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Abstract. The group identity effect in a social dilemma situation might be very 
important in order to attain cooperation. It is important for organizational man-
agers to make efforts and take measures to enhance cooperative behaviors. 
First, it was explored how the group heuristics promotes a cooperative behavior 
in a social dilemma situation. The group heuristics was found to play an impor-
tant role in a social dilemma situation, and enhance a cooperative behavior. 
Second, it was examined how the ability of short-term memory affected coop-
eration. The shorter memory span was found to lead to more frequent coopera-
tive behaviors. An agent whose short-term memory was restricted tended to 
cooperate more frequently than that whose short-term memory is not restricted 
at all. In the third experiment, we focused on the effects of penalty and proba-
bility of the revelation of defection on the cooperation, and getting insight into 
how punishment strategy should be used to get rid of social dilemmas and en-
hance cooperation. The defection (uncooperative behavior) decreased when the 
penalty to the defection was heavy and the probability of the revelation of de-
fection was low than when the penalty to the defection was light and the proba-
bility of the revelation of the defection was high. 

Keywords: social dilemma, group heuristics, experimental game theory, coop-
erative behavior, restriction of short-term memory, punishment model. 

1 Introduction 

One of the most important features in social interaction is the conflict between the 
individual motive to maximize personal interests and the motive to maximize collec-
tive interests. In many situations, if all attempt to maximize their personal interests, 
all get worse than when all cooperate to maximize collective interests. Such a  
behavior might induce a violation-based human error and lead to fatal and crucial 
accidents. In a variety of social dilemma situations [1], it is necessary to promote 
cooperative behavior somehow and optimize interests of society or organization. A lot 
of studies are carried out to enhance cooperative behavior in social dilemma situations 
[2-4]. Axelrod [3,4] demonstrated that tit-for tat strategy is able to effectively induce 
cooperative behavior. 
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The paper is organized as follows. Section 2 shows the experimental methods for 
each of three experiments: (1) how group heuristics affects cooperation, (2) how re-
striction of short-term memory affects cooperation, and (3) how penalty affects coop-
eration. Section 3 shows the results of three experiments. Section 4 discuss the results 
of three experiments, and explore how cooperation should be enhanced. Section 5 
summarized and concluded the results.  

2 Method 

2.1 Experiment1: Effects of Group Heuristics and Restriction of Short-Term 
Memory on Cooperation 

The following hypothesis was verified in this study: We prefer to cooperate with in-
group (we-group) members because we generally expect reciprocal responses from 
in-group, but not from out-group (they-group). In short, we tend to expect reciprocity 
to exist within in-group, but not within out-group. Therefore, a person facing a social 
dilemma situation tends to cooperate more frequently with an in-group member than 
with an out-group member.  

The following experiment was conducted to verify the hypothesis above and  
identify the condition for promoting cooperative behavior in such a social dilemma 
situation. The participants were ten undergraduates aged from 22 to 24 years. The 
following seven conditions were selected (see Fig. 1): 

(1)Mutual in-group condition 
(2)One-way in-group condition 
(3)Mutual out-group condition 
(4)One-way out-group condition 
(5)Mutual unknown condition 
(6)One-way unknown condition (in-group) 
(7)One-way unknown condition (out-group) 

The participants were divided into two groups. In the condition (1) above, each mem-
ber of the group was informed that he or she belonged to the in-group, and the partner 
was also told that he or she was gaming with the in-group member. Under the condi-
tion (2), each member was known that he or she belonged to the in-group, but his or 
her partner did not know with which group member he or she played. Under the con-
dition (5), the participant was not provided with the information of opponent, and the 
opponent also did not have any information of the participant with whom he or she 
played. Under the conditions (6) and (7), the participant was not provided with the 
information of opponent, and the opponent had information on which group he or she 
played with. For each condition, the participants were required to conduct a game of 
20 matches.  
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First, the participants were provided with virtual money x (x=2,000 yen). In each 
match (trial), the participants were required to carry out the following decision mak-
ing. The participants made decision on how much (from 0 to 100 yen) they provide 
their opponent with (This amount is represented by y). This was subtracted from the 
initial amount, and simultaneously the participants obtained twice the amount which 
was given by their opponent (This amount is represented by z). The advantage per one 
match (trial) equaled the amount 2z-y. The cooperative rate per one match (trial) was 
calculated as y/100. 

2.2 Experiment2: Effects of Restriction of Memory on Cooperation 

A computer simulation was carried out to explore the restriction of short-term memo-
ry on cooperation under a repeated and finite Prisoner’s dilemma situation. The  
restrictions of short-term memory were past two, four, six, and eight trials. The com-
puter agents (players) with the restriction of short-term memory above repeated a 
finite Prisoner’s dilemma game.   

(1) restriction condition (1/2): If the opponent selects cooperation at least one time 
within past two trials, the player selects a cooperative behavior. 
(2) restriction condition (2/4): If the opponent selects cooperation at least two  
times within past four trials, the player selects a cooperative behavior. 
(3) restriction condition (3/6): If the opponent selects cooperation at least three times 
within past six trials, the player selects a cooperative behavior. 
(4) restriction condition (4/8): If the opponent selects cooperation at least four times 
within past eight trials, the player selects a cooperative behavior. 

2.3 Experiment 3: Effects of Penalty on Cooperation 

The person-agent simulation was run according to the following condition and proce-
dure. The probability of punishment for the defective behavior was set to as follows: 

Model A: 10%, 20%, and 30% 
Model B: 20%, 40%, 60%, and 80% 

Two types of penalty conditions (light and heavy) were used. Four types of agents 
represented by the mixture percentage of ((A) completely cooperative strategy, (B) 
completely defective strategy, and (C) tit-for-tat strategy) were used as follows:  

((A), (B), and (C))=(1:1:1) 
((A), (B), and (C))=(1:1:8) 
((A), (B), and (C))=(1:8:1) 
((A), (B), and (C))=(1:1:8) 

A total of 56 combinations of probability of punishment, penalty, and mixture percen-
tage of agent’s strategy were carried out for all participants. For one condition, a total 
of 30 trials were conducted. The display used in the experiment is demonstrated in 
Fig.2. 
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Fig. 2. Display used in Experiment 3 

(a)                                (b) 

 

Fig. 3. Cooperation rate compared among seven experimental conditions. (a) first trial,  
(b) last trial 

3 Results  

3.1 Experiment1: Effects of Group Heuristics on Cooperation 

In Fig.3(a), the cooperative rate at the first trial is compared among seven experimen-
tal conditions above. The corresponding cooperative rate at the final trial (20-th repe-
tition) is compared among seven conditions in Fig.3(b).  The condition (3) led 
to lower cooperative rate, and the condition (1) led to the highest cooperative rate.  
The conditions (5), (6), and (7) also did not enhance cooperation. The awareness of 
belonging to the same group (that is, group heuristics) tended to promote cooperative 
behavior. In a social dilemma situation, the group heuristics seems to play an impor-
tant role, and enhance cooperative behavior. In conclusion, consciousness of in-group 
membership might help to promote actively mutual cooperation.  
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(a)                                  (b) 

 
(c)                                  (d) 

 

Fig. 4. Cooperation rate as a function of number of trials. ((a) memory restriction: 1/2, (b) 
memory restriction: 2/4, (c) memory restriction: 3/6, (d) memory restriction: 4/8). 

3.2 Experiment2: Effects of Restriction of Memory on Cooperation 

In Fig.4(a)-(d), the cooperation rate is plotted as a function of number of trials. The 
cooperation rate was the least dispersive for the 1/2 restriction condition. The cooper-
ation rate for the 1/2 restriction condition was the highest, and ranged from 0.85 to 
0.95 except for two data points corresponding to the cooperation rate of 0.  Unlike 
the 1/2 restriction condition, the cooperation rate for the 4/8 restriction condition nev-
er became 0. The cooperation rate for the 4/8 restriction condition was on the whole 
less than 0.9 and the most dispersive. In Fig.5, the cooperation rate is compared 
among the restriction conditions of short-term memory. 

3.3 Experiment3: Effects of Penalty on Cooperation 

As a result of simulation experiments (person vs. agent (computer)), the probability of 
punishment (penal regulation) affected the cooperative behavior (See Figs.6 and 7). 
The higher (heavy) penalty tended to enhance cooperation. Even if the expected val-
ues of profit were equal, heavy penalty functioned so that the in-cooperative behavior 
can be suppressed. Moreover, it was demonstrated that the higher (heavy) penalty 
(when the probability of violation (in-cooperation) closure is not taken into account) 
can suppress such in-cooperative (defective) behavior. However, it must be noted that 
there exists an interactive effect between penalty and probability of punishment.  
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Fig. 5. Cooperation rate as a function of restriction condition of short-term memory 

 

Fig. 6. Cooperation rate as a function of probability of punishment 

While, for the lower (light) penalty condition, the lower probability of punishment 
helped to promote cooperation, the probability of punishment does not necessarily 
enhance the cooperation for the higher (heavy) penalty condition.  

4 Discussion 

4.1 Experiment1: Effects of Group Heuristics on Cooperation 

As shown in Fig.3 (a) and (b), it tended that the cooperation rate differed between the 
first and the last trials. The cooperation rate of (3) mutual out-group condition, (4) 
one-way out-group condition and (7) one-way unknown condition (out-group) got 
lower at the last trial than at the first trial. Although the cooperation rate of (6) one-
way unknown condition (in-group) was by far lower than that of (1) mutual in-group 
condition and (2) one-way in-group condition at the first trial, this was nearly equal to 
that of (1) mutual in-group condition and (2) one-way in-group condition at the  
last trial. These results are indicative of the necessity of exploring the change of  
cooperation rate with time (evolution of cooperation rate over time) in order to clarify 
how the group heuristics promote a cooperative behavior. 
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Fig. 7. Cooperation rate as a function of penalty and probability of punishment 

As a whole, the condition (c) led to the lowest cooperation rate, and the condition 
(1) led to the highest cooperative rate. The conditions (e) and (g) also did not enhance 
cooperation. The condition (f) also enhanced the cooperation especially at the latter 
half of the experiment. The conditions (a), (b), and (c) are common in that at least one 
person belongs to the in-group. The awareness of belonging to the same group (that 
is, group heuristics) tended to promote a cooperative behavior even if one of the two 
persons belonged to the in-group. This suggests that the consciousness of belonging to 
the same group might be effective for promoting a cooperative behavior. The in-group 
might lead to the encouragement of team work. Therefore, we can infer that the con-
sciousness of in-group (group heuristics) leads to the enhanced team work that is re-
garded as essential for reducing human errors and accidents.  

4.2 Experiment2: Effects of Restriction of Memory on Cooperation 

It is demonstrated that the tit-for tat strategy (First, unconditionally select cooperation, 
and ever since determine a strategy according to the opponent’s last selection) is ef-
fective for enhancing cooperation under a repeated and finite Prisoner’s dilemma 
situation [2,3]. This means that only the last behavior of the opponent needs to be 
remembered. Although such a situation is plausible for people with bounded rationali-
ty, it might not be practical to assume that only the last behavior (strategy) is remem-
bered. It is more reasonable to assume that people are more forgiving for more  
frequent defections even if the short-term memory is bounded and restricted. As tit for 
more tats might be more effective for enhancing cooperation than the tit-for tat strate-
gy, we assumed that the more retained duration of short-term memory might induce 
more cooperation. 

As shown in Figs.4(a)-(d) and 5, the shorter memory restriction led to higher coop-
eration. Contrary to the prediction above, cooperation was enhanced when the short-
term memory restriction was shorter. The longer short-term restriction can be  
regarded as more forgiving strategy such as tit-for-more tats which is generous to 
more defections of the opponent player.  
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4.3 Experiment3: Effects of Penalty on Cooperation 

The heavy penalty tended to enhance cooperation. Although the expected values of 
profit were equal for both light and heavy penalty conditions, heavy penalty func-
tioned so that the uncooperative behavior can be suppressed. However, as shown in 
Fig.7, it must be noted that there exists an interactive effect between the penalty con-
dition and the probability of the revelation of defection. While, for the light penalty 
condition, the lower probability of revelation of defection helped to promote coopera-
tion, the probability of revelation of detection did not necessarily enhance the cooper-
ation for the heavy penalty condition. While the lower probability of revelation of 
defection helped to promote cooperation for the heavy penalty condition, the proba- 
bility of revelation of detection did not necessarily enhance the cooperation for the 
light penalty condition. It seems that the severity of penalty works more strongly for 
the promotion of cooperation than the probability of revelation of defection.  

The results seem to be contradictory at a glance. It might be misunderstood that the 
heavy or light penalty is constant irrespective of the probability of revelation of defec-
tion. This was not true of this experiment. If the value of heavy or light penalty is 
constant irrespective of the probability of revelation of defection, the corporation rate 
should increase with the increase of probability of revelation. This was not observed, 
and the value of heavy or light penalty was different for each value of probability of 
revelation of defection. As mentioned above, the values of light or heavy penalty were 
determined according to the probability of the revelation of detection, and the types of 
agents represented by the mixture percentage of ((a) completely cooperative strategy, 
(b) completely defective strategy, and (c) tit-for-tat strategy). Thus, throughput the 
experiment, the values of light or heavy penalty were not constant for each value of 
probability of the revelation of detection. The value of penalty differed according to 
the probability of the revelation of detection even if the penalty condition was the 
same (light or heavy).  

4.4 General Discussion-How Cooperation Should be Enhanced 

On the basis of separate discussion of each experiment, the enhancement strategy of 
cooperation will be summarized from the viewpoints of group heuristics, restriction of 
short-term memory, and punishment.  

We originally expected that the cooperation is promoted only when both in-group 
players also know that the opponent also belongs to the in-group. We also assumed 
that the players allocated to the conditions (2) and (6) do not try to maximize collec-
tive interests, and cooperation is not facilitated eventually. However, even under such 
conditions other than (1), the corporative behavior was found to be gradually pro-
moted. This means that at least one-way in-group condition eventually leads to the 
reciprocal cooperative behavior. In the framework of repeated and finite game theory, 
at least one-way in-group condition seems to lead to the reciprocal cooperative  
behavior. The stereotype that in-group members are reliable, honest, and cooperative 
must effectively work for deriving a cooperative behavior irrespective of the group 
heuristics condition of the opponent.  
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It must be noted that the consciousness of in-group membership does not necessari-
ly induce positive aspects (in this study, the enhanced cooperation). As pointed out by 
Murata [5], such consciousness sometimes leads to groupthink, and induces serious 
accidents such as a NASA space shuttle explosion accident. Therefore, future work 
should explore both positive and negative aspects of group identity effect or in-group 
heuristics systematically. In a social dilemma situation, the group heuristics principle 
seems to play an important role, and enhance a cooperative behavior. In conclusion, 
the consciousness of in-group membership by at least one player might help to pro-
mote actively mutual cooperation. 

We regarded such a generous strategy which forgives the opponent player’s  
multiple defections by extending the retain duration of short-term memory as an im-
portant factor to enhance cooperation in our society. Although this generosity to the 
opponent’s more defections was assumed to promote reflection of the opponent play-
er’s defective strategies and be necessary for enhancing cooperation, contrary to this 
assumption, it was demonstrated that such a system never led to the predicted perfor-
mance. As Axelrod [2,3] demonstrated that the tit-for-tat strategy was the most effec-
tive among a variety of strategies, forgetting (forgiving) only one past defection of the 
opponent player (tit-for tat) seems to lead to enhance more cooperation than the wil-
lingness to forgiving more past defections of the opponent player. The behavioral 
strategy that takes into account not multiple past decisions of the opponent but the 
nearest past decision leads to more cooperative behavior, which indicate the forget-
ting of past behaviors without being affected by past defections is essential for elicit-
ing mutual cooperation .  

The low probability of the revelation of defection led to a higher value of penalty. 
The higher probability of the revelation of defection led to a lower value of penalty. 
As the risk seems to be mainly prescribed not by the probability of the revelation of 
defection but by the value of penalty in the range of this experiment, the cooperation 
rate tended to increase with the decrease of probability of revelation of detection and 
with the increase of penalty. Due to this, the cooperation rate tended to increase with 
the decrease of probability of revelation of defection. It seems that the participant paid 
emphasis not on the probability of the revelation of defection but on the penalty itself 
to assess the risk, and felt more risky when the penalty was heavier. 

References 

1. Komorita, S.S., Parks, C.D.: Social Dilemmas. Westview Press (1996) 
2. Axelrod, R.: The Evolution of Cooperation. Basic Books (2006) 
3. Axelrod, R.: The Complexity of Cooperation. Princeton University Press (1997) 
4. Taylor, M.: The Possibility of Cooperation. Cambridge University Press (1987) 
5. Murata, A.: Human error management paying emphasis on decision making and social intel-

ligence –Beyond the framework of man-machine interface design. In: Proc. of Fourth Inter-
national Workshop on Computational Intelligence & Applications, pp. 1–12 (2008) 

6. Jin, N., Yamagishi, T.: Group heuristics in social dilemma, Japanese Journal of Social  
Psychology, Vol. Japanese Journal of Social Psychology 12(3), 190–198 (1997) 


	Promotion of Cooperative Behavior in Social Dilemma Situation - How Group Heuristics, Restriction of Short-Term Memory, and Penalty Promote Cooperative Behavior
	1 Introduction
	2 Method
	2.1 Experiment1: Effects of Group Heuristics and Restriction of Short-Term Memory on Cooperation
	2.2 Experiment2: Effects of Restriction of Memory on Cooperation
	2.3 Experiment 3: Effects of Penalty on Cooperation

	3 Results
	3.1 Experiment1: Effects of Group Heuristics on Cooperation
	3.2 Experiment2: Effects of Restriction of Memory on Cooperation
	3.3 Experiment3: Effects of Penalty on Cooperation

	4 Discussion
	4.1 Experiment1: Effects of Group Heuristics on Cooperation
	4.2 Experiment2: Effects of Restriction of Memory on Cooperation
	4.3 Experiment3: Effects of Penalty on Cooperation
	4.4 General Discussion-How Cooperation Should be Enhanced

	References




