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1. Introduction 

The ambiguous, finite framework seems to be the best representation of the world that 

surrounds us. Our world is finitely lived involving finite resources, a finite number of 

business and private interactions. As a matter of fact, we should know about our life and 

interactions with other people in the presence and past. Nevertheless, we can hardly foresee 

more than the near future; there may be life and interactions with other people in the future, 

but we do not know for how long and how often these occasions may occur. In fact, we are 

unable to assign any subjective probability to further instances for many relations with other 

people. The characteristic trait of future events is ambiguity; the only sure thing about the 

future is that someday, in finite time, the game will be over. The economics literature seems 

to have neglected the sad facts of life so far. Instead, a format of finite or infinite time horizon 

with a given stopping probability has been applied in dynamic models. It is clear that the 

definite (short) time horizon is not a good description of our world; you meet people again 

and again. The relevance of infinity in models of man is not so obvious either, since all 

people’s decisions involve a finite horizon due to human mortality. Thus, infinity only 

represents an opaque limit point which may have a huge impact on the predictions in the 

model but which may, from a scientific point of view, be meaningless.  

If the equilibrium of the finite time horizon coincides with the one for the infinite time 

horizon, there is indeed no reason to believe that the ambiguous horizon should induce a 

different result. However in some models the indefinite and the finite time horizon induce 

opposing equilibria. The most famous model in this respect is probably the prisoner’s 

dilemma game where two players face cooperation and defection as alternative modes of 

response.
1
 As the characteristic trait of the game, cooperation is efficient in terms of collective 

interest and defection is the dominant action in terms of individual interest. The principle of 

individual rationality therefore claims that mutual defection is the only strategically defensible 

solution to the game. The puzzling issue about this principle is that it demands the prevalence 

of mutual defection even in the finitely repeated game, although other strategies as, e.g., TIT-

FOR-TAT (Rapoport and Chammah 1965; Axelrod 1984) would perform better from an 

evolutionary perspective.
2
 Even if the game is repeated an ambiguous, finite number of times, 

the application of the same principle demands defection on every stage of the repeated game. 

                                                 
1
 Sally (1995) provides a literature survey. 

2
 If with some probability a rational player is matched with a TIT FOR TAT player, rationality may demand an 

imitation of the TIT FOR TAT strategy (Kreps et al. 1982; Andreoni and Miller 1993). 
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In contrast to this demand, the data reported in this paper show that ambiguity about the final 

repetition of the game may resolve the repeated prisoner’s dilemma in the laboratory.  

The paper is organized as follows: The following section 2 introduces the 

experimental design and the testable hypotheses. Section 4 reports the data and section 5 

provides concluding remarks.  

 

 

2 Experimental design 

2.1 Procedure 

We conducted a computer-driven experiment at the University of Hannover, Germany. 

Subjects, who were economics undergraduates, arrived at the computer room, drew sealed 

seat-numbers from a tray and went to the indicated cubicles. Written instructions were read 

aloud by the experimenter before subjects were introduced to the simple user interface of the 

z-Tree program (Fischbacher 2007).  

 

2.2 The ambiguously repeated prisoner’s dilemma 

Subjects interacted in the ambiguously repeated prisoner’s dilemma game in a partner setting; 

at the beginning of the experiment they were randomly matched in anonymous pairs in which 

they interacted for the entire prisoner’s dilemma game. Subjects knew that the game-length 

was prefixed between ten and twenty repetitions. However, the actual number of repetitions to 

be played for real, which was T = 12, was not revealed to them.
3
 After each repetition, 

subjects received feedback information about their payoff and their partner’s action. The 

screen showed the payoffs in Euro according to Table 1; actions A and B represent defection 

and cooperation.  

 

2.3 Treatments 

After having played the ambiguously repeated prisoner’s dilemma, each subject pooled her 

cumulative payoffs with another subject from the same room. One subject was assigned the 

dictatorial right to decide on the final allocation of the pooled payoffs, each subject with the 

same probability. Three treatments were considered; they differed with regard to the pie-

sharing counterparty and the amount of apriori information subjects received; details follow. 

                                                 
3
 Before the experiment, subjects ran three interactive trials (with their partner) without money at stake. The 

trials aimed at reducing initial noise and confusion which has been reported in other laboratory studies (Andreoni 

1995).   
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1. Joint-Pie treatment: prior to the prisoner’s dilemma game, subjects were 

informed that they were going to divide the joint payoffs of the game with their 

partner, and one of them would decide how to divide the pie.  

2. Uninformed treatment: subjects were told that they were going to receive 

further instructions after the prisoner’s dilemma game and learned about the 

pie sharing task only afterwards. 

3. Individual-Pie treatment: subjects received apriori information that their 

cumulative payoffs in the game would be pooled with the cumulative payoffs 

of someone else with whom they had not interacted before. 

The present paper contemplates the decisions of the prisoner’s dilemma game only; 

the choices of the dictatorial pie-sharing game are reported elsewhere. Certainly, the dictator’s 

rational choice is to demand the whole pie. Therefore, subjects of the Joint-Pie treatment have 

a dominant strategy to cooperate in each repetition to increase this pie. In contrast, mutual 

defection is the unique equilibrium to the other two treatments if one applies the standard 

backward induction algorithm assuming a finite number of repetitions and maximization of 

individual expected payoff or any monotonous transformation.  

 

Table 1. Payoffs in the prisoner’s dilemma stage game 

 

 

 

 

 

 

 

 

 

3. Experimental results 

In the experiment, 74 subjects participated in pairs; thus, we gathered 12 independent 

observations for the Joint-Pie treatment, 11 for the Uninformed treatment and 14 for the 

Individual-Pie treatment. By participating in the experiment, subjects earned an average 

payoff of 11.15 Euro, i.e., 92.9% of the maximum average payoff of 12 Euro. Including 

instructional readings, the experiment was completed within half an hour.  

1.00 , 1.000.00 , 1.50B 

1.50 , 0.000.50 , 0.50Ayour action

BA

the other‘s action

1.00 , 1.000.00 , 1.50B 

1.50 , 0.000.50 , 0.50Ayour action

BA

the other‘s action
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3.1 Between treatments analysis 

All three treatments elicited very high cooperation levels. The average cooperation rate was 

86.3%, inducing mutual cooperation in 360 of the 444 (80.9%) stage games. Cooperation 

rates were 84.7% in the Joint-Pie treatment, 87.1% in the Uninformed treatment, and 86.9% in 

the Individual-Pie treatment. The differences between any of the three treatments are not 

significant at any conventional level as the outcomes of the Mann Whitney test reveals;  

 

Result 1.  

Between the three treatments, no differences in cooperation levels can be observed.  

 

Since most of the observations involved the choice of cooperation, the data can be suitably 

surveyed through the documentation of the defection choices, A. Table 2 records these 

occurrences for each pair of participants where defection was chosen at least once; the 

characters before and after the comma indicate the choice of the first and the second 

participant in the pair, respectively. Spaces and ‘.’ indicate the choice of cooperation. The ID 

of the pair is recorded in the first column. The non-recorded pairs chose cooperation on each 

occasion; 7 of 12 cooperated throughout the Joint-Pie treatment, 8 of 11 in the Uninformed 

treatment and 12 of 14 in the Individual-Pie treatment. 

 

3.2 Time trend 

A stylized fact in experimental economics is that cooperation levels decrease in the repeated 

game (Ledyard 1995). In contrast to this result on finitely repeated games, we can state the 

following result for the ambiguously repeated game. 

 

Result 2. 

The cooperation levels are trend-free in all treatments.  

 

Support for the result comes from the ordered probit regression of cooperation on a time trend 

whose results are reported in Table 3. The regression is constructed on the sum of cooperation 

choices {0, 1, 2} for each pair in each repetition. The results as recorded in columns (a)-(c) of 

Table 3 show that the cooperation levels do not change significantly over time in any 

treatment. Since the coefficients in columns (b) and (c) are negative while the coefficient in 

column (a) is positive, the ordered probit dummy regression recorded in column (d) of Table 
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3 checks on between treatment differences. The Joint-Pie treatment dummy, JPT, is a binary 

variable which takes the value one for the Joint-Pie treatment and zero otherwise. This binary 

variable is interacted on the time trend, JPT  repetition. Thus, we test for differences 

between treatments in the intercept and the slope. The results reported in the table show that 

there are no significant differences between treatments. (The pairwise regressions show also 

no differences).  

 

Table 2. Defection in the ambiguous prisoner’s dilemma game 

a) Joint-Pie treatment 

 Repetition 

Pair 1 2 3 4 5 6 7 8 9 10 11 12 

4 .,A A,. A,A  A,A .,A   .,A    

5     .,A A,. .,A A,. .,A .,A .,A A,. 

6 A,. A,.  A,. A,A A,. A,A A,A .,A  .,A  

8 A,. A,. A,. A,. A,A  A,. A,A  A,A A,.  

11  .,A   .,A .,A  A,. .,A   .,A 

 

b) Uninformed treatment 

 Repetition 

Pair 1 2 3 4 5 6 7 8 9 10 11 12 

14 A,A A,A A,A A,A A,A A,A A,. .,A A,. A,A A,A A,A 

19 A,. .,A  A,. .,A .,A A,A A,. A,A A,.  A,. 

20            A,. 

 

c) Individual-Pie treatment 

 Repetition 

Pair 1 2 3 4 5 6 7 8 9 10 11 12 

25 .,A .,A A,A A,A A,A A,A A,A A,A A,A A,A A,A A,A 

26   A,. A,A A,A A,A A,A A,A A,A A,A .,A  

33         .,A A,A A,. A,A 
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Table 3. Ordered probit regression: cooperation on repetitions 

Independent Treatment (d) Nested dummy 

Variable (a) Joint-Pie 

treatment 

(b) Uninformed 

treatment 

(c) Individual-Pie 

treatment 

regression 

Repetition .008 

(.032) 

[.806] 

-.007 

(.036) 

[.842] 

-.049 

(.035) 

[.158] 

-.031 

(.025) 

[.201] 

     

JPT    -.450 

(.300) 

[.133] 

     

JPT  Repetition    .039 

(.040) 

[.337] 

Note: standard error in parenthesis; p-values in brackets. JPT denotes the dummy for the Joint-Pie treatment.  

 

 

4. Conclusions 

The paper has reported experimental data on the ambiguously repeated prisoner’s dilemma 

game. In the experiment, very high cooperation levels could be achieved; 87% of the actions 

were cooperative where defection was the unique equilibrium strategy of the finitely repeated 

game and there was no declining tendency. The endgame effect which is usually observed in 

the finitely repeated prisoner’s dilemma (Selten and Stoecker 1986) could not be detected. 

The results were statistically indistinguishable from the control treatment where cooperation 

was the dominant action. 

The ambiguously repeated game can be understood as the infinite horizon game 

played by agents who live over an ambiguous, finite time horizon. Hence, due to the unknown 

final day it shares some similarities to the indefinite horizon game. Nevertheless, the 

backward induction algorithm can be applied to the game starting at the upper bound of the 

finite time horizon. Thus, rationality would demand defection in each repetition. In fact, 

unbounded rationality cannot account for cooperation in the game. For some preferences and 

beliefs, however, the indefinite and the ambiguous time horizon may be isomorphs given the 

bounded rationality of the decision maker. This theoretical issue is discussed elsewhere.  
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Instructions (translated from German) 

Welcome to the experiment. Please switch of your mobile telephone now. Follow the instructions carefully and 
please indicate by raising your hand if you do not fully understand them. During the entire experiment, please do not 
contact any other participant. If you do so, you will be asked to leave the experiment and you lose all rights for 
payment. The experiment aims at understanding individual decision making; hence, it is necessary that you make 
your decisions on your own.  

 
In the experiment you are going to interact repeatedly with the same participant whose identity is 
determined at the beginning of the experiment but which will not be revealed to you at any time.  
  
With the determined participant, you will play at least for 10 rounds and at most for 20 rounds for real 
money; the exact number of rounds is not revealed to you in advance.  
 
Before you start the experiment, you play three trials with the other participant without receiving any 
payment.  
 
In each round, you decide to take one of the two actions A or B and confirm your choice through the 
press on the button on the computer screen.  
 
Depending on the actions you and the other participant choose, the round payoffs result according to the 
following table.  

 
 

Payoff table. (your payoff; payoff of the other) 
 

 The action of the other 
 
 

 
Your 

 

 

  

action  

 

  

 
How you read the table: 
 
If both choose action A, each of you wins €0.50.  
 
If you choose action A and the other chooses action B, you win €1.50 and the other wins nothing. 
 
If you choose action B and the other chooses action A, you win nothing and the other wins €1.50. 
 
If both choose action A, each of you wins €1.50.  
 
 
After each round you will be informed about the decision of the other participant and the resulting 
payoffs.  
 
The total payoff in the experiment corresponds to the sum of your round payoffs. 
 

 
(The following instructions differed with respect to the treatment): 
 
Subjects in the Joint-Pie treatment read: At the end the experiment your total payoff will be added to the 
total payoff of participant with whom you have interacted to determine the joint payoff. One of you, 
either you or the other one, decides on how much you and the other one receive of this joint payoff. The 

A 

B 

A B 

(0.50 ; 0.50) (1.50 ; 0.00) 

(1.00 ; 1.00) (0.00 ; 1.50) 
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one who makes this decision will be determined by chance. Thereafter, you will discreetly receive your 
payoff paid out in the institute by our secretary in private. 
 
Subjects in the Uninformed treatment read: At the end of the experiment you are going to receive further 
instructions. 
 
Subjects in the Individual-Pie treatment read: At the end the experiment you will be randomly matched 
with another, unknown participant from the room with whom you have not interacted in the experiment. 
Your total payoff will be added to the total payoff of this other unknown participant to determine the 
joint payoff. One of you, either you or the unknown, decides on how much you and this unknown 
participant receive of this joint payoff. The one who makes this decision will be determined by chance. 
Thereafter, you will discreetly receive your payoff paid out in the institute by our secretary in private.  
 


