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Cooperation is—despite not being predicted by game theory—

. a widely documented aspect of human behaviour in Prisoner’s
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between subjects restricted to playing pure strategies and
subjects allowed to play mixed strategies in a one-shot
symmetric PD laboratory experiment. Subjects interact with
10 other subjects and take their decisions all at once. Because
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beliefs about their counterparts’ level of cooperation, we
predicted the cooperation rate in the mixed-strategy
treatment group to be higher than in the pure-strategy
control group. The results of our experiment reject our
prediction: even after controlling for beliefs about the other
subjects” level of cooperation, we find that cooperation in the
mixed-strategy group is lower than in the pure-strategy
group. We also find, however, that subjects in the mixed-

strategy group condition their cooperative behaviour more
closely on their beliefs than in the pure-strategy group. In the
mixed-strategy group, most subjects choose intermediate
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1. Introduction

Prisoner’s Dilemma (PD) is a social dilemma in which (usually)
two players simultaneously face a choice between two options:
to cooperate or to defect. The game matrix of the PD with
payoffs T > R > P > S is displayed in table 1 (the first payoff in
each cell belongs to Player A, the second to Player B). If both
players cooperate, they both receive payoff R (for reward). If
both players defect, they receive P (for punishment). If only one
player defects and the other player cooperates, the defector
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Table 1. The general PD in matrix form.

Player B
cooperate defect
Player A cooperate R R ST
defect IS PP

receives T (for temptation) and the cooperator gets S (for sucker). In one-shot interactions (or when the
game is repeated for a finite number of periods), each player, independent of the other player’s choice,
has an incentive to defect. Each player is tempted to maximize his or her own gains by defecting, but if
both defect, both lose compared to the situation in which both cooperate. According to the Nash
Equilibrium, in equilibrium, no player has an incentive to unilaterally deviate from his or her choice.
However, the PD’s Nash Equilibrium of mutual defection is not socially efficient. Therefore, it is in
society’s interest to know the determinants of cooperation in the PD, because this dilemma is likely to
arise anywhere conflicts of interest exist—whether in politics [1], economics [2] or even evolution [3].
Due to the frequent occurrence and importance of the PD, many scientific disciplines analysed
cooperation in the PD, e.g. evolutionary biology/genetics [4], chaos theory [5], sociology [6],
psychology [7] and (experimental) economics [8-13]. As an exhaustive literature review is beyond the
scope of this paper, we refer to survey articles for an overview [14,15].

This article presents a comparison between subjects restricted to playing pure strategies and subjects
allowed to play mixed strategies in a one-shot symmetric PD laboratory experiment. Our research is
motivated by different interpretations of the mixed Nash Equilibrium in the game theoretical
literature in economics. Von Neumann & Morgenstern [16, p. 144] interpret mixed strategies as a
deliberate randomizing device to conceal one’s intentions (e.g. a player in the Matching Pennies game
who wants to outsmart his or her opponent) whereas Rosenthal [17, pp. 1353—-1354] interprets them
as the distribution of pure choices in a large population (e.g. there are two subpopulations, each has
its own set of pure strategies available, and nature matches players from the different populations
randomly). Yet another interpretation is provided by Aumann [18, p. 3, pp. 15-17] who states that the
probabilistic nature of the mixed strategies reflects the uncertainty of the players who do not know
what actions the other players take. According to this interpretation, each player always chooses a
definite pure strategy, with no attempt to randomize. (Rubinstein [19, pp. 912-915] provides a
discussion of these different interpretations.) With our paper, we test whether the rate of cooperation
differs when we compare players who are allowed to play mixed strategies (resembling the
interpretation in [16]) with players who individually have to choose among their pure strategies
(resembling [17]). In order to account for the role of uncertainty about others” actions in [18], we also
elicit beliefs about these actions. We chose the PD as the underlying game in our experiment (i) because
of its prominent role in various disciplines, and (ii) because cooperation in the PD involves subjects
trading off individual and societal interest. We consider cooperation in the PD a more interesting (and
moral, see [20]) question than merely one of calculation (like in the Matching Pennies game).

The subjects in one group of our experiment are restricted to playing pure strategies and the subjects
in another group are allowed to play mixed strategies in a one-shot symmetric PD game. In both groups,
subjects anonymously interact with 10 other subjects and take their decisions all at once (to the best of
our knowledge, we are the first to take this approach in a PD experiment). Mixed strategies spare
decision-makers from committing themselves to either full cooperation or full defection. Instead,
players can select a mix of those pure strategies. The purpose of this study is to determine whether
and how the option to play mixed strategies affects cooperation in a PD. In our monetarily
incentivized experiment, subjects are divided into two groups which differ only in their decision
space. In the control group Pure, subjects take a pure-strategy decision. For 10 randomly matched
anonymous interactions within their experimental session, they decide all at once to either cooperate
or defect according to the game matrix in table 2. In the treatment group Mixed, subjects have the
option to take a mixed-strategy choice. They decide in how many of the 10 randomly matched
anonymous interactions they want to cooperate; in the remaining (also randomly matched)
anonymous interactions, they defect. Hence, subjects in Mixed still have the option to fully cooperate
or fully defect, as in Pure. The order in which subjects play the chosen mixture of cooperation and
defection is randomly determined.
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Table 2. The game matrix in the experiment (with payoffs in euro cents).

decision of the other subject

cooperate defect
your decision cooperate 75 cents, 75 cents 25 cents, 85 cents
defect 85 cents, 25 cents 30 cents, 30 cents

To increase the chances that decisions are taken deliberately, subjects in both treatments are asked to
state a belief about their opponents’ cooperativeness. Eliciting these beliefs also allows us to examine the
relationship between beliefs and cooperative behaviour more closely. The elicitation of beliefs about other
players’ behaviour and the consequences of these beliefs for one’s own behaviour was an early research
topic. Subjects in PD experiments guess that others will play as they themselves intend to play [21-23].
Croson [24] found that when subjects were asked for their best (binary) estimation of what their
counterpart in the experiment would do, it decreased subsequent cooperation in one-shot PD
experiments by about 30% compared with subjects who were not asked. Acevedo & Krueger [25]
attribute this relationship between beliefs and behaviour to evidential reasoning and social value
orientation. Rubinstein & Salant [26] present related evidence for self-similarity in strategic
interactions akin to the PD.

In a post-experimental questionnaire, we asked subjects about control variables we considered
important for experiments conducted with students at a university campus (we decided not to include
more control variables as the subjects in the experiments were exclusively students and hence of
similar age and educational level and neither of them has participated previously in a PD experiment
in the laboratory; we did not include a measure for risk aversion because there is evidence that it
does not correlate with behaviour in the PD [27] or the Trust Game [28]). First, we included gender
because [29] found females to be more cooperative in the first rounds of a repeated PD experiment
(this difference was more pronounced in mixed-gender sessions than when single-gender sessions
were compared). See [30, pp. 461-463] for a more general discussion of gender differences in PD
experiments and [31] for a meta-study of gender differences in Dictator Game and PD experiments.
Second, we included whether subjects had already heard about the experiment (because having heard
of the experiment from peers may make subjects behave differently than subjects who have not).
Third, we included whether they were familiar with game theory (as the PD is usually taught in
game theory classes and knowing the solution may make students behave more in line with theory;
see, e.g. [32,33] on the role of subjects” experience in PD experiments). Finally, we asked how many
other subjects in the room the subjects knew personally (knowing more of the other subjects
personally may make subjects behave more pro-socially, i.e. more prone to cooperate in the PD).

Standard game theory predicts that the option to play mixed strategies in a one-shot PD game will
not affect cooperation at all. Mutual defection is the game’s only Nash Equilibrium, which means that
players have no incentive to unilaterally deviate from the probability distribution of 100% defection
and 0% cooperation. Empirically, however, up to 80% of the choices in experimental PD games are
cooperative, depending on the calibration of the payoffs [34]. For our experiments, we chose the game
matrix presented in table 2. It had already been used in [24], who reported a cooperation rate of 55%
and a belief rate of 45%. In Pure, pro-social subjects have to face an ‘all-or-nothing’ decision. Here,
uncertainty about others” behaviour is likely to draw pro-social subjects toward defection, because of
the fear of being taken advantage of overwhelms the desire to maximize joint outcomes. In Mixed, we
expect the option to play mixed strategies to encourage pro-social subjects to reciprocally cooperate at
least to the same degree that they expect their opponents to cooperate. The crucial point is that only
mixing strategies enables subjects to give the best response to their belief. As we expect a distribution
very close to 50% cooperation/50% defection of both beliefs and behaviour, the chosen game matrix
should give us clear results.

Prediction: The cooperation rate in Mixed is higher than in Pure.

The one-shot decision provides the cleanest test for social dilemmas like the PD. When a decision is
only taken once, subjects cannot learn over the course of time (as some subjects gain understanding when
feedback is provided [8]). Conditioning one’s own behaviour on the observed past behaviour of others is
not possible (like the reciprocity reported in Public Goods Game experiments, i.e. in [35]) and reputation-
building does not play a role (as it does in [36] when interacting more than once with the same subject).
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2. Methods

The replication crisis [37-39] has revealed that many results in psychology, experimental economics and
other social sciences are not reproducible. We address this crisis by determining the number of required
observations with the help of a power calculation (where the expected effect size is based on the
literature) before conducting our experiments. Using G*Power 3.1.9.2 [40], a required sample size of 40
in each of the two treatment groups was calculated to provide a statistical power of 1 — 3=0.8 to
detect an effect of d = 0.58, assuming a one-sided Wilcoxon rank-sum test and an error probability of
a=0.05. We used the results in [24] and calculated the effect size based on an expected increase in
cooperation of 7 percentage points in Mixed over the reported cooperation rate of 55% whose payoff
matrix we also use [24, Table 4(a), p. 310]. We assumed a standard deviation of s.d. = 12.16 in both
treatments (calculated from the data points in a recent meta-study [13, fig. 3, p. 71]).

A total of 97 students from the University of Potsdam who had subscribed to the ORSEE database
(based on [41]) of the Potsdam Laboratory for Economic Experiments (or PLEx, https://www.uni-
potsdam.de/plex) were recruited to participate in this experiment. These subjects were randomly
assigned to two treatments: 48 subjects in Pure and 49 subjects in Mixed. A total of 12-18 subjects
participated in each of the six sessions conducted in June 2018. Each subject participated in one session only.

After entering the laboratory, subjects were randomly assigned to a computer terminal, after which
point any communication between subjects was forbidden. Blinds between workstations prohibited
subjects from looking at their neighbours’ screens and observing their decisions. A blank sheet of
paper and a pen were provided for each subject. Experimental instructions were displayed on the
computer screen at the beginning of the experiment (for translations of the experiment and screenshots
in German, refer to the repository in the Data Accessibility statement). Sessions were either Pure or
Mixed sessions so that the instructions were identical for all subjects in the room. Each experimental
session lasted about 15 min. Subsequent to the experimental game, subjects were asked to fill in a short
questionnaire collecting information about subjects’” gender (dummy variable Female =1 if female)
and whether they had already heard about the experiment (dummy variable Known Experiment =1
if yes), whether they were familiar with game theory (dummy-variable Game Theory =1 if yes) and
how many other subjects in the room they knew personally (variable Known Subjects = number of
known subjects). Subjects earned a show-up fee of €4 and an average of €6.18 in the game (€6.47 in
Pure, €5.90 in Mixed). Subjects received their payoff in private. The experiment was programmed in
z-Tree [42] and framed in a neutral way. In both groups, subjects were presented with the payoff
matrix in table 2. Cooperation was labelled decision A, defection decision B.

In both groups, subjects had to take one single payoff-relevant decision. In Pure, subjects had to decide to
play either decision A or decision B in all 10 subsequent interactions (variable Cooperation: either 0 or 1,
transformed into rates of either 0 or 100). In Mixed, in contrast, subjects had to decide in how many of the 10
interactions they would take decision A (variable Cooperation: integers between 0 and 10, transformed
into rates between 0 and 100). In the remaining interactions, they played decision B. The order in which
they played the chosen mix of A or B against their counterparts was randomly determined by the
computer. Following this, the computer matched subjects randomly into pairs with one of 10 other
subjects in the room. Each subject’s payoff from the experiment was the sum of profits earned in the 10
interactions. Subjects did not receive any information about their counterparts or other subjects’ decisions.

Before subjects took their decision, they were asked to (non-incentivized) evaluate the other subjects’
behaviour. In Pure, subjects had to state how many of their 10 interaction partners they expected would
choose decision A (variable Belief: integer between 0 and 10, transformed into rates between 0 and
100). In Mixed, subjects had to state in how many interactions they believed their 10 interaction
partners would choose decision A on average (variable Belief: number with up to two decimal
places between 0 and 10, also transformed into rates).

3. Results

3.1. Comparison of treatment means

Most important are the comparisons of the means of the two variables of interest, Cooperation and
Belief, in our treatment groups (both variables are expressed here as rates and range between 0 and
100%). We also check our control variables for balanced samples, as differences between treatments
may affect the outcomes. Table 3 presents the sample means, differences between treatments and test
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Table 3. Variable means in both treatments in test of differences. Note: Standard deviations in parentheses and asterisks n
indicate difference between the treatments.
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results on the differences between the treatments. We randomly assign 49 subjects to Mixed and 48
subjects to Pure. We do not exclude any observations.

In order to compare the (quasi-)continuous variables in the two independent samples, we use the
Wilcoxon rank-sum test. It is a non-parametric test as it (in contrast to the f-test) neither requires the
assumption that both samples are of equal variance nor that the two samples are normally distributed. We
apply the x*test to detect differences in the frequencies of binary categories in the two independent samples.

3.1.1. Result

Our main question is the difference in cooperation rates between the Mixed treatment group and the Pure
control group. The cooperation rate in Mixed is 60%, in Pure 75%. A two-sided Wilcoxon rank-sum test
shows the difference between the two groups to be highly statistically significant (p = 0.0003).

Our prediction that the possibility to play mixed strategies will increase cooperation in the PD is
shown to be wrong: the cooperation rate in Pure is higher than in Mixed.

Beliefs about other subjects’ cooperativeness may, of course, also be affected by the decision
environment (Belief is an endogenous variable). A two-sided Wilcoxon rank-sum test finds the
difference between Mixed and Pure to be statistically different (p = 0.0396). Hence, the subjects’ beliefs
correctly reflect the lower cooperation rate in Mixed compared to Pure.

In our check for balanced samples, only the variable Known Subjects was found to be statistically
different between the treatments (p = 0.0388). We will later include this variable in a robustness check of
the different cooperation rates identified in the two treatments.

3.2. Test for gender differences in beliefs and cooperation

Given the interest in gender differences in cooperation mentioned in the introduction, we shortly examine
the relationship between gender and cooperation rate and gender and belief separately. We neither
observe a statistically significant relationship between Female and Belief (the Pearson correlation
coefficient of both variables is —0.098 (p = 0.5093) in Pure and 0.161 (p = 0.2706) in Mixed) nor
between Female and Cooperation (the Pearson correlation coefficient of both variables is —0.068
(p = 0.646) in Pure and —0.020 (p = 0.8900) in Mixed).

3.3. The relationship between cooperation and beliefs

First, we consider the distributions of the variables Belief and Cooperation. Figure 1 displays
histograms of these two variables in Pure and Mixed. We observe that the distributions of Belief in
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Figure 1. Histograms of Cooperation and Belief by treatment.
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Figure 2. Boxplot of Belief by Cooperation in Pure.

the two treatments are similar, with many observations falling in the middle of the interval. Interestingly,
in Mixed, many subjects also chose intermediate cooperation levels. In this treatment, the distributions of
Belief and Cooperation lie almost on top of one another.

This leads us to the main issue in this section: the relationship between the subjects’ beliefs regarding
the cooperative play of others and their own decision. Figure 2 shows a boxplot of Belief by
Cooperation in Pure. Cooperators have a slightly higher median Belief than defectors and their
beliefs are more compressed. However, the Pearson correlation coefficient of 0.140 is not found to be
significantly different from zero (p = 0.3445). Figure 3 shows a scatterplot which suggests a linear
relationship between Cooperation and Belief in Mixed. A positive correlation between
Cooperation and Belief in this treatment is confirmed by a Pearson correlation coefficient of
0.403, significantly different from zero (p = 0.0041).

3.4. Controlling for confounds using OLS regressions

Does the result that subjects in Mixed cooperate less than the subjects in Pure still hold if we control for the
two variables that differed between treatments? Table 4 displays the results from OLS regressions (in
economics, the multivariate ordinary least-squares regression is the most common technique to
estimate relationships between variables while controlling for covariates” influence). In Model 1, we
regress Cooperation, using our pooled data, on a constant and a treatment-dummy for Mixed. The
result confirms our previous finding: significantly more cooperation in Pure (t-test, p = 0.043). In
Model 2, we extend Model 1 by adding Belief into the regression. Both variables are statistically
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Table 4. Determinants of Cooperation. Note: Standard errors in parentheses and asterisks indicate t-test on difference
from zero.

Model 1 Model 2 Model 3
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different from zero (t-tests, Mixed-dummy: p = 0.098; Belief: p = 0.025). Finally, in Model 3, we add
Known Subjects to Model 2. Here, the treatment-dummy and Known Subjects are not statistically
different from zero (t-tests, Mixed-dummy: p = 0.137; Known Subjects: p = 0.357). The subjects’
beliefs are significantly different from zero (t-test, p = 0.049).

Which model provides the best statistical fit (as we neither want to overfit nor underfit our model)? The
measure of explained variance, adjusted R? is highest for Model 2, and the Akaike and Bayesian
information criteria (AIC and BIC; the most common criteria for model selection) are lowest for Model 2.
All three metrics indicate that Model 2 provides the best statistical fit of the three models. We conclude
from this robustness check that the cooperation rate in Pure is higher than in Mixed even when we control
for the variable Belief (which is endogenous to the two treatment groups), contrary to our prediction.

4. Conclusion

To summarize, we conducted one-shot PD game experiments. Our treatment variable was the
opportunity to play mixed strategies. In a control group, subjects were limited to playing either full
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cooperation or full defection against 10 other subjects. In the treatment group, the subjects were allowed
to choose any mix of the two strategies. Before subjects took their decision, we elicited their beliefs about
the other subjects’ level of cooperativeness.

Using a two-sided test, we found that—contrary to our prediction—the cooperation rate in Pure was
actually higher than in Mixed. Even after controlling for the subjects’ beliefs in OLS regressions, this
difference remains significantly different from zero (though only at the 10% level). As we conducted
only a power calculation for a comparison of the treatment averages for Cooperation, we are careful
with the interpretation of the higher cooperation rate we detected in Pure. However, we see our
findings as an indication that cooperation rates differ when subjects can use mixed strategies.

A reviewer of this paper pointed out that the subjects in Mixed might cooperate with a certain
probability. In Pure, these subjects would only cooperate if this probability is higher than a certain
threshold (it is very likely that they only cooperate if they believe that more than 50% of the other
subjects also cooperate). This switching-point theory sounds reasonable. However, in order to test it
one would require an experimental design where each subject goes through both a Pure and a Mixed
stage (the order of Pure and Mixed should be randomized between subjects and controlled for in the
analyses). With our design, we only test whether cooperation rates (and beliefs) differ when subjects
can play mixed strategies (between subjects). The beliefs about the cooperativeness of others is
endogenous in the control and in the treatment group.

A previous study showed how cooperation rates vary across one-shot symmetric PD experiments
when the cooperation/cooperation payoff in the underlying game matrices is varied [43]. They find,
as predicted, that the cooperation rate increases when they increase the payoff. They also find that the
beliefs about other subjects” behaviour (which were elicited after the subjects took their decision)
closely track the cooperation rate in the respective treatment.

We think it would be interesting to combine the experimental design in [43] with our approach.
Depending on the parametrization of the PD game matrix, the effect of mixed strategies may be
different. When the cooperation rate in a Pure treatment is very low, this rate may be higher in a
Mixed treatment (due to subjects who do not completely defect but choose an intermediate level of
cooperation). This, of course, requires another series of experiments. These experiments could also
include a questionnaire asking for the subjects’ social value orientation in order to disentangle the
subjects’ motives for cooperating (see [44] for a meta-study of social value orientation in social
dilemmas).

Ethics. Economic experiments like ours are not subject to approval by the university’s ethical review board (https://

www.uni-potsdam.de/senat/kommissionen-des-senats/ek.html). A general informed consent/data privacy
statement was signed by all subjects prior to the first experiment at the PLEx. No minors participated in the
experiments.

Data accessibility. Data, code, experimental instructions and screenshots are accessible at https://osf.io/p4dgz/.

Authors’ contributions. L.H. and A.O. designed the research, conducted the experiments, analysed the results and wrote the
manuscript; A.O. programmed the experimental software.

Competing interests. We declare we have no competing interests

Funding. We acknowledge the support of Deutsche Forschungsgemeinschaft (German Research Foundation) and Open
Access Publication Fund of University of Potsdam.

Acknowledgements. We are thankful to Lisa Bruttel for her valuable comments. Luis Koch, Fenja Meinecke and Juri

Nithammer provided excellent research assistance. Anne Popiel provided proofreading services.

References

1. Majeski SJ. 1984 Arms races as iterated 5.

Prisoner’s Dilemma games. Math. Soc. Sd. 7,

Nowak MA, May RM. 1993 The spatial dilemmas
of evolution. Int. J. Bifurcation Chaos 3, 35-78.

J. Econ. Behav. Organ. 7, 47—70. (doi:10.1016/
0167-2681(86)90021-1)

253-266. (doi:10.1016/0165-4896(84)90022-2) (doi:10.1142/50218127493000040) 9. Boone C, De Brabander B, Van Witteloostuijn A.
Lambertini L. 1997 Prisoners’ Dilemma in Kollock P. 1998 Social dilemmas: the anatomy 1999 The impact of personality on behavior
duopoly (super)games. J. Econ. Theory 71, of cooperation. Annu. Rev. Sociol. 24, 183-214. in five Prisoner's Dilemma games. J. Econ.
181-191. (doi:10.1006/jeth.1997.2328) (doi:10.1146/annurev.soc.24.1.183) Psychol. 20, 343—377. (doi:10.1016/50167-
Turner PE, Chao L. 1999 Prisoner’s Dilemma in Rand DG, Nowak MA. 2013 Human cooperation. 4870(99)00012-4)

an RNA virus. Nature 398, 441—443. (doi:10. Trends Cogn. Sci. 17, 413—425. (doi:10.1016/j. 10.  Jones G. 2008 Are smarter groups more

1038/18913)

Nowak MA, Sigmund K. 2004 Evolutionary
dynamics of biological games. Science 303,
793-799. (doi:10.1126/science.1093411)

tics.2013.06.003)

Selten R, Stoecker R. 1986 End behavior in
sequences of finite Prisoner's Dilemma
supergames: a learning theory approach.

cooperative? Evidence from Prisoner’s Dilemma
experiments, 1959—2003. J. Econ. Behav.
Organ. 68, 489—497. (doi:10.1016/j.,jebo.2008.
06.010)

201781 9 s tado 205y sosyjeuwmol/biobunsyqndfaanosiedor g


https://www.uni-potsdam.de/senat/kommissionen-des-senats/ek.html
https://www.uni-potsdam.de/senat/kommissionen-des-senats/ek.html
https://www.uni-potsdam.de/senat/kommissionen-des-senats/ek.html
https://osf.io/p4dgz/
https://osf.io/p4dgz/
http://dx.doi.org/10.1016/0165-4896(84)90022-2
http://dx.doi.org/10.1006/jeth.1997.2328
http://dx.doi.org/10.1038/18913
http://dx.doi.org/10.1038/18913
http://dx.doi.org/10.1126/science.1093411
http://dx.doi.org/10.1142/S0218127493000040
http://dx.doi.org/10.1146/annurev.soc.24.1.183
http://dx.doi.org/10.1016/j.tics.2013.06.003
http://dx.doi.org/10.1016/j.tics.2013.06.003
http://dx.doi.org/10.1016/0167-2681(86)90021-1
http://dx.doi.org/10.1016/0167-2681(86)90021-1
http://dx.doi.org/10.1016/S0167-4870(99)00012-4
http://dx.doi.org/10.1016/S0167-4870(99)00012-4
http://dx.doi.org/10.1016/j.jebo.2008.06.010
http://dx.doi.org/10.1016/j.jebo.2008.06.010

.

12.

13.

4.

15.

16.

17.

18.

19.

20.

21.

22.

2.

Chaudhuri A. 2011 Sustaining cooperation in
laboratory public goods experiments: a selective
survey of the literature. Exp. Econ. 14, 47-83.
(doi:10.1007/s10683-010-9257-1)

Mengel F. 2018 Risk and temptation: a meta-
study on Prisoner's Dilemma games. Econ. J.
128, 3182-3209. (doi:10.1111/ecoj.12548)

Dal B6 P, Fréchette GR. 2018 On the
determinants of cooperation in infinitely
repeated games: a survey. J. Econ. Lit. 56,
60—114. (doi:10.1257/jel.20160980)

Perc M, Szolnoki A. 2010 Coevolutionary games:
a mini review. BioSystems 99, 109—125.
(doi:10.1016/j.biosystems.2009.10.003)

Perc M, Jordan JJ, Rand DG, Wang Z, Boccaletti
S, Szolnoki A. 2017 Statistical physics of human
cooperation. Phys. Rep. 687, 1—51. (doi:10.
1016/j.physrep.2017.05.004)

Von Neumann J, Morgenstern 0. 1944 Theory of
games and economic behavior. Princeton, NJ:
Princeton University Press.

Rosenthal RW. 1979 Sequences of games with
varying opponents. Econometrica 47,

1353 -1366. (doi:10.2307/1914005)

Aumann RJ. 1987 Correlated equilibrium as an
expression of Bayesian rationality. Econometrica
55, 1-18. (doi:10.2307/1911154)

Rubinstein A. 1991 Comments on the
interpretation of game theory. Econometrica 59,
909-924. (doi:10.2307/2938166)

Capraro V, Perc M. 2018 Grand challenges in
social physics: in pursuit of moral behavior. Front.
Phys. 6, 107. (doi:10.3389/fphy.2018.00107)
Kelley HH, Stahelski AJ. 1970 Social interaction
basis of cooperators’ and competitors’ beliefs
about others. J. Pers. Soc. Psychol. 16, 66—91.
(doi:10.1037/h0029849)

Kuhlman DM, Wimberley DL. 1976 Expectations
of choice behavior held by cooperators,
competitors, and individualists across four classes
of experimental games. J. Pers. Soc. Psychol. 34,
69—81. (doi:10.1037/0022-3514.34.1.69)

Dawes RM, McTavish J, Shaklee H. 1977
Behavior, communication, and assumptions

24

25.

26.

27.

28.

29.

30.

3N

32

33.

about other people’s behavior in a commons
dilemma situation. J. Pers. Soc. Psychol. 35,
1-11. (doi:10.1037/0022-3514.35.1.1)

Croson RT. 2000 Thinking like a game theorist:
factors affecting the frequency of equilibrium
play. J. Econ. Behav. Organ. 41, 299-314.
(doi:10.1016/50167-2681(99)00078-5)

Acevedo M, Krueger JI. 2005 Evidential
reasoning in the Prisoner’s Dilemma.

Am. J. Psychol. 118, 431-457.

Rubinstein A, Salant Y. 2016 ‘Isn’t everyone like
me?”: on the presence of self-similarity in
strategic interactions. Judgm. Decis. Mak. 11,
168-173.

Dolbear Jr FT, Lave LB. 1966 Risk orientation as
a predictor in the Prisoner’s Dilemma. J. Conflict
Resolut. 10, 506—515. (doi:10.1177/00220027
6601000409)

Houser D, Schunk D, Winter J. 2010
Distinguishing trust from risk: an anatomy of
the investment game. J. Econ. Behav. Organ.
74, 72-81. (doi:10.1016/j.jeb0.2010.01.002)
Ortmann A, Tichy LK. 1999 Gender differences in
the laboratory: evidence from Prisoner’s Dilemma
games. J. Econ. Behav. Organ. 39, 327-339.
(d0i:10.1016/50167-2681(99)00038-4)

Croson R, Gneezy U. 2009 Gender differences in
preferences. J. Econ. Lit. 47, 448—474. (doi:10.
1257/jel.47.2.448)

Rand DG. 2017 Social dilemma cooperation
(unlike Dictator Game giving) is intuitive

for men as well as women. J. Exp. Soc.
Psychol. 73, 164—168. (doi:10.1016/j.jesp.
2017.06.013)

Rand DG, Peysakhovich A, Kraft-Todd GT,
Newman GE, Wurzbacher 0, Nowak MA, Greene
JD. 2014 Social heuristics shape intuitive
cooperation. Nat. Commun. 5, 3677. (doi:10.
1038/ncomms4677)

Capraro V, Cococcioni G. 2015 Social setting,
intuition and experience in laboratory
experiments interact to shape cooperative
decision-making. Proc. R. Soc. B 282, 20150237.
(doi:10.1098/rspb.2015.0237)

34,

35.

36.

37.

38.

39.

40.

4.

4.

8.

4,

Capraro V, Jordan JJ, Rand DG. 2014 Heuristics
quide the implementation of social preferences
in one-shot Prisoner’s Dilemma experiments.
Sci. Rep. 4, 6790. (doi:10.1038/srep06790)
Fehr E, Fischbacher U. 2003 The nature of
human altruism. Nature 425, 785-791. (doi:10.
1038/nature02043)

Milinski M, Semmann D, Krambeck H)J. 2002
Reputation helps solve the ‘tragedy of the
commons'. Nature 415, 424—426. (doi:10.1038/
415424a)

Open Science Collaboration. 2015 Estimating the
reproducibility of psychological science. Science
349, aac4716. (doi:10.1126/science.aac4716)
Camerer CF et al. 2016 Evaluating replicability of
laboratory experiments in economics. Science
351, 1433 -1436. (doi:10.1126/science.aaf0918)
Camerer CF et al. 2018 Evaluating the
replicability of social science experiments in
Nature and Science between 2010 and 2015.
Nat. Hum. Behav. 2, 637—644. (doi:10.1038/
$41562-018-0399-2)

Faul F, Erdfelder E, Lang AG, Buchner A. 2007
G*Power 3: a flexible statistical power analysis
program for the social, behavioral, and
biomedical sciences. Behav. Res. Methods 39,
175-191. (doi:10.3758/BF03193146)

Greiner B. 2015 Subject pool recruitment
procedures: organizing experiments with ORSEE.
J. Econ. Sci. Assoc. 1, 114—125. (doi:10.1007/
s40881-015-0004-4)

Fischbacher U. 2007 z-Tree: Zurich toolbox for
ready-made economic experiments. Exp. Econ.
10, 171-178. (doi:10.1007/510683-006-9159-4)
Charness G, Rigotti L, Rustichini A. 2016 Social
surplus determines cooperation rates in the
one-shot Prisoner’s Dilemma. Games Econ.
Behav. 100, 113—124. (doi:10.1016/j.geb.2016.
08.010)

Pletzer JL, Balliet D, Joireman J, Kuhlman DM,
Voelpel SC, Van Lange PA. 2018 Social value
orientation, expectations, and cooperation in
social dilemmas: a meta-analysis. Eur. J. Pers.
32, 62-83. (doi:10.1002/per.2139)

Zh1781 '9 s uado 05 -y sosy/jeunol/bioBusygndisaposiefor [y


http://dx.doi.org/10.1007/s10683-010-9257-1
http://dx.doi.org/10.1111/ecoj.12548
http://dx.doi.org/10.1257/jel.20160980
http://dx.doi.org/10.1016/j.biosystems.2009.10.003
http://dx.doi.org/10.1016/j.physrep.2017.05.004
http://dx.doi.org/10.1016/j.physrep.2017.05.004
http://dx.doi.org/10.2307/1914005
http://dx.doi.org/10.2307/1911154
http://dx.doi.org/10.2307/2938166
http://dx.doi.org/10.3389/fphy.2018.00107
http://dx.doi.org/10.1037/h0029849
http://dx.doi.org/10.1037/0022-3514.34.1.69
http://dx.doi.org/10.1037/0022-3514.35.1.1
http://dx.doi.org/10.1016/S0167-2681(99)00078-5
http://dx.doi.org/10.1177/002200276601000409
http://dx.doi.org/10.1177/002200276601000409
http://dx.doi.org/10.1016/j.jebo.2010.01.002
http://dx.doi.org/10.1016/S0167-2681(99)00038-4
http://dx.doi.org/10.1257/jel.47.2.448
http://dx.doi.org/10.1257/jel.47.2.448
http://dx.doi.org/10.1016/j.jesp.2017.06.013
http://dx.doi.org/10.1016/j.jesp.2017.06.013
http://dx.doi.org/10.1038/ncomms4677
http://dx.doi.org/10.1038/ncomms4677
http://dx.doi.org/10.1098/rspb.2015.0237
http://dx.doi.org/10.1038/srep06790
http://dx.doi.org/10.1038/nature02043
http://dx.doi.org/10.1038/nature02043
http://dx.doi.org/10.1038/415424a
http://dx.doi.org/10.1038/415424a
http://dx.doi.org/10.1126/science.aac4716
http://dx.doi.org/10.1126/science.aaf0918
http://dx.doi.org/10.1038/s41562-018-0399-z
http://dx.doi.org/10.1038/s41562-018-0399-z
http://dx.doi.org/10.3758/BF03193146
http://dx.doi.org/10.1007/s40881-015-0004-4
http://dx.doi.org/10.1007/s40881-015-0004-4
http://dx.doi.org/10.1007/s10683-006-9159-4
http://dx.doi.org/10.1016/j.geb.2016.08.010
http://dx.doi.org/10.1016/j.geb.2016.08.010
http://dx.doi.org/10.1002/per.2139

	Cooperation in the Prisoner&rsquo;s Dilemma: an experimental comparison between pure and mixed strategies
	Introduction
	Methods
	Results
	Comparison of treatment means
	Result

	Test for gender differences in beliefs and cooperation
	The relationship between cooperation and beliefs
	Controlling for confounds using OLS regressions

	Conclusion
	Ethics
	Data accessibility
	Authors’ contributions
	Competing interests
	Funding
	Acknowledgements
	References


