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Prisoner’s Dilemma on a sizeable network: An experiment with human subjects
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The mechanisms underlying the emergence of cooper-
ation among unrelated individuals are as yet an unsolved
puzzle. Many theoretical models have shown that the ex-
istence of structure in a population can help understand-
ing the widespread emergence of cooperation, particular-
ly in the framework of the Prisoner’s Dilemma (PD), but
the results of these models largely depend on details such
as the type of spatial structure or the evolutionary dy-
namics. Therefore, experimental work suitably designed
to address this question is needed to probe these issues.

We have designed an experiment to test the emergence
of cooperation when humans play PD on a network whose
size is comparable to that of simulations1. In our exper-
iment, volunteers played a PD game with each of their
eight neighbors taking only one action, either to cooper-
ate (C) or to defect (D), the action being the same against
all the opponents. The resulting payoff was calculated
by adding all eight interaction payoffs. Payoffs of the PD
game were set to be 7 cents for mutual cooperation, 10
cents for a defector facing a cooperator, and 0 cents for
any player facing a defector (i.e., the same weak PD set-
up of Nowak and May2). The full experiment consisted
of three parts: experiment 1, control, and experiment 2.
In experiment 1 players remained at the same positions
in the lattice with the same neighbors throughout the
experiment. In the control part we removed the effect of
the lattice by shuffling players every round. Finally, in
experiment 2 players were again fixed on a lattice, albeit
different from that of experiment 1.

We find that the cooperation level declines to an
asymptotic state with low but nonzero cooperation (Fig.
1). Regarding players’ behavior, we observe that the pop-
ulation is heterogeneous, consisting of a high percentage
of defectors, a smaller one of cooperators, and a large
group that shares features of the conditional cooperators
of public goods games, except that the players are not
influenced only by how much cooperation they observe
but also by how they themselves behaved in the previous
round (Fig. 2). We propose an agent-based model based
on the coexistence of these different strategies that is in
good agreement with all the experimental observations.

The large size of our experimental setup and the da-
ta analysis allow us to answer two important questions.
First, we have observed that the existence of a lattice
giving structure to a population playing a PD does not
lead to an increase of the cooperation level; the residual
level is around 20% which is typical in public goods ex-
periments and has also been observed on 4×4 lattices3.
Second, regarding the manner in which people update
their strategies, we have not found evidence in favor of
imitate-the-best behavior. Our findings also indicate that

both heterogeneity and a “moody” conditional coopera-
tion strategy, in which the probability of cooperating also
depends on the player’s previous action, are required to
understand the outcome of the experiment. These results
could impact the way game theory on graphs is used to
model human interactions in structured groups.
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Figura 1. Fraction of cooperators in every round of the
three parts of the experiment. The cooperation level declines
to a low but non-zero level.
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Figura 2. “Moody” conditional cooperators. Probabilities
of cooperating after playing C or D, conditioned to the con-
text (number of cooperators in the previous round).
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