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We have recently performed an experiment to test the
emergence of cooperation in the presence of an under-
lying structure1. Human subjects played a Prisoner’s
Dilemma (PD) with each of their neighbors in a 13× 13
square lattice. The results show that the population
consisted of cooperators and defectors, who respectively
cooperate or defect with high probability regardless of
their and their neighbors’ previous actions, and “moody”
conditional cooperators, whose behavior does depend on
those previous actions.
Here we take a first step towards an evolutionary ex-

planation of the aforementioned experimental results.
Specifically, we use replicator dynamics to describe the
evolution of a set of strategies that mimics the observa-
tions, in a simplified context consisting of a well-mixed
population of players confronted in iterated n-player PD
games. We consider three strategies: cooperators (coop-
erate with probability p), defectors (cooperate with prob-
ability 1−p) and “moody” conditional cooperators (they
cooperate with probability pD following a defection, and
with a probability that increases linearly with the number
of cooperating opponents, varying between pC0 and pC1

when none or all neighbors cooperated). Players played
a PD game with each of their m − 1 opponents taking
only one action, either to cooperate (C) or to defect (D),
the action being the same against all the opponents; we
present results for m = 2, 3, and 4.
Denoting by xi, i = 1, 2, 3 the fractions of the three

strategies (x1 + x2 + x3 = 1), the dynamics of xi for the
case of pairwise PD (m = 2) is given by

ẋi = xi

[
(Ax)i − x ·Ax

]
(1)

where A is the payoff matrix, and Aij is the average pay-
off that strategy i yields when confronted to strategy j
in an infinitely long iterated PD. To compute A, we need
to find first for every pair of strategies i, j the probability
that players play X’Y’ in the next round having played
XY in the present round (X, X’, Y, Y’ can be C or D and
the first action listed corresponds to the strategy whose
payoff is computed, the second action being that of its
opponent). This defines a Markov process with transi-
tion matrix M , whose stationary probability is obtained
by solving the equation π = πM , leading to a payoff for
strategy i vs strategy j will be given by2

Aij = RπCC + SπCD + TπDC + PπDD. (2)

Repeating the calculation for all pairs yields A, the payoff
matrix in Eq. (1).
For the cases m = 3, 4, we apply the same procedure,

except that M matrices will now be 8× 8 or 16× 16, re-
spectively, since we now need to calculate the transition

probabilities for all combinations of actions of three or
four players. Thus, for instance, for m = 3 the payoff
matrix will be a tensor of size 3×3×3 and the replicator
equation will be:

ẋi = xi

∑
j,k

Aijkxjxk −
∑
j,k,l

Ajklxjxkxl

 , (3)

and the obvious generalization will hold for m = 4.
For all the group sizes, the dynamics exhibits two at-

tractors: a population consisting only of defectors and an
interior point with population frequencies comparable to
those observed in the experiment. This interior point has
a much larger basin of attraction than full defection, and
thus it becomes the most probable evolutionary outcome
(Fig. 1). While this is the first hint that the experiment
results may be understood from an evolutionary view-
point, more work is needed to ascertain the dependence
of the size of the basis of attraction of the interior point
as the group size increases.
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FIG. 1. Population dynamics for the pairwise PD with de-
fectors D, cooperators C and “moody” conditional coopera-
tors X. Black circles represent the attractors, gray ones are
saddle points and white ones are repellers. Trajectories are
plotted in gray and the arrows show the flow of the dynamics.
The thick solid line is the separatrix between the two basins
of attraction.
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