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The repeated prisioner’s dilemma is representative of a broad range of situations in interna-
tional security and trade. This article examines the effects of asymmetric noise on the emergence
and maintenance of cooperation under such conditions. The results show that positive and
negative asymmetric noise have very different effects on strategy performance. For forgiving
strategies, positive noise provides a stimulus out of perpetual defection or unsynchronized
retaliations, but also opens them to exploitation. For provocable strategies, negative noise
triggers unsynchronized retaliations or perpetual defection, although this may be tempered by
generosity and contrition. The effects of neutral noise reflects the signature of each asymmetric
noise type. Of the strategies examined, contrite tit-for-tat (CTFT) is generally one of the best
performers in both homogeneous and heterogeneous systems: Moreover, one generally sees the
evolutionary models moving from heterogeneous bilateral interaction to cooperative norms of
behavior, often including or even dominated by CTFT.

The repeated prisoner’s dilemma (RPD) is representative of a broad range
of situations in international relations, both in security and in international
political economy. Of particular interest to international relations theorists is
the evolution of cooperation among states under such conditions. It is often
theoretically informative to construct hypothetical but plausible international
contexts to examine whether cooperation is possible in such contexts and, if
cooperation is possible, also to examine what characteristics of state behavior
are necessary for the emergence and maintenance of that cooperation. Along
these lines, this article examines how international cooperation may emerge
and best be maintained in a world characterized by a “noisy” RPD.
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Studying cooperation requires that one distinguish it from other interna-
tional conditions. Keohane (1984, 51-4) identified three distinct situations:
harmony, cooperation, and discord. Under conditions of harmony, each actor’s
policies automatically facilitate the attainment of the other’s goals. In con-
trast, conditions of discord arise when an actor’s goals are hindered or
rendered unattainable because of the policies of another actor and when that
actor refuses to modify those policies. As Oye (1986, 6) stated, if there is
harmony, there is no need for cooperation, and if deadlock exists, there is no
possibility for cooperation. In seeking to maximize their individual security,
nations are tempted to act deceptively and to cheat. As a result, discord
generally reigns over harmony as the initial result of independent action
(Keohane 1984, 54). However, somewhere in between exist conditions
wherein cooperation may emerge, wherein actors have both conflicting and
complementary interests, and wherein mutually beneficial outcomes do not
follow automatically but neither are rendered unattainable.

The prisoner’s dilemma is a simple but powerful model often used to
analyze the evolution of cooperation under anarchy. It represents an important
problem concerning cooperation: myopic pursuit of self-interest can be
disastrous (or at the very least inefficient), whereas cooperation can lead to
a mutually more beneficial outcome. The story motivating the prisoner’s
dilemma is that two prisoners are being interrogated individually for a crime
in which they took part. The decision each must make is whether to cooperate
with each other by not confessing to the authorities or to defect by “ratting”
on the other. The incentives to cooperate or defect are such that a prisoner
receives the reward payoff R if both cooperate, the punishment payoff P if
both defect, the temptation payoff T if one defects when the other cooperates,
and the sucker’s payoff S if one cooperates when the other defects. Because
the incentives are structured such that 7> R > P> S, in a single-shot game,
each’s myopic self-interest leads to an equilibrium of mutual defection. As
implied earlier, mutual defection is not pareto optimal, and both players
would have done better had they both cooperated. However, the situation is
not necessarily so disappointing under repeated play. If the actors believe
their interaction will continue infinitely into the future or if they believe their
interaction will occur over a finite period of unknown length, but with a high
probability of future interaction, then cooperation may emerge.

Although it has been suggested that games of stag, chicken, and deadlock
predominate in world politics (Axelrod and Keohane 1986, 231), prisoner’s
dilemma situations are not uncommon. In arms-reduction treaty compliance
and nuclear nonproliferation, superpowers must decide whether to cooperate
or defect in their production of additional weapons or establishment of
nuclear arms programs (Downs, Rocke, and Siverson 1986, 128-32; see also
Downs and Rocke 1990). Axelrod (1984, 73) described the “live-and-let-
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live” system in World War I trench warfare in which, because of the static
nature and repeatedness of the interactions, both sides developed a system of
cooperation in which each would aim so as to miss the other—but would
retaliate if the other side aimed to hit. In international trade, two industrial
nations may erect trade barriers to each other’s exports. Both nations have an
incentive to retain their trade barriers, but in doing so, their outcome is worse
than if they had cooperated (Axelrod 1984, 7). Milgrom, North, and Weingast
(1990) showed how the availability of information via the law merchant in
the Champagne Fairs trade system turned single interactions by traders into
what amounted to repeated interactions, which, in turn, led to cooperative
trading.' Conybeare (1986, 152-8) argued that the Anglo-Hanse trade wars
from 1300 to 1700 involved prisoner’s dilemma incentives for the two parties.
And Pahre (1994) took examples surrounding the Marshall Plan to show how
multilateral cooperation may obtain in an iterated prisoner’s dilemma. Thus,
although they may not be the predominant form of interaction, prisoner’s
dilemmas do exist in world politics. Moreover, with the prisoner’s dilemma
model, both political-economic and international security issues may be studied
using the same analytical framework (Axelrod and Keohane 1986, 231).
Over the last decade, research in cooperation theory has increased greatly.
In one of the seminal works in cooperation theory, Axelrod (1984) showed
that a surprisingly simple strategy based on immediate reciprocity outper-
formed all the other strategies submitted for his tournament. This strategy,
tit-for-tat (TFT), starts by cooperating and thereafter plays whatever the
opponent played the last move. According to Axelrod, TFT includes the four
properties that make a decision rule successful: avoiding unnecessary conflict
by cooperating when the other player cooperates, retaliating for unprovoked
defection, forgiveness after retaliating, and clarity of behavior, allowing the
other player to adapt to one’s pattern of behavior (Axelrod 1984, 20).
However, Axelrod (1984) noted that his analysis omitted verbal commu-
nication, direct influences of third parties, problems with implementing a
chosen move, and uncertainty about what the other player did on the previous
move. More recent work has shown that the latter two have dramatic effects
on the performance of TFT. For example, Molander (1985); Downs, Rocke,
and Siverson (1985); and Bendor (1987, 1993) all analytically examined TFT
in a RPD with noise and found that TFT’s performance deteriorates dramati-
cally at even very low noise levels. Molander showed that performance can
be improved by adding unconditional generosity to TFT. This is done by
randomly playing cooperate with probability p and TFT with probability (1 -
p). Because the generosity is not deterministic, Molander suggested this
avoids the pitfalls that make strategies like tit-for-two-tats highly exploit-

1. For an interesting analysis of how noise affects the law merchant institution, see Schwartz
(1993).
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able. Bendor, Kramer, and Stout (1991) conducted a computer tournament in
anoisy RPD and similarly found that TFT performs poorly, whereas generous
strategies are effective. More recently, Wu and Axelrod (1995) conducted a
tournament with 1% noise and found that generosity and contrition help
restore cooperation, contingent on the strategy being faced.

This study differs from the preceding research in two main ways. First, all
prior research incorporating noisy prisoner’s dilemmas has done so using
only neutral noise—that is, disturbances that are symmetric and centered
about zero. In a prisoner’s dilemma, an assumption of neutral noise implies
there is an equal probability that an intended cooperation by one party is
“realized” by the other party as a defection and that an intended defection is
realized as a cooperation. In this study, I analyze the effects of both symmetric
and asymmetric noise on the performance of the strategies employed here.”
I argue that understanding the effects of different noise distributions is
especially important when examining international cooperation, because
many situations of human interaction are more representative of biased noise
environments (especially negatively biased ones) than neutrally noisy envi-
ronments.’ In a negatively biased noise environment, the probability of an
intended cooperation being realized as a defection is higher than the proba-
bility of an intended defection being realized as a cooperation. For example,
the lack of control of bureaucratic administration or the requirements for
congressional approval might cause the failed implementation of an execu-
tive’s intended foreign policy action—but will generally not generate a
cooperative action out of an executive’s intended “defection.” In the disman-
tling of weapons systems or in abiding by treaties, nations have difficulty
verifying commitments and may view their partner’s actions with an inherent
negative bias; witness, for example, the intense perceptual bias of the United
States and the former Soviet Union in dealing with each other. In regional
conflicts, during a mutually beneficial cease-fire, lack of control over factions
in one’s army may result in shelling that is unintended by the regional leaders,
causing the two sides to fall back into retaliations. In international trade,
produce and other goods may be damaged in transit. Finally, although the
results presented in this study may have application across a number of
disciplines, my focus here is on how symmetric and asymmetric noise affect
the prospects for cooperation in international politics. Assuming that policy
makers operate in a boundedly rational world of fairly heterogeneous modes

2. With the exception of Bendor (1993), the literature generally has not differentiated between
implementation and perception errors, combining them into a definition of noise that refers to
any disturbance that causes the perceived move to differ from the intended move. Recognizing
this, I still take the more general approach, leaving the refinement of analyses of asymmetric
perception error and asymmetric implementation error for future research.

3. Throughout this article, I use the terms biased noise environment and asymmetric noise
environment interchangeably.



