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The assumption of self-interested behavior makes it difficult to explain cooperation among
strangers. Economics experiments and game-theoretic analyses suggest that cooperation can
arise from a willingness to punish noncooperative behavior, even at personal cost. Such
behavior is often based on the notion that people who punish noncooperators value
cooperation in itself. We show, by contrast, that people who like to cheat but also punish
other cheaters – people who are Unpleasant, but who also have a strategic desire to avoid being
punished themselves – can form the basis for widespread, even complete cooperation in
society. Ultimately, such Unpleasant but strategic types can create conditions where all
cooperate even though everyone would prefer to cheat.
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1. Introduction

Cooperation is difficult. Even if people want to treat each other fairly, collective dilemmas abound. Standard rationales for
cooperation, such as small-group dynamics (Olson, 1965), repeat play (Axelrod, 1984), and reciprocity (Boyd et al., 2003), do not
apply to the kind of everyday cooperationwe see where people interact, generally without conflict, with others whom they do not
know and have no reason to expect to see again. As long as some people are willing to deviate from whatever behaviors are
perceived as cooperative—that is, to cheat—cooperation cannot survive without some enforcement mechanism. Cheaters are not
necessarily “bad and ever ready to display their vicious nature,” as Machiavelli (1940 [1531]) characterized people nearly
500 years ago, but they do take advantage of others who might prefer cooperation over competition and conflict. That people can
and do cooperate is clear; but how does cooperation survive in the face of pervasive self-interest and the concomitant ubiquity of
collective dilemmas? One solution is government-centralized enforcement of generally understood rules.1 This approach is
extensively pursued in the literature, noting that when institutions are well designed, moral values and behavior are permitted to
thrive, and cooperation becomes popular, but when they are poor, then corruption and decadence can take over (see Economides
and Egger, 2009). An alternative solution for many types of collective action problems is decentralized enforcement: if enough
individuals are willing to punish cheaters, even at a cost to themselves, cooperation can endure.
ax: +358 3 3551 6980.

1), Flack et al. (2005a,b), (2006), North (1990) Sieberg (2005).
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That individuals should be willing to bear costs in order to punish cheating behavior is in itself problematic. Evidence from
economics experiments2 as well as casual observation suggests that such punishment occurs (at least when the stakes are low;
Henrich, 2000); that said, paying costs to punish is irrational when the benefits are dispersed throughout society. Typically,
scholars assume that some actors value cooperation enough to punish noncooperators.3 Along these lines, Grossman and Kim
(2000) show that in a society of “moral” (producer) and “amoral” (predator) types, if amoral players consume more than their
moral counterpoints, then in future generations, moral decay will prevail, and society will reach a minimum of consumption. To
rise from this state, they introduce a “joy factor” that increases the utility of participants in a moral revival. If the added joy factor
sufficiently increases the utility from being moral, then society can experience a moral revival, in which morality will increase.
Their model is consistent with the idea that morality, or cooperative, non-predatory behavior, must be valued in and of itself to
yield cooperation. Alternatively, Heller and Sieberg (2008) show using evolutionary game theory that Fair players who do not
themselves punish cheaters can survive in a population of cheaters, as long as some cheaters also are punishers.

InHeller and Sieberg's (2008) analysis, actors behave according to type—Fair, cheating, or Unpleasant (who both cheat and punish
other cheaters). These ‘types’ follow JohnMaynard Smith's pioneeringwork in evolutionary game theory, in that a player's behavior is
constrained by his or her type. For example, Maynard Smith (1982, 11) describes the behavior of Hawks and Doves in confrontations
with their own type or with each other. Hawks behave aggressively, whereas Doves are less aggressive. This example extends to
human behavior, where those labeled “Hawks” or “Doves”will behave according to type, regardless of payoff. In Heller and Sieberg's
example, Fair players always play Fair regardless of opportunities to cheat. Cheaters always cheat, even if doing so hurts them, and
Unpleasant players always attempt to cheat and punish Cheaters or other Unpleasant players even if punishing is costly to them.

Surprisingly, despite their nature, Unpleasant players turn out to be functional for society by creating the conditions for the
survival of cooperation, even though they do not themselves value cooperation. In this paper we add a new dimension to Heller
and Sieberg's argument by modifying their Unpleasant player to account for strategic behavior. This player, the Strategic
Unpleasant (SU) player evinces Unpleasant behavior (i.e., punishes cheaters), but also behaves cooperatively if the probability of
being punished for cheating (that is, of meeting upwith another Unpleasant player, whether strategic or not) is sufficiently high. In
no case do we hypothesize punishing behavior as a response to outside instigation (cf., Berentsen et al., 2008). We show that the
presence of these SU players also makes cooperation possible, even when no one in society wants to play Fair.

There is an extensive body of literature and experimental research into the foundations of cooperation among humans.Much of this
literature centers on the role that altruistic members play in producing and maintaining cooperation in society. We contribute to this
literature by extending Heller and Sieberg's (2008) result that cooperation need not emerge from altruistic behavior alone.We do so by
introducing thepotential for someof theUnpleasantplayers touse strategic behavior, in effect acting “Fair” in order to avoidpunishment
fromother Unpleasant types. This type of player is not a true Fair player in that shewill in fact attempt to cheat otherswhenever shehas
the opportunity to do sowith impunity. Rather, she represents thenotion of “honor among thieves”: even themost hardened criminal, if
rational, will observe the law (or other norms of cooperation) if the expected punishment for transgression is sufficiently high.

Many analyses of criminal behavior (see, e.g., Becker, 1968; Sieberg, 2005) note that criminals frequently are strategic and will
avoid committing certain crimes if they believe they are likely to be caught. Such self-control does not mean they have reformed;
rather they simply choose to commit their crimes at a different time or place. Our Strategically Unpleasant player is similar. She
wants to cheat and will do so when the circumstances are favorable, but will behave fairly if the risk of being punished is high
enough. Interestingly, the presence of this type of player not only makes Fair behavior a possibility, but over time it also can make
fair play the observed societal norm.

Building on the criminal analogy, several researchers (Sieberg, 2005; Olson, 2000; Skaperdas, 2001) have noted the ability of
mafia groups to provide cooperation in a given area. Generally, these analyses portray this cooperation production in the form of
protection or contract enforcement services. In a parallel to our argument, themafia punishes thosewho fail to cooperate. Themafia
provides these services in order tomaximize productivity, and hence themafias rent from the society in question. Thus playerswho
are not themselves inclined to obey the law can bring about cooperative behavior. Themafia's ability to provide the services derives
largely from its power, size, and resources. Our result, in contrast, does not rely on group size or power. Instead, we show that
individual Strategic Unpleasant players can enter a group of Cheaters and Unpleasant players and eventually dominate it.

In the next section, we build on the finding that the willingness to punish noncooperative behavior need not imply defense of
cooperation as a closely held value (Heller and Sieberg 2008) to show that strategic behavior on the part of individuals who are in
all respects unpleasant can lead to widespread—even universal—cooperation. The third section comprises a discussion of the
consequences of constraints on players' ability to behave strategically. The final section concludes.

2. Modeling strategic cooperation

2.1. Players and payoffs

Previous analyses of the survival of cooperation in human society begin with the assumption that at least some people are by
nature Fair. We show that it is possible for cooperation to emerge even in a society where everyone prefers to cheat others, as long
2 See, e.g., Axelrod (1984), Bowles and Gintis (2002), Boyd and Richerson (1992), Ensminger (2004), Fehr and Gächter (2000, 2002), Fehr and Rockenbach
(2003), Henrich and Boyd (2001), Henrich et al. (2001).

3 See, e.g., Boyd et al. (2003), Boyd and Richerson (1992), Fehr and Fischbacher (2003), Fehr et al. (2002), Fehr and Gächter (2000, 2002), Fehr and Henrich
(2003), Fehr and Schmidt (1999), Fowler (2005), Henrich (2004), Ostrom et al. (1992).
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4 Again, we highlight that these players follow Maynard Smith (1982) in that they are constrained by their type: a Cheater will cheat even if doing so i
detrimental to him. This does not complete match human behavior, but we use this analysis to maintain consistency with that used by Maynard Smith.

5 The rules governing this class of day-to-day cooperation vary widely, as anyone who has driven in different cities or countries can attest. Cooperation exist
even on the streets of Boston or Mexico City, however—people make it home for dinner and near misses far outnumber accidents—even though it might not be
obvious to an outsider.

6 The probability of inflicting punishment might depend on the possibility of retaliation on the part of the punished player. We explore the implications o
allowing punished players to retaliate in a separate paper.

7 Note, a Cheater type may make a strong attempt to cheat an Unpleasant player. In this example, the Cheater type could even momentarily get in front of the
Unpleasant player in the line. The Unpleasant player will, however, move that player back, and will inflict punishment. Thus, although the attempt to cheat ha
been made, it has not succeeded — the player does not remain in front of the Unpleasant player.

8 In specifying the model in a linear, or sequential, fashion, we approach the issue of cheating in a different manner than that used in symmetric cases such a
the prisoner's dilemma. In our model, players cannot cheat each other simultaneously. Rather, a player can attempt to cheat the player she approaches, who in
turn might punish her if she does so. This linear or sequential specification is distinct from symmetric games like the Prisoner's Dilemma. Consequently, ou
model captures asymmetric cheating and punishing behavior that the PD does not.

Table 1
Basic notation and parameter limits.

α∈ [0, 1) Payoff to fair player meeting fair player (baseline)
1 Payoff to cheating player
β, βbα Cost of being cheated
ϕ Cost of punishing
γ, γNβ, 1−γbα, ϕbγ Cost of being punished
q∈(0,1) Probability that a SU player plays fair
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as two conditions hold. First, some cheaters must also be Unpleasant players who cheat and punish other players who cheat;
and second, some Unpleasant players also must want to avoid being punished for cheating and be capable of strategically
cooperating—playing Fair—when the probability of meeting another Unpleasant player is high.We thus begin with a population of
three distinct types: pure Cheaters (C), pure Unpleasant players (U), and Strategic Unpleasant players (SU).

Following Heller and Sieberg (2008), players do not know in advance the type that they approach. Types are only revealed
when the players interact. Players behave as follows: Cheaters can be cheated and always cheat or at least attempt to cheat any
player with whom they interact. Unpleasant players always attempt to cheat, but also will punish any player who attempts to
cheat them. They cannot be cheated, because they punish players who attempt to cheat them before the cheating yields results.4

Strategic Unpleasant players differ from Unpleasant players only in that they canmodify their behavior in response to their beliefs
about the proportion of other punishing types (that is, U or SU players) in the population. If a SU player believes that she is likely to
meet another U or SU type, she can mimic Fair behavior in order to avoid punishment. (For discussion of what happens with Fair
types, who can be cheated but neither cheat nor punish cheaters, see Heller and Sieberg, 2008.)

Consider the kind of everyday activities that require cooperation, but that do not amount to collective action except in a
minimal sense. Such quotidian activities as driving on public roads, walking in crowded hallways, or buying tickets for a popular
showwould be chaotic at best if people did not evince at least some consideration for the effect of their behavior on others.5 When
people do not cooperate, at least in the sense of trying not to get in each other's way, problems arise. Heller and Sieberg (2008) use
the example of drivers on a crowded but not jammed freeway to show the effects of Fair, Cheaters and Unpleasant players on
overall cooperation. In this example, Unpleasant players can see Cheater types approaching, and cheating other players, and will
deter an attempt to cheat by blocking that player from passing. Another example is behavior while standing in line. Here, a Fair
player waits his turn. A Cheater will attempt to cut in front of other players. An Unpleasant player will do the same but will stop
any other player from moving in front of him and in so doing will inflict verbal or physical punishment on that player.6,7 A SU
player will also stop and punish any attempts at cheating. She wishes to cheat but will occasionally refrain from doing so to avoid
potential punishment from other U or SU players.8

We define the payoff to each individual when everyone is playing fair as α∈ [0,1). A Cheater—someone who cuts in line—
moves at least as fast and probably faster than others. We normalize the payoff from attempted cheating to 1. Before taking other
factors (costs of being cheated or costs of punishment) into account, we assume that the Cheater has a higher overall payoff than
the Fair player as a result of his/her more aggressive behavior. If β is the cost of being cheated—e.g., the time lost from having
someonemove in front in line, rather thanwaiting his/her own turn—then the payoffs when two C players meet are 1 and 1−β, as
when one Cheater cuts in front of the other: a player can cheat or be cheated, but not both. We assume that Unpleasant players,
unlike pure Cheaters, cannot be cheated. Rather, like a personwho stops and challenges someonewho tries to cut in front of him, U
players pay a cost, ϕ, every time they punish another player, who consequently pays γ. (Table 1 summarizes our basic notation
and the relative values of key parameters.)

Table 1 includes a few key assumptions. We assume that 1−γbα, or that punishment is sufficiently costly that it is better to
behave like a Fair player and receive the corresponding payoff than to cheat and be punished. Similarly, we assume that the cost of
being punished is higher than the cost of being cheated (so γNβ), and that it is less costly to punish than to be punished (ϕbγ).
These assumptions rule out cases where punishment is excessively costly and yet fails to deter. Although this situation can exist,
the results are straightforward — cheating will prevail. Instead, we focus on the more interesting cases where punishment is
possible and potentially can deter cheating.
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Table 2
Payoff matrix with three player types.

Payoff to When meeting population of

C U SU

C 2−β
2

2−γ−β
2

2−γ−β + qβ
2

U
2−ϕ
2

2−ϕ−γ
2

2−γ−ϕ + qϕ
2

SU
2−ϕ + αq−q

2
2−γ + qð−1 + α + γÞ−ϕ

2
2−ϕ−γ + qðϕ−1 + α + γÞ

2
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Bringing SU players into the mix changes the dynamics. Like their pure-U counterparts, SU players always punish cheaters.9

Unlike pure-U players, however, SU players are increasingly likely to cooperate—hence neither reaping the rewards of cheating
nor suffering the consequences of punishment—as their expectation of the probability of meeting another U or SU player increases.
The SU player chooses an action based on her estimation of the type she is approaching. If it is likely that this player is a punishing
type (U or SU), then the SU player will be less likely to cheat. The probability q∈(0,1) of SU evincing Fair behavior reflects her
assessment of the distribution of punishing types in the population. Note that this assessment need not be perfectly accurate;10

rather, it is a close but imperfect reflection of the proportion of punishers in the population.11 To extend our example, a person
might be less ready to cut in front of another person waiting in line in Brooklyn, New York, than in a wealthy suburb.

SU players bear a strong resemblance to the Fair Punishing (FP) players who dominate the literature on cooperation, with one
distinct difference. In a population of punishing types, SU and FP players behave similarly. The difference becomes clear when a SU
player believes the likelihood of meeting a non-punishing player is high. Unlike the FP player, a SU player will cheat these types
with impunity and earn a higher payoff than the FP player would obtain. The payoffs that different player types get when
interacting with each other are shown in Table 2 and detailed below.12

2.2. Payoffs to a single player in a population of C players

• A C player in a population of C players can expect to cheat half the time, receiving a payoff of 1. The other half of the time he can
expect to be cheated, receiving a payoff of 1−β. His expected payoff thus is 1

2 + 1
2 ð1−βÞ = 2−β

2 .
• AU player in a population of C players can expect to cheat half the time, receiving a payoff of 1. Half of the time he can expect that
a C player will try (and fail) to cheat him, moving him to punish the C player and receive a payoff of 1−ϕ. Thus his expected
payoff is 1

2 + 1
2 ð1−ϕÞ = 2−ϕ

2 .
• A SU player in a population of C players has the opportunity to cheat half the time, but will nonetheless play Fair and receive a
payoff of α for a proportion q of those opportunities; he will cheat for the remaining 1−q of those opportunities, receiving a
payoff of 1. The other half of the time, some C player will attempt to cheat the SU player, who punishes each such attempt and
receives a payoff of 1−ϕ. Her expected payoff thus is 1

2 ðαq + ð1−qÞÞ + 1
2 ð1−ϕÞ = 2−ϕ + αq−q

2 .

2.3. Payoffs to a single player in a population of SU players

• A C player in a population of SU players will attempt to cheat half the time, eliciting punishment and yielding a payoff of 1−γ.
Half of the time some SU player will be in a position to cheat him and can be expected to do so 1−q of those times, yielding a
payoff of 1−β for the Cheater. SU players can be expected to play Fair the remaining q of the times that they could cheat, giving
the Cheater a payoff of 1. The expected payoff to the C player thus is 1

2 ð1−γÞ + 1
2 ðð1−qÞð1−βÞ + qÞ = 2−γ−β + qβ

2 .
• A U player in a population of SU players can be expected to try to cheat half the time, in which case he will be punished and
receive a payoff of 1−γ. SU players can be expected to try cheat him 1−q of the remaining time, leading him to punish the SU
player and giving him a payoff of 1−ϕ. For a fraction q of the remaining time the SU player will play Fair, yielding the U player a
payoff of 1. The U player's expected payoff thus is 1

2 ð1−γÞ + 1
2 ðð1−qÞð1−ϕÞ + qÞ = 2−γ−ϕ + qϕ

2 .
• A SU player meeting a population of SU players can expect to be in position to choose between trying to cheat and pretending to
be Fair half the time. In that case, she will try to cheat a fraction 1−q of the time, eliciting punishment from the other SU player
and obtaining a payoff of 1−γ. For the q of the time that she plays Fair, she receives α. She can expect to be the target of attempts
to cheat 1−q of the remaining time, leading her to exact punishment and receive a payoff of 1−ϕ. Other SU players will play
Fair q of the remaining time, giving her a payoff of 1. The expected payoff is 1

2 ðð1−qÞð1−γÞ + qαÞ + 1
2 ðð1−qÞð1−ϕÞ + qÞ =

2−ϕ−γ + qðϕ−1 + α + γÞ
2 :
9 Here we follow Heller and Sieberg (2008) in assuming that U players cannot be cheated. Half the time they stop and punish cheaters (U or C), and half the
time they have the opportunity to attempt to cheat (or to be punished). Heller and Sieberg (2008) provide an appendix with a more complicated model that
allows U players both to be cheated and to punish simultaneously.
10 In contrast, in his Hawk–Dove game Maynard Smith (1982, 18) posits a “Retaliator,” who can recognize different types and play differently against them.
11 In a perfect world, q would equal the SU player's belief about the proportion of punishers in the population, which in turn would equal the actual proportion.
In the imperfect world in which we live and that we seek to model, however, q can deviate from both expectations and reality.
12 We do not include F or FP players in our analysis here. We have treated Fair players—and the details of C–U interactions—elsewhere (Heller and Sieberg,
2008); for their part, under certain conditions FP players are, as noted, indistinguishable from SU players.
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2.4. Payoffs to a single player in a population of U players

• A C player in a population of U players can expect to try to cheat half the time and to be in a position to be cheated the other half
of the time. Attempting to cheat yields a payoff of 1−γ, while being the victim of cheating yields a payoff of 1−β. The expected

payoff to the C player in a population of U players thus is
2−γ−β

2
.

• AU player in a population of U players can be expected to try to cheat half the time, in which case hewill be punished and receive
a payoff of 1−γ. Other U players can be expected to try to cheat him the rest of the time, leading him to punish cheaters and

giving him a payoff of 1−ϕ. The payoff to each player in a pure-U population thus is
2−ϕ−γ

2
.

• A SU player in a population of U players can expect to be in a position to choose between cheating and playing Fair half the time.
In the remaining time, she can expect to face U players who attempt to cheat her. In the former case, the SU player will try to
cheat and be punished by the U player 1−q of the time, yielding a payoff of 1−γ. When she plays Fair, q of the time, she receives
the fair payoff, α. In the latter case, the SU punishes U players' attempts to cheat, each time receiving a payoff of 1−ϕ. Hence, the
SU player's expected payoff is: 1

2 ðð1−qÞð1−γÞ + qαÞ + 1
2 ð1−ϕÞ = 2−γ + qð−1 + α + γÞ−ϕ

2 .

3. Evolutionary Stable Strategies and resulting populations

Of the three actor types we have defined—C, U, and SU—none would “cooperate” and play Fair with their fellows if they could
get away with cheating. Of the three types, only SU players even have the option of cooperating. Is it nonetheless reasonable to
expect to observe fair behavior emerging and surviving as an evolutionarily stable strategy (ESS)?

Maynard Smith (1982, 10) defines an evolutionarily stable strategy as “a strategy such that, if all the members of a population
adopt it, then no mutant strategy could invade the population under the influence of natural selection.” More formally, if I is a
stable strategy, either
13 If th

Pleas
unpl
EðI; IÞ N Eð J; IÞ; or

EðI; IÞ = Eð J; IÞ and EðI; JÞ N EðJ; JÞ for all J≠I ðMaynard Smith;1982;14Þ
In what follows, we investigate the possibility of Fair play in a population without Fair players by analyzing the possibility that
local equilibria that include Fair play might emerge. We then show how to connect this information to dynamic a global story to
understand how interactions among local equilibria can create global equilibria.

Proposition 1. Fair play through SU behavior can be an ESS.

In order for Fair play to emerge as a consequence of strategic cooperation by SU players, SU players must do better among their
own type than either pure-U or pure-C players. For this to be the case, the following two conditions must hold:13
Condition1 :
2−ϕ−γ + qðϕ−1 + α + γÞ

2
N

2−γ−ϕ + qϕ
2

Condition2 :
2−ϕ−γ + qðϕ−1 + α + γÞ

2
N

2−γ−β + qβ
2

:

Condition 1 holds if q(α+γ−1)N0. This simplifies to αN1−γ, which is one of the given constraints on γ and implies that
Condition 1 holds for any probability q that a given SU players will evince Fair behavior. The underlying intuition of Condition 1 is
straightforward and reasonable: in order for strategically cooperative punishing behavior to survive, it must yield a higher payoff
than cheating and being punished.

Condition 2 reduces, with a little algebra, to β+q(−1+α+γ+ϕ)Nqβ+ϕ, which obtains as long as q is sufficiently large—
specifically, q N ϕ−β

α + γ + ϕ−β−1. Whether Condition 2 holds therefore depends on the relative values of the parameters. If ϕNβ, for
example, then numerator and denominator both are positive (since by assumption α+γ−1N0), and the entire fraction is less
than 1. Given that q increases with the probability of punishment for cheating, it should be quite high (essentially 1) in the all-SU
population contemplated in Conditions 1 and 2 above. Condition 2 should hold, therefore, under reasonable conditions.

If ϕbβ, by contrast, the numerator is negative, but the denominator can be either negative (if |ϕ−β|Nα+γ−1) or positive
(if |ϕ−β|bα+γ−1). In the latter case, the right-hand side of the inequality is negative, making fair play reasonable for any
value of qN0; in the former case, the entire fraction remains positive, and q again must be relatively large. (Note that q cannot be
greater than 1, which implies that if the entire fraction is positive then it must be the case that ϕ−βbϕ+γ−1+α−β. This
condition holds nicely because α+γN1 by assumption, so it follows straightforwardly that 0bγ+α−1). It is therefore possible
to see fair behavior emerge strategically despite the complete absence of dedicated (or, depending on one's perspective, naïve)
Fair players in the population.
ese conditions did not hold, an ESS could still be the case if E(I, I=E(J, I) and E(I, J)NE(J, J).
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Table 3
Population proportions and payoffs in a C–SU mix.

Payoff to 1−p p

When meeting population of

C SU

C 2−β
2

2−γ−β + qβ
2

SU
2−ϕ + αq−q

2
2−ϕ−γ + qðϕ−1 + α + γÞ

2

6 W.B. Heller, K.K. Sieberg / European Journal of Political Economy xxx (2009) xxx–xxx

ARTICLE IN PRESS
The potential for Fair play to emerge in the form of a Strategic Unpleasant ESS is noteworthy, but not exceptional, since the
players in a pure-SU population essentially are observationally equivalent to FP players.14 Literature on cooperation has long
established the role that Fair Punishers play in establishing and maintaining cooperation.15 Thus, to distinguish our Strategically
Unpleasant players from Fair Punishing players, we explore their behavior in groups of other player types. To this end, it could be
that the pure Strategic Unpleasant ESS need not be the sole possible ESS. For our purposes, the more interesting question is
whether SU players can contribute to an ESS that includes fair behavior in a population that includes C or pure-U players, who of
course never cooperate. We begin by looking at the possibility of an ESS with a mix of SU and U or SU and C players. Intuitively, fair
play should be less common in a population of C and SU players, and relatively more common in a population of pure-U and SU
players.

Proposition 2. A mixed C–SU population can be an ESS.

To see if an ESS with a mix of C and SU players is possible, we calculate the population proportions of the two player types.
Formally, if p is the population proportion of SU players and 1−p is the proportion of C players, as shown in Table 3, then a C–SU
mix can be an ESS if 2−β

2 ð1−pÞ + 2−γ−β + qβ
2 p = 2−ϕ + αq−q

2 ð1−pÞ + 2−ϕ−γ + qðϕ−1 + α + γÞ
2 p—that is, if p→ qð1−αÞ−β + ϕ

qðγ + ϕ−βÞ .
Recall that q derives from the SU player's beliefs about the probability of meeting a punishing type. Setting for simplicity q=p,

where p is the population proportion of punishing types (that is, U and SU players combined), we have (ϕ+α–β)p2+(α−1)p+
β−ϕ=0. Using the quadratic equation, we can find positive values for p, indicating that a population equilibrium that includes
both C and SU players is feasible.16

Proposition 3. A mix of U–SU players is not an ESS.

Table 4 shows the payoffs for a mix of U and SU players. Formally, there could be a U–SU ESS only if 2−ϕ−γ
2 ð1−pÞ +

2−γ−ϕ + qϕ
2 p = 2−γ + qð−1 + α + γÞ−ϕ

2 ð1−pÞ + 2−ϕ−γ + qðϕ−1 + α + γÞ
2 p, which does not hold. Hence, a population comprising a

stable combination of Unpleasant and Strategic Unpleasant players is impossible.

4. Graphic representation of ESS dynamics

Having solved the potential for mixed strategy equilibria for population mixes of two player types, we now turn to the
dynamics in the general population. In particular, we address the potential for populations to be invaded by other players. To this
end, we use dynamicmethods to determinewhether a population of three player typesmight have one ormore internal equilibria.
The benefit of our method (which we draw from Saari, 2002) is that it both provides an intuitive perspective on population
equilibria and allows a depth of analysis that is inaccessible through the standardmathematical approach. Tables 3 and 4 show the
payoffs to such invaders compared with the payoffs members of the respective populations. The payoff to a C player in a
population of C players, for example, is

2−β
2

, while the payoff to a sole SU player in the same population is
2−ϕ + αq−q

2
. A SU

player will thrive in a C population only if ϕ+q(1−α)bβ, which certainly will be the case if the cost of punishing is lower than the
cost of being cheated and if q is sufficiently small—again, a condition that is likely to be obtained given that the likelihood that a
sole SU player in an otherwise all-C population would be punished for cheating is nil. Recall that the SU player chooses a mixed
strategy q of mimicking Fair Punishing behavior and 1−q of behaving as an Unpleasant behavior based on the likelihood of
meeting another SU or U player. In a pure-C population, then, the SU player has no reason to evince Fairness, and q will be very
close to 0. In this case, SU players can invade a Cheating population. It is important to note that they do so not by playing Fair, but
rather by behaving as pure-U players who both punish and cheat when they can. This distinction, again, highlights a key difference
14 This result also reflects intuition from the Folk Theorem. Our divergence is that we specifically assume away pure Fair players, and instead start with a
population of cheater types. Another divergence, as highlighted in a previous note, is that our model is asymmetric and sequential. Because the structure of the
model differs from models such as the PD, we must expect many results to differ as well.
15 See, e.g., Boyd and Richerson (1992), Boyd et al. (2003), Camerer and Fehr (2006), Fehr and Fischbacher (2003), Fehr et al. (2002), Fehr and Gächter (2000),
Fehr and Henrich (2003), Fehr and Schmidt (1999), Fowler (2005), Hibbing and Alford (2004), Henrich (2004), Ostrom et al. (1992), Sigmund and Nowak
(2000).
16 See Appendix A for details.
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Fig. 1. Graphic depiction of population proportions in a SU–C mix.

Table 4
Population proportions and payoffs in a U–SU mix.

Payoff to 1−p p

When meeting population of

U SU

U 2−ϕ−γ
2

2−γ−ϕ + qϕ
2

SU
2−γ + qð−1 + α + γÞ−ϕ

2
2−ϕ−γ + qðϕ−1 + α + γÞ

2
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in behavior between our Strategic Unpleasant players and the Fair Punisher players that thrive in the literature. As for a pure-SU
population (where SU players do look like Fair Punishers), we already have established that it is an ESS and hence is not vulnerable
to invasion by Cheaters.

Fig. 1 depicts the intuition behind the above discussion of Table 3. Consider a population of C and SU players, anchored at the
extremes by homogeneous populations of only one type of player. The line in Fig. 1 represents the range of all possible
combinations of C and SU players, with a pure-SU population at the extreme left and a pure-C population at the extreme right. The
arrows indicate which type fares best overall in interactions with other players, for the population proportions defined by the
point in question. They point toward the SU end of the population continuum. Together with the gray arrows, the white arrows
indicate whether the pure-type populations are stable: white and gray arrows pointing in opposite directions indicate equilibria; a
white arrow pointing away from a gray arrow indicates an unstable equilibrium (a repellor), and a white arrow pointing toward a
gray arrow indicates a stable (attractor) equilibrium. (That they are white rather than gray simply shows that they are at—and
outside—an endpoint or, in the case of the population simplex in Figs. 2 and 3, a vertex.)

The interesting aspect to this diagram is in the mixed equilibrium (depicted here near the center). As noted, a pure-C
population is subject to invasion from SU players, but we can have an equilibriummix of the player types. In this case, because the
players do not know in advancewhich player type theywill approach, SU playersmay inadvertently try to cheat each other, and be
punished, or may accidentally play Fair when approaching a Cheater. Thus, Cheaters can persist. This mix constitutes a relatively
fragile equilibrium, however; a subtle initial shift in relative population proportions can lead to collapse to a pure-SU population.

Another question of interest concerns the ability for either of U or SU player types to invade the other. As can be seen in Table 4,

the payoffs to U and SU players in an otherwise pure-U population are
2−ϕ−γ

2
and

2−γ + qð−1 + α + γÞ−ϕ
2

, respectively. A

little algebraic manipulation yields qα+qγ−qN0, which implies that a small number of SU players can invade a population of U
players. At the SU end of the line, U players could invade if 2–γ−ϕ+qϕN2–γ−ϕ+q(ϕ−1+α+γ), which—since, as per the
definitions given in Table 1, α+γN1—does not hold. If we were to draw a figure for the U–SU line analogous to Fig. 1, all arrows
would point toward the SU end, indicating that there is no mixed equilibrium.

Heller and Sieberg (2008) have shown that no mix is possible between C and U players (with the population collapsing to C, in
the unlikely event that ϕNβ, or to U if βNϕ. These dynamics, combined with the above results, are shown in Fig. 2, where each leg
of the triangle represents the range of possible population proportions of the types anchored at the vertices. The arrows at each
vertex are based on the above calculations, where arrows pointing towards a vertex (inwards) represent that that particular type
will dominate in a population of the two groups, as shown in Fig. 1. Arrows pointing away from a vertex depict the opposite, that
that type can be invaded by the other type. Any point not at a vertex on one of the sides of the triangle represents a mix of the two
player types. Any point inside the triangle represents a mix of all three types. The benefit to this type of analysis is that it extends
our understanding of how the system can evolve. The above equations yield results for local equilibria. A dynamic depiction uses
the local information to provide intuition for global dynamics, as described below.

Fig. 2 illustrates the population equilibria for combinations of two player types that we have identified, but in a three player-
type context. Three points are immediately worth noting. First, SU players clearly dominate the other two types, at least insofar as
theirs is the only type that is not vulnerable to invasion by one of the others. Second, the possibility of a C–SU mix, combined with
U players' dominance of C players, and SU players' dominance of U players hints at the possibility of other population mixes away
from the sides of the simplex. And third, in the event that the population settles at the pure-SU vertex, the observation is that most
players will cooperate most of the time—in short, in a world populated by Unpleasant types who play Fair only when it is in their
individual interest to do so, Fair play reigns.

Of course, in a polymorphic ESS with all three player types as hinted to above, Fair play exists, but so also does punishment and
cheating. We explore the possibility of internal equilibria using traditional evolutionary game theory in tandem with a more
qualitative approach. We begin with the traditional analysis.

http://dx.doi.org/10.1016/j.ejpoleco.2009.11.006


Fig. 2. Population simplex for Cheating, Unpleasant, and Strategic Unpleasant types.
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A mix of all three population types can be an ESS if there is some combination of types in proportions such that the expected
payoffs for Cheaters are the same as the expected payoffs for Unpleasant and Strategic Unpleasant types. To calculate players'
expected utilities, let p1 be the fraction of SU players in the population and p2 be the fraction of Unpleasant players. That leaves
Cheaters as the residual category, making up 1−p1−p2 of the population. If p1, p2 and 1−p1−p2 all are positive, then an ESS of
all three player types is possible.

Proposition 4. A stable polymorphic ESS of C, U, and SU is possible.
Fig. 3. Population simplex internal dynamics.
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Table 5
Population proportions and payoffs for three player types.

Payoff to 1−p1−p2 p2 p1

When meeting population of

C U SU

C 2−β
2

2−γ−β
2

2−γ−β + qβ
2

U
2−ϕ
2

2−ϕ−γ
2

2−γ−ϕ + qϕ
2

SU
2−ϕ + αq−q

2
2−γ + qð−1 + α + γÞ−ϕ

2
2−ϕ−γ + qðϕ−1 + α + γÞ

2
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Table 5 shows the payoffs for all three player types. In order for an equilibrium to exist, it must be possible to set the payoffs for
the different player types, takingpopulationproportions into account, to be equal. Hence, itmust be the case that 2−β

2 ð1−p1−p2Þ +
2−γ−β

2 p2 + 2−γ−β + qβ
2 p1 = 2−ϕ

2 ð1−p1−p2Þ + 2−ϕ−γ
2 p2 + 2−γ−ϕ + qϕ

2 p1 = 2−ϕ + αq−q
2 ð1−p1−p2Þ + 2−γ + qð−1 + α + γÞ−ϕ

2 p2 +
2−ϕ−γ + qðϕ−1 + α + γÞ

2 p1. Solving for p1 yields p1 = 1
q which is positive. Likewise, p2 = qð1−αÞ−γ

γq , which also can be positive as long
as the difference in payoffs between a Cheater and a Fair player, multiplied by the probability that a SU player plays fair, is larger
than the cost of being punished. Solving for the third probability yields 1−p1−p2 = γ−1 + α

γ , which also is positive. A stable
polymorphic ESS therefore is possible.

5. Dynamic analysis—interior equilibria

Is the above mixed equilibrium the sole internal mix, or is it possible that there could be other, stable or unstable (that is
fluctuating, but nonetheless enduring) polymorphic mixes? We check using Saari's (2002) qualitative approach toward
evolutionary game theory. To seewhat kinds of internal equilibria can exist, we jointly evaluate local equilibria (on the sides and at
the vertices of the triangle) and winding numbers (Milnor, 1997; Saari, 2002).

Local equilibria identify feasible population mixes. These were determined by the calculations above and depicted by the
arrows on the triangle edges. An equilibrium exists where no two arrows on a single axis point in the same direction (cf. Saari,
2002). Arrows that point away from an equilibrium indicate instability—that is, a slight perturbation along its axis would upset the
equilibrium; arrows pointing toward an equilibrium indicate that it would be reestablished after such a perturbation. Thus, the
local equilibria in Fig. 2 are at the SU vertex and on the C–SU side of the triangle.

We can leverage this information about local equilibria to learn something about global equilibria by combining the
mathematical concept of winding numbers with a method of calculating equilibrium indices. An equilibrium index is the product
of the signs of each pair of arrows at each equilibrium. Arrow pairs that point outward have a negative sign, and arrow pairs that
point inward have a positive sign. An equilibriumwhere all arrows point either in or out thus takes a positive sign; where one pair
of arrows points in and the other pair points out, the sign of the equilibrium is negative. A winding number, speaking formally, is a
mapping from a circle to a circle that counts the number of times a path goes around one or more fixed reference points. In the
child's playground game of tetherball, for example, two players try to wind a cord around a post—a fixed reference point—in
opposite directions by hitting a ball attached to the cord. As players hit the ball, the cord winds around the post in one direction,
then unwinds and eventually winds around the post in the other direction. The game ends when the cord is completely wound
around the post. At that point, the winding number counts the number of times the cord is wrapped around the post in the
direction favoring the winning player, even though during the game it might have wrapped and unwrapped numerous times in
both directions. In the context of our population simplex, each local equilibrium on the sides of the simplex provides a reference
point analogous to the tetherball post, and the direction of the path around each point depends on both the characteristics of that
point and of the other reference points nearest to it.

The population simplex in Fig. 2 can be deformed into a circle. The arrows at each vertex and on the C–SU side of the simplex
identify more-or-less stable local equilibria that act to disrupt—and can alter the direction of—the smooth path around the circle.
The winding number keeps track of both the net number of times and the dominant direction (clockwise or counterclockwise)
that the path winds around the local equilibria. To continue the tetherball metaphor, it indicates how many times and in what
direction the cord wraps around the post, even if the cord is hopelessly tangled.

By itself, thewinding number is not terribly informative for our purposes. However, the winding numbermust equal the sum of
equilibrium indices for the simplex; hence, if the winding number does not match the sum of the equilibrium indices on the sides
and vertices of the simplex, then it must be the case that there is at least one equilibrium somewhere in the interior. It is here that
the benefit to using this approach becomes clear. Our mathematical results tell us that some equilibrium must exist. The more
qualitative approach of combining winding numbers and equilibrium indices adds to this information. By knowing the sign
(positive or negative) of the internal equilibrium, we can gain a sharper understanding of what type of interior equilibria might
exist. For example, a positive interior equilibrium can either be a stable attractor or an unstable and hence unlikely repellor. A
negative interior equilibrium will be unstable, in which the population will move towards it and then quickly move outwards
Please cite this article as: Heller, W.B., Sieberg, K.K., Honor among thieves: Cooperation as a strategic response to functional
unpleasantness, European Journal of Political Economy (2009), doi:10.1016/j.ejpoleco.2009.11.006
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again. As a result of this added information, we gain insight into how population proportions might be expected to change
dynamically as a consequence of interior equilibria.17

Fig. 3 shows the internal dynamics of the population simplex in Fig. 2. It also shows the path for computing the winding
number, which works as follows. To compute the winding number, begin at the point labeled “start” in Fig. 3 and move
counterclockwise around the triangle, counting the number of full revolutions indicated by the arrows. Each counterclockwise
revolution is worth 1, and each clockwise revolution is worth−1.We trace the path around the simplex as follows: (a) start with a
120° counterclockwise rotation; continue with (b) a 60° clockwise rotation; (c) a 120° clockwise rotation; (d) another 60°
clockwise rotation; (e) a second 120° counterclockwise rotation, erasing all gains in either direction; (f) a 60° counterclockwise
rotation and (g) a third 120° counterclockwise rotation; (h) a 90° counterclockwise rotation; (i) a 90° clockwise rotation; and (j) a
120° counterclockwise rotation, followed by (k) a 60° counterclockwise rotation. The winding number (the number of
counterclockwise rotations minus the number of clockwise rotations) for the triangle in Figs. 2 and 3 thus is 1.

The winding number must equal the sum of local equilibria indices, where an equilibrium index is the product of the signs of
the two pairs of arrows at each equilibrium. Arrow pairs pointing toward the equilibrium take a negative sign, and arrow pairs
pointing away from the equilibrium take a positive sign. Beginning with the lower-right vertex of the triangle and moving
counterclockwise, therefore, the equilibrium indices in Fig. 3 are (1×1)=1, (−1×1)=−1, (−1×−1)=1, and (−1×1)=−1,
which sum to 0. Because the sum of equilibrium indices is different from the winding number, we know that there are at least one
or more internal equilibria whose indices sum to 1 and, hence, a stable polymorphic population mix.

What kinds of internal equilibria sum to 1? In the simplest case, a single attractor (where all arrows point inward, as illustrated
in Fig. 3) or repellor (where all arrows point outward) equilibrium is possible. Alternatively, any combination of two attractors and
repellors plus a single equilibrium with sign of −1 that attracts for some combinations and repels for others is possible. Indeed,
any combination of an even number of positive-signed equilibria and one less negative-signed equilibria would sum to 1 and
hence make the sum of indices equal to the winding number. An even number of internal equilibria is not possible.

The possibility of attractor or repellor equilibria—information that does not enter into a purely formal treatment of internal
dynamics—allows us to explore how populations might shift and how starting point matters. To illustrate, we analyze the internal
dynamics in the case of the single internal attractor equilibrium shown in Fig. 2, yielding the internal dynamics illustrated in Fig. 3.

Consider what happens if the population is at the C–SU equilibrium, but is perturbed by invasion of a small number of pure-U
players. The U playerswould thrive to the extent that theymeet C players, butwould suffer to the extent that theymeet SU players.
C players do poorly when facing either U or SU types, but if the addition of U players leads to an increase in q, C players would on
average fare well against SU players. Consequently, either the invasion of U players will simply upset the equilibrium enough to
move the population mix rapidly to the SU vertex; or it will result in an increase in C players, which in turn benefits U players, so
moving the population mix to the interior of the simplex and possibly settling into an interior equilibrium like the one pictured,
where all three player types coexist. A repellor equilibrium, by contrast, would never permit a stable population mix inside the
simplex, but it might set up a cycle in which different population types increase and decrease, but never completely disappear nor
completely dominate.

6. Discussion

Our finding that Strategic Unpleasant players can eventually dominate a society made up of Cheaters and non-strategic
Unpleasant types is interesting for two reasons. First, the result flies in the face of arguments that what we might term “civilized”
society can exist only if individuals themselves are sufficiently civilized (see in particular Almond and Verba, 1989). Indeed, we
argue in essence that the veneer of cooperative behavior that underpins civil society could well be a consequence of widespread
incivility, or at least a general willingness on the part of individuals to treat each other badly. In this regard, we do not disagree
with others who model punishment of cheating behavior as an overt defense of fairness. In our model, however, as long as people
are sophisticated enough to consider the consequences of their actions, Fair play emerges not despite incivility, but rather because
of it.

As noted, our SU player resembles a Fair Punisher closely except that SU players will cheat when they can. Inserting FP players
into the population described above, then, will have an effect onlywhen FP players interact with Cheaters. In contrast to the SU and
C vertices, if the value for α is low enough, then FP players cannot invade a C population.18 If, then, there is a mix between Cheaters
and Fair Punishers, a Strategic Unpleasant player can invade the population, and SU behavior can dominate. Thus, although the
player types are difficult to distinguish from each other in most cases, SU players have an advantage over the Fair counterparts
when C players are in themix. It is worth noting, however, that while FP players can coexist with SU players, pure (non-punishing)
Fair players cannot. If F players can be distinguished from punishing types, then SU players would cheat in every interaction with
them. Again, this detail distinguishes our SU player: her behavior appears Fair, but is in fact strategic and opportunistic.

Second, the result hinges on the assumption that Unpleasant actor would punish Cheaters if the cost of doing so—and thereby
nipping cheating behavior in the bud—were worse than being cheated. As we have shown elsewhere (Heller and Sieberg, 2008),
those who punish do not do well if this assumption does not apply. The further implication in this regard is that the feasibility of
Fair behavior induced by decentralized punishment might vary by context. Where punishment is difficult or costly, and cheating
17 It is also possible to use traditional methods to calculate how a population will change in each generation. The qualitative method yields similar insight with
fewer calculations.
18 A FP player would get an expected payoff of

2α−ϕ
2

in a population of Cheaters. If 2−βN2α−ϕ, then a FP player cannot invade a C population.
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yields noticeable benefits, norms of fairness ought not to survive. We suspect that this observation could provide useful insight
into the development of nearly self-enforcing norms of fairness versus situations where government has to step in with more
formal rules, monitoring, and enforcement.

Strategic Unpleasant players are very much like real people, just as observers from Machiavelli to Madison to Przeworski
(Bewley, 2003; Bowles and Gintis, 2002; Sanfey et al., 2003) have seen them. It is an attractive thought to suppose that the Good
Society is achieved through the efforts of Good people, but in a world of Good people a Cheater can make a killing. If people were
indeed Good, so that all valued fairness and cooperation, onemight expect government to be a rather less conflictual exercise than
it tends to be. People are not Good in that sense, however (though they might not be as bad as Machiavelli apparently thought),
and as Przeworski (1991) sees it, the whole point of democratic government is to manage the inevitable conflicts that arise among
different interests. More to the point, managing conflict peacefully requires designing a government where officeholders of
various sorts can in essence punish each other—by keeping them from getting what they want—as James Madison did when he
used his fear of faction as the foundation for a system of government in which “opposite and rival interests [would supply] the
defect of better motives” (Madison, 1778 [1947]). This kind of government can only work if those who hold office are able and
credibly willing to behave badly toward each other.

7. Conclusion

Two wrongs don't make a right—or do they? Heller and Sieberg (2008) demonstrated that altruism is not necessary for
cooperation (or Fair behavior) to emerge in a group. The presence of an Unpleasant player—one who cheats and punishes others
for cheating—is sufficient to create the grounds for Fair behavior to exist. This paper takes the issue a step further. Using traditional
evolutionary game theory and a dynamic approach, we show that Fair behavior can emerge in a group entirely dominated by
players who prefer to cheat. So long as it is in a player's self-interest to mimic Fair behavior in order to avoid punishment from
similarly Unpleasant players, then it is possible not only for Fair behavior to exist but to be dominant.

The basic observation that aggregated individual behavior can yield unexpected or undesired outcomes is not new. Typically,
however, the message is the rather negative conclusion that bad outcomes can result even when individuals have the best
intentions. Our finding that good social outcomes can result from bad individual behavior is consistentwith whatwe already know
about collective action, albeit perhaps more optimistic. As long as individuals care about how others behave, for whatever reason,
collective outcomes can conform to normative perceptions of identified social values even when every individual seeks personal
advantage. When individuals pardon bad behavior, by contrast, whether out of laziness or in support of the ostensible pursuit of
noble ends, by contrast, all bets are off.
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Appendix A
Table A
Payoff matrix with three player types.

Payoff to When meeting population of

C U SU

C 2−β
2

2−γ−β
2

2−γ−β + qβ
2

U
2−φ
2

2−ϕ−γ
2

2−γ−ϕ + qϕ
2

SU
2−ϕ + αq−q

2
2−γ + qð−1 + α + γÞ−ϕ

2
2−ϕ−γ + qðϕ−1 + α + γÞ

2

For a C–SU mix, setting the proportion of punishers in the population p=q yields (ϕ+α−β)p2+(α−1)p+β−ϕ=0. We

solve for p using the quadratic equation, which gives
ð1−αÞF

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
½α2−2α + 1−8ϕβ−4ϕ2 + 4γβ−4γϕ−4β2�

p

2ðϕ + γ−βÞ . We know that (1−
α) is positive and that the denominator is also positive, so at least one value for p also will be positive.

In those cases where q≠p, p→ qð1−αÞ−β + ϕ
qðγ + ϕ−βÞ . Here, pwill be positive if the numerator is positive, since the denominator always is

(since by thedefinition given in Table 1γNβ), which in turn requires thatϕ+q–qα−βN0. This is possible, even in the casewhere the
cost of punishing is less than the cost of being cheated (ϕbβ), as long as the probability of that the SU player plays Fair times the
difference in payoff between the cheater's payoff and the fair player's payoff is larger than the difference in the cost of punishing and
the cost of being cheated. This result is intuitive; as the difference between the cheater's and fair player's payoff increases, SU players
will benefit less and less from mimicking fair play—especially in a population of Cheaters who no punishment.
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