
Public Choice (2008) 135: 399–413
DOI 10.1007/s11127-007-9269-3

Functional unpleasantness: the evolutionary logic
of righteous resentment

William B. Heller · K.K. Sieberg

Received: 7 June 2007 / Accepted: 4 December 2007 / Published online: 8 January 2008
© Springer Science+Business Media, LLC. 2007

Abstract Economics experiments and everyday experience cast doubt on the assumption
that people are self-interested. In divide-the-dollar ultimatum games, participants turn down
offers that would make them objectively better off. Similarly, drivers stuck in a traffic jam
fume at cars cruising by on the shoulder. Many stuck drivers would punish the moving ones
if they could, even at some cost to themselves. Such strategies appear irrational because they
make the punisher worse off than accepting the situation or offer. We examine explanations
for costly punishment and relax the presumption that punishers themselves prefer cooper-
ation, using evolutionary game theory to show how uncooperative punishers can support
cooperation.

Keywords Cooperation · Punishment · Evolutionary games · Altruism

Humans were social animals before they were political animals. People have been cooperat-
ing in large groups, without the benefit of small-group dynamics (Olson 1965; Henrich and
Boyd 2001), since well before the invention of government (Fehr and Rockenbach 2003;
Rubin 2002). Given resource scarcity, conflicts of interests, and such collective dilemmas
as the free-rider problem, such cooperation is curious. How does cooperation survive in the
face of collective-action problems, mutual suspicion, and people’s general—and justified
(Cook et al. 2005)—distrust for one another?

Typically, the answer hinges on two factors. First, people have to believe that cooperation
is better than a situation where everyone cheats their fellows at every opportunity. Second,
people have to be willing to punish such cheaters, even at a personal cost. Both ring true:
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numerous economics experiments show, and a little honest self-reflection probably will at-
test, that we humans readily sacrifice some personal well-being (at least when the stakes are
low; Henrich 2000) to punish others whose conduct we see as unfair or otherwise inconsis-
tent with societal norms (Axelrod 1984; Bowles and Gintis 2002; Boyd and Richerson 1992;
Ensminger 2001; Fehr and Gächter 2002; Fehr and Rockenbach 2003; Henrich and Boyd
2001; Henrich et al. 2001). But paying costs to punish is irrational when the benefits are
dispersed throughout society. To make punishment coherent, scholars assume that some
actors value cooperation enough to punish noncooperators (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). The rationales for such punishment can vary, as we note in the next
section.

We relax the assumption that punishers cooperate. Actors who punish need not play
well with others when not punishing; rather, we posit a new type—Unpleasant players who
cheat all others and yet punish Cheaters. We find that Unpleasant players are functional for
society under a fairly inclusive set of conditions: they can help support cooperation, even
though they neither desire nor seek it. One might expect players who are nasty to everyone
to affect society negatively: ironically, Functional Unpleasantness supports the survival of
naïve Fair players who could not compete against Cheaters alone.

The next section briefly reviews the literature and experimental work exploring the foun-
dations of human cooperation. The third section replaces the altruistic punisher usually
found in the literature with a new type. We show that the presence of Unpleasant players
induces significant levels of cooperation in society. The final section concludes.

1 Literature review

People expect others to cheat and are very good at recognizing cheating behavior (Fehr
and Fischbacher 2003). No one really wants to cooperate in the absence of some means
of ensuring that cheating does not pay (Sieberg 2005), precisely because absent some
kind of punishment cheating does pay. Nonetheless, “large groups of unrelated individu-
als” cooperate to build societies without the benefit of government (Wedekind 1998; see
also, e.g., Bowles and Gintis 2002; Fehr and Fischbacher 2003; Fehr and Gächter 2002;
Henrich and Boyd 2001; Rubin 2002). The key conditions for such cooperation are two.
First, social norms define what people consider “fair” behavior (Fehr and Rockenbach 2003),
which can vary across societies (see Vogel 2004). And second, a willingness on the part of
individuals or groups to punish violations of those social norms. As long as the threat to
punish those who cheat on their societal obligations is credible (Levi 1989; and cf. Flack
et al. 2005a, 2005b, 2006), the expected benefits of cooperation increase. That the latter
condition holds (which in turn implies the former) is clear from experimental results of
ultimatum games, in which two players have to agree on a division of a sum of money,
with one player proposing a division and the other accepting or rejecting. If the proposal
is accepted, the money is divided according to the proposal; if the proposal is rejected,
neither player gets anything. Researchers around the world have found that “about half”
of all players in myriad plays of the game reject offers that yield them less than 20% of
the initial sum (Nowak et al. 2000; and cf. Fehr and Gächter 2002; Güth and Tietz 1990;
Henrich and Boyd 2001). Skyrms (2003) shows, using evolutionary game theory, that play-
ers in societal ultimatum games generally will settle with splits (the specifics of his model
yield a 50–50 split).
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When action is collective, each person’s behavior can affect everybody else. Even when
actions are only minimally collective, as in the case of drivers on a freeway or sunbathers
on a beach—for whom others are basically irrelevant unless they get in the way—each
individual’s enjoyment depends on the comportment of others. Most individuals, moreover,
have incentives to cheat: the driver who weaves in and out of lanes on the freeway gets where
she is going more quickly, but forces other drivers to take defensive actions and slow down;
the beachgoer who takes the easiest path to the water kicks sand on sunbathers, causing
discomfort.

It is to be expected that those who suffer the effects of such behavior might want to retali-
ate. Retaliation can be costly, however—a nasty glare could provoke a violent reaction—and
often those who suffer are not in a position to retaliate: the driver who has to brake or swerve
to avoid a car cutting in front of her can do little to affect the offender, who is already long
gone. That said, people do retaliate, even at a cost to themselves, to behavior they perceive to
be unfair (Nowak et al. 2000; Herbert Gintis, quoted in Vogel 2004). Moreover, experiments
by Fehr and Fischbacher (2004) show that people who observe but are unaffected by cheat-
ing behavior are willing to punish it, even at a cost to themselves. To reiterate, the general
conclusion that researchers draw from results such as these is that people value cooperation
and are willing to expend resources to support it. The motives underpinning this willingness
to punish can vary.

A frequent explanation is culture. Cultural familiarity can breed trust, creating the re-
peated play conditions that support opportunities for cooperation. Alesina and La Ferrara
(2000, 2002) find that group heterogeneity increases the transaction costs of social experi-
ences with members of other groups. Barr (1999) and Coleman (1990) argue that “familiarity
breeds trust.” The cultural effect, however, relies on the assumptions that groups are small
and homogeneous enough for players to have sufficient information to sanction one another
for cheating (Saari-Sieberg 1998). It also relies on the assumptions that members value co-
operation and that they care enough about other members in their group that they will both
cooperate with them and will punish cheaters. We agree that these assumptions are possible,
but find them unnecessarily strong. The cultural idea finds mixed experimental support. In
games that tested willingness to contribute to a group, Brandts, Saijo, and Schram (2004)
found little evidence for cross-country differences in behavior in Japan, the Netherlands,
and Spain. However, Ockenfels and Weimann (1999), in comparisons of games between
East and West Germans, found more selfish behavior in East Germans than in their West
German counterparts.

Cooperators need not be selfless altruists who both cooperate and punish noncoopera-
tors, even though “cheating would be economically beneficial for them” (Fehr and Rocken-
bach 2003). Some scholars focus on the conditional nature of cooperation, which is worth-
while only if enough other people are cooperating to make cooperation worthwhile (see,
e.g., Boyd and Richerson 1992; Camerer and Fehr 2006; Fehr and Fischbacher 2003;
Hibbing and Alford 2004; Sigmund and Nowak 2000). Others take more nuanced views,
arguing in the spirit of the chainstore paradox (Selten 1978) that punishment is in essence
a strategic investment in personal reputation that reduces the chance of being cheated in
the future (see, e.g., Fehr and Fischbacher 2003; Fehr and Henrich 2003). Alternatively,
if one response to cheating is for non-cheaters to stop participating in production of a
public good, punishers keep cheating at a low enough level that the increase in the pub-
lic good makes up for the cost of punishing (Fowler 2005; and cf. Sethi and Somanathan
1996). Underpinning this latter approach is the notion that there are two levels of se-
lection and payoffs: on one hand, competition among individuals means that individu-
als who punish free riders suffer reduced fitness; on the other hand, competition among
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groups favors those that include such punishers and thus are better equipped to engage
in collective action to produce, employ, and consume collective goods (Henrich 2004;
Sethi and Somanathan 1996; and cf. Rubin 2002).

We seek to extend understanding of cooperation by relaxing the assumption that actors
who punish noncooperators would themselves prefer to cooperate. The key is the willingness
to punish, not the desire to cooperate. The ideal situation for a free rider, after all, is to be
the only cheater in the group. The possible origins of the drive to punish are many—it
could be ingrained and emotional (Bowles and Gintis 2002; Sanfey et al. 2003; and see
Bewley 2003), strategic (Fehr and Fischbacher 2003; Fehr and Henrich 2003), or based on
reciprocity built on an altruistic concern for fairness (Dawes et al. 2007; Fehr and Schmidt
1999; Pulkkinen 2007). This unpleasantness factor, which appears to be a simple character
flaw, can function to allow cooperation to persist. Our analysis focuses only on within-group
selection, but clearly establishes that cooperation can survive in the face of widespread,
unapologetic cheating. In the next section we use evolutionary game theory to explore the
logic of such unintended social harmony.

2 Modeling cooperation

We begin with the simplest case, a society composed of individuals who are either pure
Cheaters (C) or pure Fair players (F) (Table 1). Consider, for example, drivers on a crowded,
but not jammed, freeway. As long as each driver moves with the flow of traffic and does
not interrupt anyone else’s progress, everyone arrives at their destination with all deliberate
speed. The payoff to F players in such a situation is α ∈ [0,1). This is the baseline payoff.
When most drivers are playing F, a cheating driver—driving faster than others, passing on
both left and right, cutting close enough to other cars that their drivers have to slow or
swerve, or both—gets to his destination at least as quickly as he would have had he played
F, so we normalize the payoff to a Cheater interacting with a Fair player to 1. If β is the
cost of being cheated—e.g., the time lost from having to slow down, or even being involved
in an accident occasioned by, but not involving, a C player—then the payoff to an F player
interacting with a Cheater is α − β (α > β , by assumption).1 When two Cheaters interact
with each other, one receives a payoff of 1 and the other receives a payoff of 1 − β . This is
the situation when one speeding driver is overtaken and cut off by another, faster driver: a
player can either cheat or be cheated, but not both. If everyone plays C, then everyone’s net
payoff is 1+1−β

2 .
When the only possible strategies are pure C and pure F, the result is straightforward: C

is the unique evolutionarily stable strategy (ESS) if 2(1 − α) > −β , or β > 2(α − 1). Since
α < 1 by definition, the right-hand side of this equation is negative. Thus, as long as β ≥ 0,

Table 1 Pure-strategy payoffs
When meeting Expected payoff to

F C

F α α − β

C 1 2−β
2

1Playing F when most everyone else plays C is a naïve and unprofitable strategy. The payoff to C is the
highest possible payoff, normalized to 1.
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C will be the ESS. A few C players inserted into a population of F players would thrive,
as most of their interactions would be with F players and only rarely would they meet with
C players and receive a payoff of less than 1. Even when C players mostly interact with
other C players they still do better than F players, who also mostly interact with F players. If
we take payoffs as a measure of survival fitness, C players have higher fitness than F players
and, over time, would entirely displace them.

Note that behavior that hurts the interests of others need not be purposeful. It is, rather,
essentially selfish: most people probably do not bother going out of their way to upset others
but they might be willing to upset others in pursuit of their own interests—e.g., getting to
the head of a queue, bypassing slower drivers, or taking the quickest route to the water over
hot sand. Whether such behavior upsets others depends on expectations. If everyone tries to
cut to the head of the line, for example, there will be no line. If there is no line and everyone
is pushing to get to the front of a chaotic crowd, then cheating is expected, hence accepted;
if there is a line, someone who cuts to the front is likely to receive nasty glares and harsh
comments, and, possibly, more tangible punishments.

Given a minimal, but plausible set of assumptions about payoffs, a world where the only
possible behaviors are cheating and playing fair is a world without cooperation. Given the
apparent tendency of at least some people to cheat when they can, cooperation requires
something more than an appreciation of its benefits to survive. Adding Fair players who
also punish Cheaters to the mix can do the trick, as numerous experiments have shown
(for a general model and theoretical exploration, see Boyd and Richerson 1992). As long
as punishments impose costs on Cheaters that are greater than the benefits they gain from
cheating, a population with players that punish will not evolve to pure C.

The mechanics of punishment by players who prefer to play fair have been explored
extensively elsewhere, as documented above, so we do not expound in detail on them here.
To reiterate, the addition of players who play fair but punish cheating makes cheating less
profitable. Cheaters will survive as long as punishments are not too onerous; so also will
both Fair and Altruistic players, provided that the cost of imposing punishment is not too
great. The ESS will be a mix of player types, with proportions depending on the values
attached to punishing, being punished, and being cheated.

2.1 Equilibria in populations with three player types

Fair players and Cheaters can coexist when Altruistic players are part of the societal mix.
Underpinning this conclusion, however, is the assumption that individuals can sublimate
their personal interests to those of society. We think this assumption is too strong: taken
to extremes, it is tantamount to claiming that the Prisoner’s Dilemma and the Tragedy of
the Commons are illusions. We relax this assumption by positing a new type of Unpleasant
punishing player (U). Unlike the Altruistic punisher, this player makes no sacrifices for
society: s/he cheats when interacting with other players (thereby earning the highest possible
payoff for those interactions) and punishes when interacting with (identified) Cheaters.

Table 2 provides a summary of our basic notation. If the costs of punishing and being
punished are φ and γ , respectively, then Table 3 shows the payoff matrix for a society
comprising Fair players, Cheaters, and Unpleasant players. Unpleasant can be an ESS if

2 − φ − γ

2
> 1 − γ and

2 − φ − γ

2
> α − β.

The first condition holds if β > φ; the second holds if 2−φ−γ > 2(α−β), which simplifies
to 2(1 − α) + β − φ > γ − β . In other words, U is an ESS only if the cost of being cheated
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Table 2 Basic notation and
parameter limits α ∈ [0,1) Payoff to fair player meeting fair player

(baseline)

β,β < α Cost of being cheated

φ,φ < γ Cost of punishing

γ, γ > β,1 − γ < α Cost of being punished

Table 3 Pure-strategy payoffs
with punishment When meeting Expected payoff to

F C U

F α α − β α − β

C 1 2−β
2

2−γ−β
2

U 1 2−φ
2

2−φ−γ
2

is greater than the cost of punishing and the difference between the cost of being punished
and the cost of being cheated is less than twice the difference between (a) the payoff to C
and the payoff to F plus (b) the difference between the cost of being cheated and the cost of
punishment. The result is intuitive. If being cheated is costly and a Cheater does better than
a Fair player, then an Unpleasant player who both cheats and punishes can do better among
its own type than would either a pure-Fair or pure-Cheating player.

Unpleasantness is not the sole ESS. Cheating also can be an evolutionarily stable strategy
if 2−β

2 >
2−φ

2 (that is, if φ > β), because punishment is so costly that Unpleasant types do
not thrive. Cheaters cannot coexist with Unpleasant players if U is an ESS because of the
opposing constraints regarding the cost of punishment and the cost of being cheated (β > φ

or φ > β).2 The cost of punishment is lower than the cost of being punished, for example,
in the case of an Unpleasant speeding driver who swerves in and out of traffic, cutting off
others. If that driver sees another Cheater coming from behind, the cost to her of slowing
down in front of the second driver, blocking him and forcing him to slow as well, can be
lower than the cost of being blocked. The blocked-in driver has to slow more than the driver
doing the blocking. The situation would be very different, however, if the blocked driver
might succumb to road rage and respond with lethal force—thus inflicting an even higher
cost on the punisher.3 Alternatively, the costs of punishing could be higher than the costs
of being cheated in face-to-face confrontations, where for instance a person might want to
punish a larger person for cutting in line. Accordingly, for the same reason, there cannot be a
mixed, polymorphic ESS in a population with p1 F players, p2 C players, and (1 −p1 −p2)

U players.

2.2 Global equilibria in populations with three player types

Thus far, we have identified conditions for local ESS with various population-proportion
mixes of the three types of players. Using the qualitative approach toward evolutionary game
theory developed by Saari (2002), we also can employ these equations to extract global

2Of course, punishing when φ > β seems insane. Here, however (consistent with Sanfey et al. 2003), pun-
ishing Cheaters is an imperative, not a choice, for U types.
3We are exploring the implications of allowing mixed strategies in another paper.
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Fig. 1 Population simplex for fair, cheating, and unpleasant types (β < φ)

information about the entire population and its dynamics. The equilateral triangle in Fig. 1
represents the simplex {(x, y, z) | x +y + z = 1;x, y, z ≥ 0} (Saari 2002), which we can use
to depict the population proportions of F, C, and U types.

In the discussion below, we examine only the case where Cheaters are readily identifiable,
and punishing precludes being cheated. In light of humans’ ability to recognize Cheaters
(Fehr and Fischbacher 2003) and our traffic analogy, we think this case worthy of detailed
discussion. We analyze the more general case, where U players punish all Cheaters, but
sometimes are cheated and sometimes are not, in Appendix B.4 For discussion of the case
where Cheaters can be identified, the simplex in Fig. 1 depicts the circumstance where the
cost of punishing is higher than the cost of cheating.

2.3 When punishing is more costly than being cheated

In Fig. 1, the vertices of the triangle depict situations where the population consists of only
one type of players. The lower left vertex, labeled F, is all Fair players; the lower right
vertex is all Cheaters; and the upper vertex is all U types. Any point along one of the sides
of the triangle (not at a vertex) represents a mix between the two population types at the
angles defining the side, and any point inside the triangle represents a mix of all three types.
The arrows indicate which type fares best overall in interacting with the other types, in the
proportions defined by the point in question. Thus, the bottom side of the triangle represents
a population composed of F and C players, and C players do better than F players in any

4Appendices are available at http://bingweb.binghamton.edu/~wheller/quorum/FU1.
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population that comprises any combination of only those two types (see Table 3 and the
accompanying discussion).

The C–U side is similar, as U players cannot coexist with Cheaters if being cheated is
less costly than punishing (β < φ). U players would exhaust all their resources punishing
Cheaters, but because they both cheat and punish they also inflict costs on each other and
realize no net gain from punishing Cheaters. Cheaters thus dominate in any population of
only C and U players; a pure-U population also is vulnerable to F (as well as C) players, as
indicated by the arrows pointing away from the U vertex on both sides.

The dynamics along the U–F side, representing population proportions of Fair and Un-
pleasant players, are more complex. Unpleasant players thrive in a population dominated
by F players because they benefit from cheating the Fair players and are punished only if
they meet each other, which would happen rarely. Fair players do well in a population of
mostly U players, however, because even though they are cheated they neither incur costs
of punishing others nor pay penalties for cheating.5 There is thus an equilibrium along the
U–F side, as indicated by the arrows that point toward each other. This equilibrium is stable,
barring invasion from Cheating players, as the dynamics of U–F interactions automatically
correct for any disruption that might move the population mix away from it along the side
(see Appendix A, available online at the URL in footnote 4, for conditions supporting a
U–F equilibrium). In this case, being punished and punishing both are costly. The intuition
is straightforward. Unpleasant types will either experience punishment or dole it out when-
ever they meet others of their own type; they are better off in encounters with Fair players,
whom they cheat. Fair players do better in encounters with their own type. The mixed ESS
looks stable, because as Unpleasant types increase, they reduce their own fitness with each
encounter with one another.

There is more to a simplex than its sides. To fully understand the local equilibria along
the legs of the triangle in Fig. 1, we need to consider the consequences if a member of the
third group were to enter the population. Consider, for example, what would happen if a C
player were to invade the U–F equilibrium described above, where the cost of punishing is
higher than the cost of being cheated. Because C players dominate both U and F players,
as indicated by the arrows pointing to the C vertex along the bottom and right-hand sides
of the simplex, the U–F equilibrium is highly susceptible to invasion by Cheaters, and any
such invasion would lead to the ESS at C.

In circumstances like those shown in Fig. 1, where β < φ, there can be no internal (poly-
morphic) equilibrium. More generally, to ascertain whether a global internal equilibrium
exists we evaluate local equilibria in combination with winding numbers (Milnor 1997; the
discussion below is adapted from Saari 2002). First, the arrows outside the triangle identify
all known local equilibria. An equilibrium exists where no two arrows on a single axis point
the same direction (cf. Saari 2002). Arrows that point away from an equilibrium indicate that
a slight perturbation along its axis would upset the equilibrium; arrows that point toward an
equilibrium indicate that equilibrium would be reestablished after such a perturbation. Thus,
the U–F equilibrium is stable with respect to perturbations that affect the mix of U and F
players, but not with respect to invasions by C players; the C equilibrium resists invasion by
either or both U and F players.

5There are conditions, described in Appendix A, under which U players will eliminate F players, but the
dynamics are virtually identical to the dynamics along the C–F or C–U sides of the simplex depicted in
Fig. 1. We focus here on the more analytically and substantively interesting situations, in which Fair and
Unpleasant players can coexist.
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Winding numbers are a mathematical concept that we can use to leverage information
about local equilibria to learn something about global equilibria. Formally, a winding num-
ber is a mapping from a circle to a circle. Intuitively, it represents the number of times a
path goes around a fixed reference point. In the child’s playground game of tetherball, for
example, two players try to wind a cord around a post by hitting a ball attached to the cord in
opposite directions. The winding number counts the number of times the cord goes around
the post at the end of the game, even though during the game it might have wrapped and
unwrapped numerous times in both directions.

In the population simplex depicted in the figure, the information is portrayed as a trian-
gle, but it can be deformed into a circle. The arrows identify local (side) equilibria, which, to
continue the tetherball metaphor, disrupt the progress of the ball as it winds the cord around
the post. The winding number identifies the winner of the game by indicating whether the
cord is wrapped around the post, how many times, and in what direction, even if the cord
itself is hopelessly tangled. If the winding number does not match the sum of the equilib-
rium indices for the side equilibria then there must be at least one equilibrium somewhere
in the interior. That mathematical result provides purchase for modeling qualitative social
phenomena (Saari 2002). We therefore use this mechanism, instead of more complex dy-
namical systems mechanisms, to give us an idea of what interior equilibria exist and what
types they may be.

To compute winding numbers for the population simplex in Fig. 1, begin at the point
labeled “start” and count the number of full revolutions indicated by the arrows as you move
counterclockwise around the triangle. Each counterclockwise revolution is worth 1, and each
clockwise revolution is worth −1. Beginning at “start” in Fig. 1 trace: (a) a 120◦ counter-
clockwise rotation; (b) a second, 120◦ counterclockwise rotation; (c) a 60◦ counterclockwise
rotation; (d) a 120◦ counterclockwise rotation; (e) a 90◦ clockwise rotation, followed by
(f) a second 90◦ clockwise rotation; (g) a 120◦ counterclockwise rotation (erasing the clock-
wise gain and yielding a cumulative total of one full counterclockwise rotation); (h) a 60◦
counterclockwise rotation; (i) a 120◦ counterclockwise rotation; (j) a 120◦ counterclockwise
rotation followed by (k) a 60◦ counterclockwise rotation, for a second full counterclockwise
rotation. The winding number (the number of counterclockwise rotations minus the number
of clockwise rotations) for the triangle in Fig. 1 thus is 2.

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. The indices for the equilibria in Fig. 1 thus are, begin-
ning with the lower-right vertex of the triangle and moving counterclockwise, as follows:
(−1 × (−1)) = 1; (1 × 1) = 1; (1 × (−1)) = −1; (1 × 1) = 1. The sum of equilibrium
indices for the simplex in Fig. 1 is 2, equal to the figure’s winding number. We therefore
know that there can be no internal equilibrium in the situation depicted, where the cost of
punishing is greater than the cost of being cheated.6

Slight alterations in parameters could occasion significant changes in system dynamics.
If the punishment to eliminate a small invasion of Cheaters in a primarily U–F population
were costly enough, for instance, then the arrows on the U–F side would point inward.
The winding number then would be 3, and the sum of equilibrium indices 4, implying an
internal equilibrium of −1. This equilibrium has two arrows pointing out and two pointing
in (corresponding to the eigenvectors). This new equilibrium divides the simplex into two

6This result is for the simplest model allowing these boundary conditions. Adding an equilibrium of degree 1
and another of degree −1 would yield an internal equilibrium.
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regions. To the left of lines drawn from the U and F vertices to an internal equilibrium, any
mix of the three population types would evolve to the (stable) equilibrium on the U–F side;
on the other side, any mix of the three types would collapse to the pure C vertex. In this case,
then, if C players can be eliminated through punishment when they are few (i.e., when the
problem is emerging, but small), the reward is a nicer society. If punishment is insufficient
to achieve this, or if the number of C invaders is large, then as Fig. 1 shows, society devolves
to a state of (Cheating) nature.

It makes sense that Unpleasant types cannot survive when the cost of punishing is high
relative to the cost of being cheated. If the cost of punishing is lower than the cost of being
cheated (β > φ), by contrast, Unpleasant players can and do survive, and a population mix
of all three player types is possible. We begin, as we did in our discussion of the opposite
case above, by analyzing the dynamics in populations of two player types.

2.4 When punishing less costly than being cheated

Changing the relationship between the cost of punishing and the cost of cheating is irrelevant
if U players are not in the mix. The dynamics along the bottom of the simplex thus are the
same as in the case illustrated in Fig. 1: Cheaters eliminate F types. Similarly, a mix between
U and F players (barring, as above, invasion by Cheaters) can result in a stable mix of the
two types (see Appendix A). In contrast to the case where β < φ, however, Cheaters cannot
survive in a two-type mix with Unpleasant players.

Figure 2 shows the side (two-player) dynamics when being cheated is worse than pun-
ishing. As indicated by the arrow pairs that point away from each other, on no side is there
an ESS that is resistant to invasion. A population made up solely of F types, for example,
could easily be invaded by either Cheaters or U types, while a population only of U types is
vulnerable to invasion by F players, and a pure C population would be eradicated by contact
with U players. There is a two-player equilibrium along the U–F side of the simplex, but, as
in the previous case, it is vulnerable to invasion by Cheaters.

What are the conditions that define a mix of Fair and Unpleasant players? Obviously,
the population proportions of both types must be greater than 0; specifically, if p is the
proportion of U players in the population, p = α−1

β+(2−φ−γ )/2−1 . The numerator is negative (by

construction), so p > 0 and a U–F mix can exist iff β + 2−φ−γ

2 − 1 < 0 (that is, 1 − φ +
1 − γ < 1 − β + 1 − β). Since β > φ and γ > β , the inequality reduces to β − φ < γ − β .
In other words, a U–F mix is possible if the difference between the cost of being cheated
and the cost of punishing is smaller than the difference between the cost of being punished
and the cost of being cheated—that is, as long as punishing or being punished is relatively
costly. Otherwise, Unpleasant types would overrun Fair players.

For the U–F mix to be an ESS, the proportion of F types in the population (1 − p) must
be positive, so

2 − 2α + 2β − γ − φ

2β − γ − φ
> 0.

In line with the assumptions for p > 0, the denominator is negative, so the numera-
tor also must be negative. Simplifying the numerator, we see that 1 − p > 0 as long as
2(1 − α) + β − φ < γ − β . An ESS consisting of Fair and Unpleasant types therefore can
exist only if the difference between the cost of being punished and the cost of being cheated
is greater than the sum of twice the difference between the Unpleasant and Fair player’s
payoffs and the difference between the cost of being cheated and the cost of punishment.
This is less complicated than it seems: Fair types can survive in a world of U types as long
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Fig. 2 Population simplex for fair, cheating, and unpleasant types (β > φ)

as punishments imposed on cheating U players are much more onerous than the pain they
inflict by cheating.

As noted, the U–F mix is stable only as long as there are no Cheaters to invade it. To
understand the global dynamics when β > φ, we need to know what would happen if a
Cheater were to enter the population. Given the conditions for the local ESS, and since
a Cheater does better against an F player than against a U player, a sole Cheater would
thrive if the proportion of F players were greater than the proportion of U players, but not if
p > 1 − p, which requires that

α − 1

β + (2 − φ − γ )/2 − 1
>

2 − 2α + 2β − γ − φ

2β − γ − φ
> 0.

This condition holds only if (2β − γ − φ)(−4 + 4α − 2β + γ + φ) > 0. The second term
on the left side of the inequality is negative, however, which implies that there are more Fair
than Unpleasant players in a mixed U–F population. The prospects for survival of a lone
Cheater therefore are good, as indicated graphically in Fig. 2 by the arrow pointing away
from the U–F equilibrium.

Clearly, something interesting could be happening in the interior of the simplex. To un-
derstand the interior dynamics, we again need to examine winding numbers and equilibrium
indices. The winding number for the case illustrated in Fig. 2 is −1, and the sum of lo-
cal indices is −2. We thus know that there must be an internal equilibrium with a positive
sign—all arrows pointing inward (an attractor), or all arrows pointing outward (a repellor).
If the equilibrium is a repellor, as illustrated in Fig. 3, the dynamic of the game moves from
the side equilibrium toward the C vertex, from there toward the U vertex, and around again.
The population mix will cycle around the repellor point in the top portion of the simplex. If
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Fig. 3 Internal dynamics when β > φ

the internal equilibrium is an attractor, by contrast, any mix of the three types would evolve
to the internal equilibrium. In the former case, society would consist of a mix of all three
types, but their relative population proportions would fluctuate. In the latter case, population
proportions would settle into a stable equilibrium.

The lesson to be drawn from Fig. 3 extends the basic conclusion of most studies of
the role of punishment in supporting cooperation. Cooperation can survive in the face of
cheating as long as some people are willing to punish cheating. We part company with
other scholars, however, in our counterintuitive finding that punishers need not value or de-
sire cooperation per se. Indeed, our punishers are truly unpleasant types whose existence
nonetheless underpins the survival of cooperation in an imperfect world. In short, the “un-
pleasantness factor” in human interaction is functional for society.

3 Conclusion

That people do cooperate is not in contention. Homo sapiens probably have had to co-
operate in groups in order to survive throughout human history. It is not surprising, then,
that suggestions that people might not want to cooperate are seen as artificial. The Pris-
oner’s Dilemma is, after all, a contrived situation designed to eliminate cooperation. The
evidence from ultimatum- and dictator-game experiments (e.g., Andreoni et al. 2002;
Camerer and Fehr 2006; Ensminger 2001; Henrich 2000; Mace 2000; Nowak et al. 2000;
Fehr and Fischbacher 2004; for useful reviews, see Fehr and Fischbacher 2003; Güth and
Tietz 1990) that people tend to offer even or near-even splits of available money, and that
those who are offered something less than what they see as fair are likely to refuse the split
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(“offers below 20% are almost always rejected”, Mace 2000) is unequivocal; the common
(albeit often implicit) inference that those who refuse “unfair” offers, even at a personal cost,
do so because they value cooperation is rather more dubious.

Scholars generally accept that individuals often face temptations to cheat against each
other and against society. Even so, people seem to be upset by the thought that cheating
might be irresistible. Anyone who has taught the Prisoner’s Dilemma in an introductory
Economics or Political Science class knows that many students find it difficult to accept that
people who share preferences, interests, and fates would sell each other out. Underlying most
treatments of the ultimatum game and other games like it is the presumption that most people
want to cooperate as long as they can reasonably be confident that others will cooperate
as well. They are “wary cooperators” who, if cooperation from others is not forthcoming,
“cease cooperating and look for avenues to punish noncooperators even if punishment is
personally costly” (Hibbing and Alford 2004; see also, e.g., Boyd and Richerson 1992;
Dawes et al. 2007; Fehr et al. 2002).

In our view, to assume that the people doing the punishing want to cooperate is to ignore
an important part of the puzzle. Cooperation is a common-pool resource (Hardin 1968 and
Ostrom 1990), and people who are willing to punish free riders and not yield to the tempta-
tion to free ride themselves are prima facie irrational, because they both punish and do not
free ride. This seems a weak foundation for theory. We start from the premise that people
who punish cheating do so because they are unpleasant, not good. They punish, but they
also cheat. They punish not because they value cooperation—although each would benefit
most if she were in a position to cheat while everyone else cooperated—but rather because
they get annoyed when other people cheat.
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