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Introduction

Introduction

Classic theorists as Talcott Parsons regard the problem of
cooperation as the core topic in social theory
Core question: Do actors behave voluntarily cooperative or do
we need formal or informal social control mechanisms to
maintain social order?

Chair of Sociology, in particular of Modeling and Simulation
http://www.soms.ethz.ch/



Mathematical Sociology, Chapter 4: Cooperation Heiko Rauhut Zurich October 13, 2008 4 / 63

The problem of social cooperation

Enforced order (Thomas Hobbes)

Thomas Hobbes in brief

In summary, Hobbes (1588-1679) puts the
question of social order as follows:
If man is simply a gifted animal, why do men
refrain from fraud and violence and maintain a
stable society at all?
Hobbes proposes, men are egoistic in nature,
therefore we need a Leviathan - a state - to
maintain social order
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The problem of social cooperation

Enforced order (Thomas Hobbes)

Core assumptions of social contract theory

Materialistic conception of the world
Axiomatic, deductive philosophy of science
Behavioral assumption: Egoism
Humans strive for good and avoid evil
No objective morality, values are subjective
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The problem of social cooperation

Enforced order (Thomas Hobbes)

State of Nature

State of nature as thought experiment
What would happen if we had no laws and no state?
A war of all against all (homo homini lupus) because

1 private goods are rival (zero-sum property)
2 egoism
3 rationality
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The problem of social cooperation

Enforced order (Thomas Hobbes)

State as necessary condition for cooperation

Even if all adhered to laws of nature, it were individually
rational to resign from cooperation
To keep laws of nature is a prisoner’s dilemma; it is
Pareto-optimal but individually irrational

Prisoner’s Dilemma
Player 2

keep contract break contract
Player 1 keep contract 3,3 -1,5

break contract 5, -1 0,0
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The problem of social cooperation

Enforced order (Thomas Hobbes)

Conclusion: State as solution

Freedom with voluntary, spontaneous cooperation is not
enforcable
Actors need an absolute political sovereign (state)
Actors sign up a social contract
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The problem of social cooperation

Spontaneous order (Adam Smith)

Spontaneous order and invisible hand phenomena

from Keller (2003): Sprachwandel, p. 34 f.
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The problem of social cooperation

Spontaneous order (Adam Smith)

An example of spontaneous order

from Keller (2003): Sprachwandel, p. 34 f.

Chair of Sociology, in particular of Modeling and Simulation
http://www.soms.ethz.ch/



Mathematical Sociology, Chapter 4: Cooperation Heiko Rauhut Zurich October 13, 2008 11 / 63

The problem of social cooperation

Spontaneous order (Adam Smith)

An example of spontaneous order

from Keller (2003): Sprachwandel, p. 34 f.
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The problem of social cooperation

Spontaneous order (Adam Smith)

An example of spontaneous order

Such social order, which enables all participants optimal view,
is explainable with a quite simple model of selfish actors:
Everybody places him–/herself such that

I optimizes his/her view
I avoids exposition
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The problem of social cooperation

Spontaneous order (Adam Smith)

Other examples of social order

Pedestrian formations [VIDEO]
Pedestrians formations (simulation) [VIDEO]
Clapping [VIDEO]

Standing up [VIDEO]

Pedestrian lanes [VIDEO]
Pedestrian lanes [VIDEO]
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The problem of social cooperation

Spontaneous order (Adam Smith)

Adam Smith and the invisible hand
Adam Smith (1776): An Inquiry into the Nature and Causes of the
Wealth of Nations. p. 13 ff.:
The greatest improvement in the productive powers of labor [... ]
seem to have been the effects of the division of labour. [...] Man has
almost constant occasion for help of his brethren, and it is in vain
for him to expect it from their benevolence only. [...]
Whoever offers to another a bargain of any kind, proposes to do
this. Give me that which I want, and you shall have this which you
want, is the meaning of every such offer; and it is in this manner
that we obtain from one another the far greater part of those good
offices which we stand in need of.
It is not from the benevolence of the butcher, the brewer, or the
baker that we expect our dinner, but from their regard to their own
interest.
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Social norms as mechanism for cooperation

Examples of social norms

Social norms as mechanism for cooperation

Example 1
A three-year-old child, walking with its mother on a sidewalk in Berlin, unwraps a small piece
of candy and drops the cellophane on the sidewalk. An older woman who is passing by scolds
the child for dropping the cellophane and admonishes the mother for not disciplining the
child. A three-year-old child, walking with its mother on a sidewalk in New York City, unwraps
a piece of cellophane and drops the paper on the sidewalk. An older woman is passing by
says nothing, not even noticing the action of the child. Several questions are raised by this
example: Why does the woman in Berlin assume the right to scold the child and admonish
the mother? Why does a woman in a similar circumstance in New York City not do the same?
Does the woman in New York not feel she has the right to scold the child, or does her failure
to act arise from other sources?
(compare Coleman, 1990, 245)
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Social norms as mechanism for cooperation

Examples of social norms

Social norms as mechanism for cooperation

Example 2
In an an organization which provides free coffee and tea to its employees, one employee who
drinks tea goes down with his cup to the hot water dispenser. All tea bags are gone, but he
expresses no dismay, remarking to another person standing there, "This often happens, but I
have taken some tea bags back to my office just for such occasions."The other person
responds in a disapproving manner,Ït is people like you, stashing tea bags away, who create
the problem."This example also raises questions: How did the second person come to acquire
a right to express disapproval? And why did the first person leave himself open such a
comment, by his remarks? Furthermore, why does he accept the disapproval of the second
person, apparently acknowledging the right of the second person to impose this sanction?
(compare Coleman, 1990, 245)
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Social norms as mechanism for cooperation

Examples of social norms

Output restriction norm
Norm of output restriction in social groups

Homans observed in the "Bank-Wiring-Observation-Room"that
workers restricted their output despite a piecework system in
the company
Such informal norms are opposite to formal norms of
entrepreneurs
Explanation for the emergence of such a norm is that the
average worker has many advantages of that norm

I a more comfortable working day
I older colleagues are better protected
I protection from an adjustment of the piecework system to a

higher level, leading to harder work for same wage
George C. Homans, The Human Group. London: Routledge & Paul, 1975.
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Social norms as mechanism for cooperation

Examples of social norms

Output restriction norm

Despite such advantages for the social group, there are
individual incentives to deviate to reach higher output:

Output restriction norm
alter

norm compliance higher performance
ego norm compliance 3,3 -1,5

higher performance 5, -1 0,0

George C. Homans, The Human Group. London: Routledge & Paul, 1975.
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Social norms as mechanism for cooperation

Basic hypothesis of norm emergence

Social norms as mechanism to solve the dilemma
of cooperation?

Basic hypothesis for of norm emergence:
Social norms emerge if compliance leads to positive effects
(positive externalities) for the involved actors.
(compare Opp, 1983; Ullman-Margalit, 1977; Axelrod, 1984; Coleman, 1990 Ellickson,
1991; Voss, 2001)

Prisoner’s dilemma or collective goods are paradigmatic
situations for the emergence of social norms
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Social norms as mechanism for cooperation

Basic hypothesis of norm emergence

Refining examples for social norms
Every morning, Roberta practices Mozart sonatas on her piano.
(individual behavioral regularity)

During the late winter, many people in some Catholic countries
celebrate carnival.
(social custom)

In the Leipzig concerto house, the audience applauds a
performance after the final song, rather than between songs.
(convention)

In sports contests, athletes are expected to respect the rule
prohibiting the use of drugs that enhance athletic
performance.
(social norm)
compare Voss, 2001
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Social norms as mechanism for cooperation

A simple model of social norms

A simple model of social norms

Conventions
Conventions solve
coordination problems

Self-stabilizing and
self-enforcing
No incentives to deviate

Norms
Social norms solve social
dilemmas

Incentives to deviate
Enforcement through reward
or punishment
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Social norms as mechanism for cooperation

A simple model of social norms

Defintion of social norm

A social norm is
1 a behavioral regularity that is
2 based on a socially shared belief of how one ought to behave,

which triggers
3 the enforcement of the prescribed behavior by informal social

sanctions.
(compare Fehr & Gächter, 2000)
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The shadow of the future

The shadow of the future
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The shadow of the future

The shadow of the future
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The shadow of the future

The shadow of the future
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The shadow of the future

The shadow of the future
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The shadow of the future

The shadow of the future
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The shadow of the future

The shadow of the future

Chair of Sociology, in particular of Modeling and Simulation
http://www.soms.ethz.ch/



Mathematical Sociology, Chapter 4: Cooperation Heiko Rauhut Zurich October 13, 2008 29 / 63

The shadow of the future

The shadow of the future

Question: Why did soldiers not comply to the norm?
Answer: Soldiers were not embedded in common future
interactions
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The shadow of the future

The shadow of the future

from: Ashworth, 1980, 122 ff.
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The shadow of the future

The shadow of the future

from: Ashworth, 1980, 122 ff.
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The shadow of the future

The shadow of the future

from: Ashworth, 1980, 122 ff.
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The shadow of the future

The shadow of the future
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The shadow of the future

The shadow of the future

from: Ashworth, 1980, 122 ff.
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The shadow of the future

Iterated prisoner’s dilemma
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have production of its own bacteriocin 
dependent on the perceived presence of 
like hostile products in its environment, 
but it could not aim the toxin produced 
toward an offending initiator. From ex- 
isting evidence, so far from an individual 
level, discrimination seems to be by spe- 
cies rather even than variety. For exam- 
ple, a Rhizobium strain may occur in 
nodules which it causes on the roots of 
many species of leguminous plants, but it 
may fix nitrogen for the benefit of the 
plant in only a few of these species (20). 
Thus, in many legumes the Khizohium 
seems to be a pure parasite. In the light 
of theory to follow, it would be interest- 
ing to know whether these parasitized 
legumes are perhaps less beneficial to 
free living Khizohirnm in the surrounding 
soil than are those in which the full 
symbiosis is established. But the main 
point of concern here is that such dis- 
crimination by a Rhizobium seems not to 
be known even at the level of varieties 
within a species. 

As one moves up the evolutionary 
ladder in neural complexity, game-play- 
ing behavior becomes richer. The intelli- 
gence of primates, including humans, 
allows a number of relevant improve-
ments: a more complex memory, more 
complex processing of information to 
determine the next action as a function 
of the interaction so far, a better estimate 
of the probability of future interaction 
with the same individual, and a better 
ability to distinguish between different 
individuals. The discrimination of others 
may be among the most important of 
abilities because it allows one to handle 
interactions with many individuals with- 
out having to treat them all the same, 
thus making possible the rewarding of 
cooperation from one individual and the 
punishing of defection from another. 

The model of the iterated Prisoner's 
Dilemma is much less restricted than it 
may at first appear. Not only can it apply 
to interactions between two bacteria or 
interactions between two primates, but it 
can also apply to the interactions be- 
tween a colony of bacteria and, say, a 
primate serving as a host. There is no 
assumption of commensurability of 
payoffs between the two sides. Provided 
that the payoffs to each side satisfy the 
inequalities that define the Prisoner's 
Dilemma (Fig. l ) ,  the results of the anal- 
ysis will be applicable. 

The model does assume that the 
choices are made simultaneously and 
with discrete time intervals. For most 
analytic purposes, this is equivalent to a 
continuous interactiun over time, with 
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the interactions between pairs of individ- 
uals are random and not repeated, then 
any population with a mixture of herita- 
ble strategies evolves to a state where all 
individuals are defectors. Moreover, no 
single differing mutant strategy can do 
better than others when the population is 
using this strategy. In these respects the 
strategy of defection is stable. 

This concept of stability is essential to 
the discussion of what follows and it is 
useful to state it more formally. A strate- 
gy is evolutionarily stable if a population 
of individuals using that strategy cannot 
be invaded by a rare mutant adopting a 
different strategy (11). In the case of the 
Prisoner's Dilemma played only once, 
no strategy can invade the strategy of 
pure defection. This is because no other 
strategy can do better with the defecting 
individuals than the P achieved by the 
defecting players who interact with each 
other. So in the single-shot Prisoner's 
Dilemma, to defect always is an evolu- 
tionarily stable strategy. 

In many biological settings, the same 
two individuals may meet more than 
once. If an individual can recognize a 
previous interactant and remember some 
aspects of the prior outcomes, then the 
strategic situation becomes an iterated 
Prisoner's Dilemma with a much richer 
set of possibilities. A strategy would take 
the form of a decision rule which deter- 
mined the probability of cooperation or 
defection as a function of the history of 
the interaction so far. But if there is a 
known number of interactions between a 
pair of individuals, to defect always is 
still evolutionarily stable and is still the 
only strategy which is. The reason is that 
defection on the last interaction would 
be optimal for both sides, and conse-
quently so would defection on the next- 
to-last interaction, and so on back to the 
first interaction. 

Our model is based on the more realis- 
tic assumption that the number of inter- 
actions is not fixed in advance. Instead, 
there is some probability, w, that after 
the current interaction the same two 

individuals will meet again. Factors that 
affect the magnitude of this probability of 
meeting again include the average life- 
span, relative mobility, and health of the 
individuals. For any value of w, the 
strategy of unconditional defection 
(ALL D) is evolutionarily stable; if ev- 
eryone is using this strategy, no mutant 
strategy can invade the population. But 
other strategies may be evolutionarily 
stable as well. In fact, when w is suffi- 
ciently great, there is no single best 
strategy regardless of the behavior of the 
others in the population (19). Just be- 
cause there is no single best strategy, it 
does not follow that analysis is hopeless. 
On the contrary, we demonstrate not 
only the stability of a given strategy, but 
also its robustness and initial viability. 

Before turning to the development of 
the theory, let us consider the range of 
biological reality that is encompassed by 
the game theoretic approach. To start 
with, an organism does not need a brain 
to employ a strategy. Bacteria, for exam- 
ple, have a basic capacity to play games 
in that (i) bacteria are highly responsive 
to selected aspects of their environment, 
especially their chemical environment; 
(ii) this implies that they can respond 
differentially to what other organisms 
around them are doing; (iii) these condi- 
tional strategies of behavior can certain- 
ly be inherited; and (iv) the behavior of a 
bacterium can affect the fitness of other 
organisms around it, just as the behavior 
of other organisms can affect the fitness 
of a bacterium. 

While the strategies can easily include 
differential responsiveness to recent 
changes in the environment or to cumu- 
lative averages over time, in other ways 
their range of responsiveness is limited. 
Bacteria cannot "remember" or "inter- 
pret" a complex past sequence of 
changes, and they probably cannot dis- 
tinguish alternative origins of adverse or 
beneficial changes. Some bacteria, for 
example, produce their own antibiotics, 
bacteriocins; those are harmless to bac- 
teria of the producing strain, but destruc- 

(Axelrod & Hamilton, 1981)
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The shadow of the future

Iterated prisoner’s dilemma

TIT FOR TAT: Cooperate in the first move. Then copy opponents preceding move
Theorem Once TIT FOR TAT is established, it can resist invasion by any possible mutant
strategy provided that the individuals who interact have a sufficiently large probability, w, of
meeting again.
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The shadow of the future

Iterated prisoner’s dilemma

When TIT FOR TAT plays against another TIT FOR TAT, it gets a payoff of R each move for
a total of R + wR + W2R + · · ·
which is R

1−w

ALL D playing with TIT FOR TAT gets T on the first move and P thereafter, so it cannot
invade TIT FOR TAT if

R
1−w ≥ T + wP

1−w

Similarly when alternation of D and C plays against TIT FOR TAT, it gets a payoff of
wS + w2T + s3 + · · · = T+wS

1−w2

Alternation of D and C thus cannot invade TIT FOR TAT if
R

1−w ≥ T+wS
1−w2
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The shadow of the future

Iterated prisoner’s dilemma

Hence, with reference to the magnitude of w, we find that neither of these two
strategies (and hence no strategy at all) can invade TIT FOR TAT if and only if both
w ≥ T−R

T−P and
w ≥ T−R

R−S
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The shadow of the future

Axelrod’s computer tournament
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The shadow of the future

Conclusions for the evolution of cooperation

Avoid envy
Do not introduce defection
Reciprocate both cooperation and defection
Avoid too much sophistication
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Altruistic cooperation

Altruistic cooperation

Humans are much more inclined to comply with social norms
than such standard theories of rational-choice behavior
suggest
Cooperation can be achieved due to certain micro-mechanisms
Such mechanisms are against self-interest, but foster group
performance and welfare

I Preferences for conformity
I Preferences for altruistic and reciprocal behavior, shown in

simple experiments with dictator, ultimatum and trust games
I Preferences of inequality aversion
I Preferences for altruistic punishment of free-riders and deviants

even at own costs
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Altruistic cooperation

Altruistic behavior in dictator games

In order to investigate morality of humans, it is necessary to
conduct carefully controlled experiments, in particular:
Avoid relationships between subjects to control for effects of
shadow of the future, direct or indirect reciprocity
Thus, investigate minimal one-shot interactions between
strangers
Laboratory studies of dictator games suit such necessities and
are parsimonious models of cooperation problems
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Altruistic cooperation

Altruistic behavior in ultimatum games

from Camerer, 2003, 10
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Altruistic cooperation

Cultural constants & differences in ultimatum
bargaining

from Camerer, 2003, 72
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Altruistic cooperation

Cultural constants & differences in ultimatum
bargaining

from Camerer, 2003, 73
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Altruistic cooperation

Cultural constants & differences in ultimatum
bargaining

Self-interest typically violated over all cultures:
Considerable sharing and rejection of hyper-fair offers
Subtle differences according sharing norms in different
societies
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Altruistic cooperation

Powerful reciprocal behavior in variants of the
dictator game

Reciprocal preferences are even stronger than altruistic
preferences in humans
Reciprocal behavior occurs even among strangers
Illustrated with a simple refinement of the dictator game by
Diekmann (2003), called the sequential dictator game
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Altruistic cooperation

Powerful reciprocal behavior in sequential dictator
game

498 JOURNAL OF CONFLICT RESOLUTION
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Figure 1: Distribution of Tokens Shared by Actor 2 under Various Conditions of Generosity
of Actor 1

NOTE: (A) n = 24, player 1 shared 20% in the first round; (B) n = 24, player 1 shared 50% in the first round;
(C) n = 21, player 1 shared 60% in the first round. Analysis of variance: F(2, 66) = 17.03; p = 0.000.

A)

B)

C)

NOTE: (A) n = 24, player 1 shared 20% in the first round; Analysis of variance: F(2, 66) = 17.03; p = 0.000.

from Diekmann, 2003, 498
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Altruistic cooperation

Powerful reciprocal behavior in sequential dictator
game
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NOTE: (A) n = 24, player 1 shared 20% in the first round; (B) n = 24, player 1 shared 50% in the first round;
(C) n = 21, player 1 shared 60% in the first round. Analysis of variance: F(2, 66) = 17.03; p = 0.000.
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NOTE: (B) n = 24, player 1 shared 50% in the first round; Analysis of variance: F(2, 66) = 17.03; p = 0.000.
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Altruistic cooperation

Powerful reciprocal behavior in sequential dictator
game
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NOTE: (A) n = 24, player 1 shared 20% in the first round; (B) n = 24, player 1 shared 50% in the first round;
(C) n = 21, player 1 shared 60% in the first round. Analysis of variance: F(2, 66) = 17.03; p = 0.000.
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NOTE: (C) n = 21, player 1 shared 60% in the first round. Analysis of variance: F(2, 66) = 17.03; p = 0.000.
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Altruistic cooperation

Powerful reciprocal behavior in sequential dictator
game

Diekmann / THE POWER OF RECIPROCITY 499
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Figure 2: Percent of Tokens Shared in the Low-Stake and High-Stake Conditions
NOTE: Analysis of variance: F(2, 77) = 1.01; p = 0.37. (A) n = 22; (B) n = 38, player 1 shared 50% in the first
round; (C) n = 20, player 1 shared 50% in the first round.

A) Simple dictator

B) Sequential dictator,
low stake

C) Simple dictator,
high stake

from Diekmann, 2003, 499
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Altruistic cooperation

Powerful reciprocal behavior in sequential dictator
game
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Powerful reciprocal behavior in sequential dictator
game
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Altruistic cooperation

Inequality aversion

Inequality aversion
Dictator and ultimatum experiments show that humans are
aversive for inequality
A parsimonious model of inequality aversion is provided by
Fehr and Schmidt (1999)

in the following we restrict attention to individual behavior in
economic experiments, we have to make assumptions about
reference groups and outcomes that are likely to prevail in this
context. In the laboratory it is usually much simpler to de�ne
what is perceived as an equitable allocation by the subjects. The
subjects enter the laboratory as equals, they do not know any-
thing about each other, and they are allocated to different roles in
the experiment at random. Thus, it is natural to assume that the
reference group is simply the set of subjects playing against each
other and that the reference point, i.e., the equitable outcome, is
given by the egalitarian outcome.

More precisely, we assume the following. First, in addition to
purely sel�sh subjects, there are subjects who dislike inequitable
outcomes. They experience inequity if they are worse off in
material terms than the other players in the experiment, and they
also feel inequity if they are better off. Second, however, we
assume that, in general, subjects suffer more from inequity that is
to their material disadvantage than from inequity that is to their
material advantage. Formally, consider a set of n players indexed
by i [ 1, . . . , n , and let x 5 x1, . . . , xn denote the vector of mone-
tary payoffs. The utility function of player i [ 1, . . . , n is given by

(1) Ui(x) 5 xi 2 a i

1

n 2 1 o
jÞ i

max xj 2 xi,0

2 b i

1

n 2 1 o
jÞ i

max xi 2 xj,0 ,

where we assume that b i # a i and 0 # b i , 1. In the two-player
case (1) simpli�es to

(2) Ui(x) 5 xi 2 a i max xj 2 xi,0 2 b i max xi 2 xj,0 , i Þ j.

The second term in (1) or (2) measures the utility loss from
disadvantageous inequality, while the third term measures the
loss from advantageous inequality. Figure I illustrates the utility
of player i as a function of xj for a given income xi. Given his own
monetary payoff xi, player i’s utility function obtains a maximum
at xj 5 xi. The utility loss from disadvantageous inequality (xj . xi)
is larger than the utility loss if player i is better off than player
j(xj , x i).6

6. In all experiments considered in this paper, the monetary payoff functions
of all subjects were common knowledge. Note that for inequity aversion to be

QUARTERLY JOURNAL OF ECONOMICS822

Inequity aversion can explain why altruistic punishment can
increase cooperation among mixed social groups

Chair of Sociology, in particular of Modeling and Simulation
http://www.soms.ethz.ch/



Mathematical Sociology, Chapter 4: Cooperation Heiko Rauhut Zurich October 13, 2008 55 / 63

Altruistic cooperation

Altruistic punishment

Altruistic punishment

14±20 MUs less than the average investment of the other group
members during periods 5 and 6, the total group expenditures for
punishing this subject were almost 10 MUs. Moreover, the more a
subject's investment fell short of the average investment of the other
three group members, the more the subject was punished. The
pattern and strength of punishment was also stable across time (Fig.
1). AWilcoxon signed rank test of punishment in periods 1±4 versus
periods 5 and 6, with 10 matched observations, yields z = -1.07, P =
0.285 (two-tailed). The same test for periods 1±5 versus period 6
yields z = 0.178, P = 0.859 (two-tailed).

We examined how the group expenditures for the punishment of
member i varied with the positive and the negative deviation of
member i's cooperation from the average cooperation of the others.
Our examination is based on Tobit regressions. The regression
coef®cient on `negative deviation' is 0.622 (z = 18.1, P , 0.0005)
and the coef®cient on `positive deviation' is ±0.149 (z = -2.86, P ,
0.004). The hypothesis tests associated with the regression are based
on robust standard errors that take into account that only the
observations across sessions are independent and that punishment
is a censored variable. The average cooperation of other group
members, if added as an explanatory variable to the regression, is
insigni®cant (z = -0.99, P = 0.322). This analysis indicates that an
increase in the negative deviation of i from the others' average
cooperation by 10 MUs increased the punishment expenditure of
the others by 6.22 MUs (and, hence, the pay-off reduction imposed
on i by 18.66 MUs), whereas an increase in the positive deviation of i
by 10 MUs reduced the punishment expenditure by 1.49 MUs. This
punishment pattern led to a hump-shaped relation between an
individual's income and the deviation from the average cooperation
of the other group members. The income was highest when the
individual's investment was close to the average investment of the
others. Both positive and negative deviations from the average
investment decreased an individual's income.

The punishment of non-cooperators substantially increased the
amount that subjects invested in the public good. In the ®ve sessions
where the punishment condition was the ®rst treatment (Fig. 2a),
the average cooperation level was much higher in the punishment
condition (Wilcoxon signed rank test, ®ve matched observations,
z = -2.023, P = 0.043, two-tailed). The average investment of
94.2% of the subjects was higher in the punishment condition. In
fact, the average investment in the punishment condition was higher
in each session and in each period than the average investment in

any of the periods and sessions of the no-punishment condition.
The time trend of the average investment was also rather different in
the two conditions (Fig. 2a). Although cooperation increased over
time in the punishment condition, it sharply decreased in the no-
punishment condition. In the ®nal period of the punishment
condition, 38.9% of the subjects contributed their whole endow-
ment and 77.8% contributed 15 MUs or more. In the ®nal period of
the no-punishment condition, 58.9% of the subjects contributed
nothing and 75.6% contributed 5 MUs or less.

A very similar pattern emerged in the sessions where the no-
punishment condition came ®rst (Fig. 2b). The average cooperation
again was much higher in the punishment condition (Wilcoxon
signed rank test, ®ve matched observations, z = 2.023, P = 0.043,
two-tailed). In the punishment condition, 91.4% of the subjects
contributed more than in the no-punishment condition. In addi-
tion, although the average investment decreased in the no-punish-
ment condition, it increased sharply in the punishment condition.
Moreover, Fig. 2b indicates that the punishment threat was immed-
iately effective because there was a large upwards jump in invest-
ments when the punishment opportunity was made available to the
subjects. It also turns out that the sequence of the treatments had no
effect on cooperation. Investments in the punishment condition
were similar, irrespective of whether this condition came ®rst or
second in a session (Mann±Whitney test, z = 0.104, d.f. = 4, P =
0.918, two-tailed). The same held for the no-punishment condition
(Mann±Whitney test, z = 1.358, d.f. = 4, P = 0.175, two-tailed).
Thus, we can use the data of all ten sessions to compare the average
investments across conditions so that the differences are signi®cant
at a much higher level (Wilcoxon signed rank test, ten matched
observations, z = 2.803, P = 0.005, two-tailed).

It is not only the punishment opportunity (that is, the non-
executed punishment threat) but also the actual punishment that
raised cooperation levels. When a subject was punished before
period 6, that subject raised investment in the next period on
average by 1.62 MUs. Note, however, that this does not constitute
an indirect material bene®t of the act of punishment for an
individual punisher, because the punishing subject never meets
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Figure 1 Mean expenditure on punishment during different time intervals as a function of

the deviation of the cooperation of the punished group member from the mean

cooperation of the other members. Each money unit (MU) spent on punishment reduced

the income of the punished member by 3 MUs. The numbers above the bars indicate the

relative frequency of the observations underlying the bars. For example, during periods

1±4, individual group members deviated between -20 and -14 MUs from the average

cooperation of other group members in 3.1% of all cases.
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a, During the ®rst six periods, subjects have the opportunity to punish the other group
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possible.
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Altruistic cooperation

Altruistic punishment

Altruistic punishment and its effect on cooperation

14±20 MUs less than the average investment of the other group
members during periods 5 and 6, the total group expenditures for
punishing this subject were almost 10 MUs. Moreover, the more a
subject's investment fell short of the average investment of the other
three group members, the more the subject was punished. The
pattern and strength of punishment was also stable across time (Fig.
1). AWilcoxon signed rank test of punishment in periods 1±4 versus
periods 5 and 6, with 10 matched observations, yields z = -1.07, P =
0.285 (two-tailed). The same test for periods 1±5 versus period 6
yields z = 0.178, P = 0.859 (two-tailed).

We examined how the group expenditures for the punishment of
member i varied with the positive and the negative deviation of
member i's cooperation from the average cooperation of the others.
Our examination is based on Tobit regressions. The regression
coef®cient on `negative deviation' is 0.622 (z = 18.1, P , 0.0005)
and the coef®cient on `positive deviation' is ±0.149 (z = -2.86, P ,
0.004). The hypothesis tests associated with the regression are based
on robust standard errors that take into account that only the
observations across sessions are independent and that punishment
is a censored variable. The average cooperation of other group
members, if added as an explanatory variable to the regression, is
insigni®cant (z = -0.99, P = 0.322). This analysis indicates that an
increase in the negative deviation of i from the others' average
cooperation by 10 MUs increased the punishment expenditure of
the others by 6.22 MUs (and, hence, the pay-off reduction imposed
on i by 18.66 MUs), whereas an increase in the positive deviation of i
by 10 MUs reduced the punishment expenditure by 1.49 MUs. This
punishment pattern led to a hump-shaped relation between an
individual's income and the deviation from the average cooperation
of the other group members. The income was highest when the
individual's investment was close to the average investment of the
others. Both positive and negative deviations from the average
investment decreased an individual's income.

The punishment of non-cooperators substantially increased the
amount that subjects invested in the public good. In the ®ve sessions
where the punishment condition was the ®rst treatment (Fig. 2a),
the average cooperation level was much higher in the punishment
condition (Wilcoxon signed rank test, ®ve matched observations,
z = -2.023, P = 0.043, two-tailed). The average investment of
94.2% of the subjects was higher in the punishment condition. In
fact, the average investment in the punishment condition was higher
in each session and in each period than the average investment in

any of the periods and sessions of the no-punishment condition.
The time trend of the average investment was also rather different in
the two conditions (Fig. 2a). Although cooperation increased over
time in the punishment condition, it sharply decreased in the no-
punishment condition. In the ®nal period of the punishment
condition, 38.9% of the subjects contributed their whole endow-
ment and 77.8% contributed 15 MUs or more. In the ®nal period of
the no-punishment condition, 58.9% of the subjects contributed
nothing and 75.6% contributed 5 MUs or less.

A very similar pattern emerged in the sessions where the no-
punishment condition came ®rst (Fig. 2b). The average cooperation
again was much higher in the punishment condition (Wilcoxon
signed rank test, ®ve matched observations, z = 2.023, P = 0.043,
two-tailed). In the punishment condition, 91.4% of the subjects
contributed more than in the no-punishment condition. In addi-
tion, although the average investment decreased in the no-punish-
ment condition, it increased sharply in the punishment condition.
Moreover, Fig. 2b indicates that the punishment threat was immed-
iately effective because there was a large upwards jump in invest-
ments when the punishment opportunity was made available to the
subjects. It also turns out that the sequence of the treatments had no
effect on cooperation. Investments in the punishment condition
were similar, irrespective of whether this condition came ®rst or
second in a session (Mann±Whitney test, z = 0.104, d.f. = 4, P =
0.918, two-tailed). The same held for the no-punishment condition
(Mann±Whitney test, z = 1.358, d.f. = 4, P = 0.175, two-tailed).
Thus, we can use the data of all ten sessions to compare the average
investments across conditions so that the differences are signi®cant
at a much higher level (Wilcoxon signed rank test, ten matched
observations, z = 2.803, P = 0.005, two-tailed).

It is not only the punishment opportunity (that is, the non-
executed punishment threat) but also the actual punishment that
raised cooperation levels. When a subject was punished before
period 6, that subject raised investment in the next period on
average by 1.62 MUs. Note, however, that this does not constitute
an indirect material bene®t of the act of punishment for an
individual punisher, because the punishing subject never meets
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relative frequency of the observations underlying the bars. For example, during periods

1±4, individual group members deviated between -20 and -14 MUs from the average

cooperation of other group members in 3.1% of all cases.

0
2
4
6
8

10
12
14
16
18
20

1 2 3 4 5 6 1 2 3 4 5 6

M
ea

n 
co

op
er

at
io

n 
(M

U
s)

With punishment Without punishmenta

1 2 3 4 5 6 1 2 3 4 5 6
Period

M
ea

n 
co

op
er

at
io

n 
(M

U
s)

 

With punishmentWithout punishmentb

0
2
4
6
8

10
12
14
16
18
20

Figure 2 Time trend of mean cooperation together with the 95% con®dence interval.

a, During the ®rst six periods, subjects have the opportunity to punish the other group

members. Afterwards, the punishment opportunity is removed. b, During the ®rst six

periods, punishment of other group members is ruled out. Afterwards, punishment is

possible.
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Altruistic punishment

Altruistic third party punishment

and Ockenfels (2000) and the pure reciprocity approach, as modeled by Rabin (1993) and

Dufwenberg and Kirchsteiger (in press), have problems in explaining the evidence. Bolton

and Ockenfels (BO) assume that a player is motivated by both the player’s own material

payoff and relative share of the total payoff, so if the relative share of player i is below or

above the fair share defined by 1/n (where n is the total number of players), player i

experiences a nonpecuniary disutility. Player i is therefore willing to punish in order to move

his or her own share closer to the fair share. In the TP-DG, however, C was endowed with 50

points, A with 100 points, and B with 0, so regardless of what A transferred to B, C always

had a ‘‘fair share’’ of 1/3, and BO predicts zero punishment. This failed prediction is not just

an artifact of the fact that we endowed C with exactly one third. Imagine, instead, that C’s

endowment were only 30 points so that a C with BO preferences has less (i.e., 30/130) than a

fair share; such a C should still never punish, since by spending a point on punishment C

reduces his or her own payoff by 1 and the total payoff by 4, further decreasing his or her

relative share of the total payoff to 29/126.4 Finally, the BO approach is mute with regard to

the punishment target in the TP-DG because—as long as A has transferred some money—C’s

Fig. 2. Pattern of third-party punishment in the dictator game.

4 To illustrate this point assume that the endowment of the third party is x< 33.3 and punishment is denoted

by p. Then the third party’s relative share after punishment is (x� p)/(100 + x� 4p). Differentiating this term with

respect to p yields (3x� 100)/(100x� 4p)2. This derivative is negative for x < 100/3 so that punishment decreases

the relative share of the third party.

E. Fehr, U. Fischbacher / Evolution and Human Behavior 25 (2004) 63–8770

from Fehr, Fischbacher, 2004, 70
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Altruistic cooperation

Altruistic punishment

The wish for altruistic punishment

The Competitive Advantage of
Sanctioning Institutions
Özgür Gürerk,1 Bernd Irlenbusch,2 Bettina Rockenbach1*

Understanding the fundamental patterns and determinants of human cooperation and the
maintenance of social order in human societies is a challenge across disciplines. The existing
empirical evidence for the higher levels of cooperation when altruistic punishment is present versus
when it is absent systematically ignores the institutional competition inherent in human societies.
Whether punishment would be deliberately adopted and would similarly enhance cooperation when
directly competing with nonpunishment institutions is highly controversial in light of recent
findings on the detrimental effects of punishment. We show experimentally that a sanctioning
institution is the undisputed winner in a competition with a sanction-free institution. Despite initial
aversion, the entire population migrates successively to the sanctioning institution and strongly
cooperates, whereas the sanction-free society becomes fully depopulated. The findings demonstrate
the competitive advantage of sanctioning institutions and exemplify the emergence and
manifestation of social order driven by institutional selection.

T
he uniqueness of human cooperation

necessitates investigations that reach

beyond the explanations of cooperative

behavior of nonhuman animals (1–5). Profound

empirical evidence shows that the possibility of

sanctioning norm violators stabilizes human co-

operation at a high level, whereas cooperation

typically collapses in the absence of sanctioning

possibilities (6–11). Would a sanctioning insti-

tution deliberately be adopted when individuals

can choose between a sanctioning and a sanction-

free institution? The considerable payoff losses

in the process toward stable cooperation—for

both the punishers and the punished individuals—

as well as natural resentments against punish-

ment caused, for example, by its detrimental

effects (12) might guide individuals_ choice

toward the sanction-free institution.

The argument that higher cooperation levels

in sanctioning institutions Bautomatically[ lead

to their prevalence—because rational individu-

als choose the institution with the higher payoff

(13)—is often brought forward as an affirma-

tive argument for the competitive advantage

of sanctioning institutions. The force of this

argument can be questioned, however, because

it displaces rather than solves the evolutionary

puzzle of human cooperation. The reason for

this is that stable cooperation requires a positive

share of individuals who carry personal costs

for cooperation and punishment to the benefit

of the entire group (14–16). These individuals

have a clear payoff disadvantage compared to

cooperators who free-ride on the punishment

acts. Recent research shows that a positive

share of strong reciprocators—cooperating indi-

viduals who are willing to reward fair behavior

and to punish unfair behavior even when they

cannot gain materially from doing so—can be

evolutionarily stable (17, 18). But what happens

if the population is perfectly mobile and is per-

manently invaded by outsiders from a nonco-

operative environment who are attracted by

high payoffs from cooperation? Is the fraction

of strong reciprocators who choose the sanc-

tioning institution sufficiently large to keep up

the cooperative culture? These arguments cast

serious doubt on the prevalence of sanctioning

institutions.

However, several affirmative arguments for

the competitive advantage of sanctioning insti-

tutions also come to mind, e.g., the large number

of institutional frameworks that facilitate the

sanctioning of norm violators in human societies

(19–21) and the recent finding that humans

derive satisfaction from punishing defectors

(22). Additionally, theories of cultural and in-

stitutional selection (23–26) that are grounded

on the exceptional human ability of social

learning support the competitive advantage of

sanctioning institutions. They suggest that

individuals preferentially migrate to groups

with higher payoffs and imitate the decisions

prevalent in these groups. Hence, group mem-

bers punish, because it is common to do so.

When cooperation is sufficiently widespread, the

payoff-disadvantage from punishing is relatively

small, and only a weak tendency for conformist

behavior suffices to stabilize the punishment of

noncooperators.

We inquire into the competitive advantage

of sanctioning institutions in a laboratory ex-

periment in whichwe implement permanent com-

petition between a sanctioning and a sanction-free

institution through endogenous choice. It allows

one to study the evolution of the different insti-

tutions over time as well as the changes in be-

havior in the same individual when participating

in different social settings.

In our experiment, 84 participants anony-

mously interact in a social dilemma situation in

30 repetitions. Each repetition consists of three

stages: An institution choice stage (S0), a vol-

untary contribution stage (S1), and a sanctioning

stage (S2). In stage S0, the participants simulta-

neously and independently choose between a

sanctioning institution (SI) and a sanction-

free institution (SFI) in which neither positive

sanctioning (rewards) nor negative sanction-

ing (punishment) is possible. In stage S1, each

participant interacts in a public goods game

with all other participants who have chosen the

same institution in S0; each player is endowed

with 20 money units (MUs) and may contribute

between 0 and 20 MUs to a public good. Each

group member equally profits from the public

good, independent of his or her own contribu-
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Fig. 1. Subjects’ choice of institution and their contributions. The average contributions in both
institutions over the 30 periods of the interaction are measured as the percentage of endowment
contributed to the public good.
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Conclusion

Conclusion
Invisible hand phenomena can induce self-organized social
order (Adam Smith)
For dilemma situations, a Leviathan can solve the problem of
social cooperation (Thomas Hobbes)
Social norms can work as a mechanism of social cooperation
Shadow of the future can work as a mechanism of social
cooperation
However, for strongly selfish individuals, social norms work
only together with shadow of the future
Humans are not as egoistic as suggested by standard
rational-choice theory
Altruism is another mechanism of cooperation
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