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Chapter 1

Motivation and outline
In many social and economic situations groups of agents, such as people or firms,
face a conflict between their individual self interests and the common interests of
the group as a whole. Such situations are referred to as the social dilemmas and
have long been a theme of research in social sciences (see Dawes, 1980). Agents
are said to cooperate in social dilemmas when their decisions support a common
good of their reference group. If instead they pursue their individual egoistic
interests, in conflict with the common good, then they are said to free-ride, or
defect.
There are many examples of social dilemmas that economists find relevant,
such as arms races or trade negotiations between countries, pollution within
cities, knowledge and innovation sharing between private firms, provision of
freely available scientific knowledge, and use of public resources such as forests
and fisheries (see Hardin, 1968, Dawes, 1980, Axelrod, 1984, and Stiglitz, 1999
for elaboration of these and other examples). Failure to cooperate is usually
associated with a loss of efficiency and the economic profession is interested in
identifying cases of successful cooperation, and the mechanisms through which
cooperation is achieved.
As an example, consider the following social dilemma that often faces a group
of graduate students. On Sunday evenings one of the students invites a limited
number of others for a dinner at her or his house. The guests are asked to
contribute a bottle of a nice wine, while all else is provided by the host. It is
always an enjoyable event, and rarely does anyone decline an invitation. Hosting
a dinner, however, involves substantial costs in terms of money, effort and time,
as well as the risk that the culinary effort would fail. Many, hence, shy away from
hosting while maintaining their presence as guests. In other words, all students
benefit if everyone occasionally hosts a diner, but if each student prefers to
free-ride on the cooperative culinary efforts of other students then there are no
dinners. Hence the dilemma. Interestingly, the student dinners often take place,
but the hosts typically select their guests only among the students that have
hosted a dinner in the recent past.
Standard theory typically predicts no cooperation. The free-riding hypothe-

sis asserts that agents always act in compliance with their individual self interests and therefore fail to achieve any cooperation in social dilemmas. Thomas
Hobbes, for example, argued already in the 17 th century that cooperation must
be externally enforced to avoid societies plunging into universal free-riding and
anarchy (Hobbes, 1651). The free-riding hypothesis is, however, not consistently
supported by empirical evidence. Anthropological literature has documented a
number of cases of cooperation in societies that lack formal institutions of enforcement (Mauss, 1967, Sahlins, 1972). People seem to be especially successful
in overcoming social dilemmas in small groups and in networks of reciprocal
exchange (Lomnitz, 1977, Healey, 1990, Fafchamps and Lund, 2003).
Casual observation is sufficient to realize that people often cooperate. We
all encounter social dilemmas in our daily social interactions with other people.
Information sharing, organization of social events, and exchange of financial and
other help are common instances of social dilemmas that take place in networks
of social relations, referred to as the social networks. If all people only pursued
their immediate private interests we would have little reason to establish friendly
relations. Yet, most people do keep friends and enter willingly with them into
interactions with the character of a social dilemma. In these interactions many
behave cooperatively, sharing advice and valuable information, spending time to
give help, and exchanging financial assistance, all this in absence of an external
enforcing authority. Such is the apparent association of social networks with
cooperation that some social scientists consider them as a sort of capital of
individuals and groups, that is, their "social" capital (Coleman, 1988, Putnam,
2000). Given this evidence it is in order to ask: what drives cooperation in social
networks?
Several answers have been proposed in the theoretical literature. One line
of research investigates the role of reputation. Standard models of economic
action assume that atomized actors interact in anonymous markets. Cooperation may indeed be difficult to achieve in such an anonymous setting. In social
networks, however, interactions are repeated and non-anonymous. Friedman
(1971) and Kreps et al. (1982), for example, show analytically that cooperation
can be achieved within pairs of rational and selfish agents if they repeatedly interact with each other. Another line of research, instigated by Coleman (1984)
and Granovetter (1985), suggests that cooperation may be further enhanced if
interaction is structured. This conjecture is analytically investigated by Nowak
and May (1992) and Eshel et al. (1998b) who compare structured groups, where
agents interact through networks, with unstructured groups in which each agent
interacts with all other agents. Assuming that behavior spreads by means of
imitation they show that cooperation may survive in structured groups but not
in the unstructured ones. However, the results of laboratory experiments do
not support all these claims. Experimental studies by Cooper et al. (1996) and
Huck et al. (2004) provide evidence for the result that pairs of players achieve
high cooperation in repeated interaction, but suggests that it cannot be generalized to groups with three or more agents. Laboratory studies by Kirchkamp
and Nagel (2000) and Cassar (2002) suggest that cooperation is equally hard to
achieve in structured and in unstructured groups.
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A more promising result for explaining cooperation in networks comes from a
third line of research that investigates two-agent social dilemma situations with
voluntary entry. In such a situation each of the agents decides whether or not
to enter with the other into a relationship in which they would face a social
dilemma. The interaction takes place only if both players decide to enter, while
otherwise both players take an outside option. Orbell et al. (1984) argue that
cooperators overestimate the propensity of others to cooperate and, compared
to free-riders, relatively more frequently participate in the social dilemma. They
conjecture that such self-selection leads to high cooperation in established bilateral relations. Experiments by Orbell and Dawes (1993) and Hauk and Nagel
(2001) support this conjecture, both in the two-agent and in the multi-agent
setting.
In this thesis we take the investigation of cooperation in networks one step
further in a natural way. We consider endogenous networks, that emerge as a result of agents' endogenous choices of the partners for interaction, and investigate
the simultaneous evolution of cooperation and of network structures in social
dilemmas. Our main motivation to study cooperation in endogenous networks
is that many real-life situations are better captured by the assumption that the
networks are established by the agents themselves, instead of being imposed on
the agents exogenously. It seems intuitive that people tend to manipulate social
relationships on the basis of observed past behavior. The endogenous choice of
interaction partners may, however, be explanatory for the observed cooperation
in social networks. For example, cooperators may form social ties with other
cooperators and exclude those that cheat. In repeated situations cooperators
can identify each other and establish highly cooperative network clusters. As
the sizes of cooperative clusters increase the tolerance of free-riders may decline.
As a consequence of the threat of exclusion, the free-riding agents may switch
to cooperation.
Our analysis relies on the tools of game theory, which is suitable to study both
cooperation and network formation. We use a non-cooperative game to model a
social dilemma on an endogenous interaction network. We investigate the game
using three different approaches. We begin with a standard equilibrium analysis
of the game. We then set up laboratory experiments to study actual behavior in
this game. Finally, we use computer simulations to investigate the dynamics of
adaptive behavior under the assumption that the game is played by boundedly
rational agents.
Each of our three approaches is motivated, presented and discussed in a separate chapter. In chapter 4 we focus on equilibrium analysis, in chapter 5 on
laboratory experiments, and in chapter 6 on computer simulations. Each of
these chapters is structured as follows. In the introduction to the chapter we
motivate the methodology and discuss our research in view of the related literature. We then describe the details of the approach and specify our results.
We proceed with a critical discussion of our assumptions and wrap up the chapter with a summary of the main conclusions. The mathematical appendices
contain proofs that are not essential to grasp the arguments in the main body
of the chapter. The three lines of literature related to our three approaches
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are quite distinct and instead of giving a combined overview we discuss each
line separately in the appropriate chapter. Conclusions are also discussed in
the corresponding chapters and we do not restate them in a separate summary
chapter. Therefore, each of the chapters 4-6 can be read in conjunction with
the definition of our model in chapter 3 and independently of the rest of the
thesis. The three chapters are, however, fairly interrelated and are organized in
a logical sequence.
We give next a brief overview of the different chapters and their main conclusions. In chapter 2 we describe the basic concepts of the theory of noncooperative games, the mathematical theory of networks, and the theory of
Markov chains. In chapter 3 we introduce the model of a social dilemma on endogenous networks that we study throughout the thesis: the network dilemma
game. The network dilemma game is, essentially, a multi-player Prisoner's
dilemma game in which the interaction network depends on the player's choices
of their interaction partners. We conclude chapter 3 with a discussion of our
model.
In chapter 4 we study subgame-perfect equilibria of various finitely repeated
network dilemma games. We consider games in which players are constrained
in the number of other players with whom they can interact, and games in
which interaction is costly. Our main conclusion is that for many such games
a subgame-perfect equilibrium exists in which all players cooperate during all
but the final few periods, given that the number of periods is sufficiently large.
A sufficient condition for existence of such a subgame-perfect equilibrium is,
roughly, that the set of Nash equilibrium networks includes several networks
with no isolated players, but not the complete network. These results imply
that it is possible to achieve cooperation in a subgame-perfect equilibrium of
a finitely repeated Prisoner's dilemma game if it is played on an endogenous
network.
In chapter 5 we describe an experimental investigation of behavior in finitely
repeated network dilemma games. We focus on games with no interaction costs
or constraints. Our analysis in chapter 4 predicts no cooperation in such games.
In contrast, in all our experimental games we observe, on average, high and
increasing cooperation during all but the last few periods. Our main conclusions
are that people are willing to enter into risky social dilemma situations, that
they use costly exclusion as a means of retaliation for free-riding, and that
partner selection is a powerful means for promoting cooperation. Our further
analysis suggests that behavior in our experimental games cannot be explained
by altruism (Levine, 1998) or inequity aversion (Fehr and Schmidt, 1999) of our
subjects.
In chapter 6 we investigate the dynamics of cooperation and exclusion of freeriders in groups of fictitious players with "limited forward looking" who repeatedly play the network dilemma game with no interaction costs or constraints.
We assume that players choose simple behavioral rules which maximize their
payoffs across a limited number of future periods. In this sense the players
are non-myopic best-responders. Our main conclusion is that limited forward
looking is sufficient to achieve modest amounts of cooperation in some network
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dilemma games. We also observe that cooperation is further facilitated if players
are highly altruistic, but only if they are forward looking.
Finally, in this thesis we want to advance a few general messages, in addition
to our specific results in chapters 4-6. First, in the traditional models of social
dilemmas in economics the agents have no other option but to participate in a
dilemma. This may be a fair description of the situation that inspired the use
of the term "Prisoner's dilemma", but there are also many real-life situations in
which social or economic agents have more freedom to select with whom they
are willing to interact. The results of our chapters 4 and 5 suggest that economic
models of such situations are not complete unless they include the endogenous
selection of interaction partners.
Second, in chapter 6 we study a model of agents with limited foresight. People
do not have an unlimited ability of predicting behavior of others, and assuming
this can lead to empirically inaccurate predictions about their behavior in dynamic situations. On the other hand, it also seems unreasonable to think that
people have no ability to predict the consequences of their actions. We therefore suggest that realism of models of human decision-making would improve if
humans were modeled as agents with limited foresight.
All in all, our goal in this thesis is to take our understanding of how individuals
behave in social dilemma-type situations one step further. Our results suggest
that cooperation is much more likely among individuals who are free to decide
with whom they enter in a social dilemma-type situation. The methods that we
develop in this thesis may facilitate analysis of future models of decision-making
on endogenous networks.
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