
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Exclusion and cooperation in networks

Ule, A.

Publication date
2005

Link to publication

Citation for published version (APA):
Ule, A. (2005). Exclusion and cooperation in networks. [Thesis, fully internal, Universiteit van
Amsterdam]. Thela Thesis.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/exclusion-and-cooperation-in-networks(198e7ea2-52e4-443a-9606-a6f3748dd564).html


Chapter 5 

Exclusion and cooperation 
in experiments 

Laboratory experiments are a useful way of gathering observations about hu
man decision-making in controlled environments. A careful experimental design 
can give valuable indications about human decision-making in economic envi
ronments outside the laboratory. Experimental data is in general replicable 
and is less prone to problems of missing observations and measurement errors, 
compared to empirical data collected in the field. The experimental method is 
especially useful to explore dynamics of behavior in situations for which empir
ical observations are otherwise difficult to collect, for example, the dynamics of 
behavior in social and economic networks. 

In this chapter we use the experimental method to study the co-evolution of 
cooperation and exclusion, the network structure, and norms of behavior, in 
various network dilemma games. We study games with mutual link formation, 
no linking constraints and no linking costs. We vary the value of the outside 
option and the information flow through the network. Our main conclusions 
are that subjects establish cooperative networks and exclude defectors under all 
outside option values, and that information affects the spread of cooperation. 
A benchmark experiment where a prisoner's dilemma is played on a fixed net
work confirms that cooperation dramatically increases when subjects are free to 
choose their interaction partners. In one treatment with endogenous network 
formation the average frequency of cooperation is 93 percent. 

In the following section we outline our approach and the position of our ex
periment in view of the related experimental literature. The details of our 
experimental design and our research questions are given in section 5.2. Exper
imental procedures are given in section 5.3. In section 5.4 we list the theoretical 
equilibrium predictions using the analysis in the previous chapter, as well as 
our alternative hypotheses that are based on the results of other related ex
periments. We list, motivate and discuss our results in section 5.5. In section 
5.6 we apply two models of social preferences to characterize equilibria of the 



games in our experiment when played by other-regarding players. We mea
sure the other-regarding preferences of the participants in our experiment and 
investigate whether their cooperation can be related to their preferences. We 
summarize in section 5.7. 

5.1 Introduction 

The experimental evidence about behavior in social dilemma games is rather 
mixed. On the one hand, experiments with prisoner's dilemma games typically 
report substantial levels of cooperation, with averages significantly above the 
theoretical prediction of no cooperation. Similarly, the average contributions 
in experimental public goods game often significantly exceed the theoretically 
predicted level of uniform free-riding. These observations encourage the view 
that the free-rider problem can be overcome without the exogenous support of 
institutional enforcements. 

On the other hand, the evidence from experiments with repeated social di
lemma games does not support this view. In repeated multi-player prisoner's 
dilemma games most subjects eventually defect, and contributions in repeated 
public goods games steadily decrease toward the theoretically predicted level of 
free-riding. One exception is the repeated two-player prisoner's dilemma game 
in which cooperation is often sustained by subjects who using tit-for-tat types 
of strategies (Cooper et al., 1996). 

As a consequence of the diverse evidence the social dilemmas remain among 
the most investigated topics in experimental economics. A recent major advance 
came with the experimental study by Fehr and Gachter (2000) who demonstrate 
that contributions in the experimental public good game can be sustained at 
high levels if subjects have the possibility to punish other players. In contrast 
with the theoretical prediction they observe a widespread willingness among 
subjects to incur costs to punish free-riders. Crucially, they also report that 
this willingness does not disappear over periods, which is necessary for the 
observed steady increase in contributions. This observation matches the general 
experimental evidence that many subjects behave reciprocally (Güth et al., 1982; 
Fehr et al., 1993; Berg et al., 1995; Brandts and Schram, 2000; Fischbacher et al., 
2001; Seinen and Schram, 2001), and that frequency and strength of reciprocal 
behavior do not decline over time (Roth et al., 1991; Fehr et al., 1993; Fehr and 
Gachter, 1998). 

Punishment is a mechanism that gives reciprocal types of people an oppor
tunity to retaliate, and thus reduces free-riding. We show in this chapter that 
exclusion is another such mechanism. This is important because direct pun
ishment may not be possible in all situations. For example, inflicting physical 
harm or destroying another person's property is generally against the law. In 
contrast, avoiding unwelcome interaction may quite often be possible and is 
socially acceptable. 

Exclusion can be seen as a sort of punishment albeit quite different from the 
direct punishment studied by Fehr and Gachter (2000). Direct punishment is 
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assumed to have an immediate effect and a sure loss for both the punisher and 
the punished player. It has no direct effect for future interaction and for the flow 
of information. In contrast, the loss associated with exclusion is uncertain be
cause it implies a loss of future interaction, the value of which depends on future 
behavior. Further, if interaction links also serve to exchange information then 
a loss of interaction also implies a loss of information. This indicates an impor
tant relation between information, exclusion, the resulting network structure, 
and the spread of norms of behavior. For example, if cooperators consistently 
exclude defectors society may segregate into isolated subgroups of cooperators 
and defectors. If information sharing between the groups is restricted due to the 
missing links then behavior in each group evolves independently. Consequently, 
free-riding may never disappear, partly because of the lack of information and 
partly because the transition of an individual from a defective into a cooperative 
group is inhibited, since cooperative intentions cannot be signaled. 

The effect of exclusion of defectors depends on the loss associated with ex
clusion from the interaction network which, further, depends on the value of 
the outside option. The outside option may therefore determine the success of 
cooperation. In an experiment with public goods games with punishment Egas 
and Riedl (2004) demonstrate that contributions increase only when punishing 
is cheaper than being punished. In the setting of our network dilemma games, 
if outside options are the same for all players then defectors always lose more 
from exclusion than cooperators. In this sense, cooperators are encouraged to 
exclude defectors. 

We consider mutual link formation because this seems to be the natural case. 
We do not impose any linking costs or linking constraints, but we conjecture 
that some reciprocal subjects are willing to exclude defectors even at a cost of 
the reduced number of interactions. We consider four experimental treatments 
which differ in the value of the outside option and in the relation between the 
network structure and the flow of information. In addition, to investigate the 
effect of endogenous choice of links we compare the experimental treatments 
with a control treatment in which we fix the interaction network exogenously. 

Our results can be summarized as follows. Cooperation increases in all ex
perimental treatments, compared to the control treatment in which cooperation 
declines. The magnitude of this increase and the structures of networks depend, 
however, on the value of the outside option and on the information condition. 
For example, when outside option is high and the flow of information is inde
pendent of the network structure the majority of experimental groups establish 
complete networks and unanimously cooperate, in all but the initial and the 
final periods. In contrast, if outside option is high but information is exchanged 
only through links of the network then most groups segregate into connected 
subnetworks of cooperators and isolated defectors. Nonetheless, cooperation 
in each experimental treatment significantly exceeds cooperation in the control 
treatment. 

Our experiment is one of the first to investigate the simultaneous dynamics 
of networks and behavior. In fact, the literature on experiments with network 
formation began to emerge only recently and only one paper has been published 
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(Callander and Plott, 2004). A review of this literature is given by Kosfeld 
(2004). In line with the theoretical literature, most of the existing experiments 
in economics focus only on network formation without any parallel dynamics 
of behavior on the network (see e.g. the review by Jackson, 2004). Network 
experiments have a longer tradition in sociology and social psychology, but focus 
primarily on the relation between network position and bargaining power (see 
e.g. Cook and Emerson, 1978; Cook et al., 1983; Lawler and Yoon, 1996). The 
most similar to ours is the experiment of Corbae and Duffy (2003) who study 
the evolution of coordination in endogenous networks. They study repeated 
coordination games on networks that can be periodically modified by the players 
and observe that networks usually converge to a collection of isolated pairs. The 
remaining directly related experiments are those of Orbell and Dawes (1993), 
Hauk (1999) and Hauk and Nagel (2001) on multiple prisoner's dilemma games 
with outside option. Orbell and Dawes study one-shot prisoner's dilemma games 
with high outside option and report increased cooperation between players who 
chose to play the game. Hauk confirms this observation in the repeated setting 
but reports decreased cooperation in the game with intermediate outside option. 
Hauk and Nagel report that cooperation in games with high outside option can 
be further increased if linking is unilateral. None of these three papers, however, 
investigates the dynamics of interaction structures. 

Some evidence that the possibility of migration increases cooperation is given 
by Brown et al. (2004) and Page et al. (2002). Brown et al. report that commit
ment in a buyer-seller environment sustains cooperation in presence of incom
plete contracts and that termination of a relationship is used as a disciplining 
device. Page et al. report that contributions to a public good can be increased 
through endogenous reorganization of groups. Interestingly, Gunnthorsdottir 
et al. (2000) and Swope (2002) report an increase in cooperation also with 
an exogenously imposed exclusion or reorganization of groups. The results of 
Ehrhart and Keser (1999), on the other hand, suggest that efficiency is not 
increased if cooperators cannot prohibit defectors from infiltrating their groups. 

Finally Kirchkamp and Nagel (2000), and Cassar (2002) show that the struc
ture of interaction itself influences the dynamics of cooperation in experiments 
with prisoner's dilemma games on exogenously imposed networks. Kirchkamp 
and Nagel report lower cooperation on circles than in fully connected groups. 
Cassar observes that cooperation increases with segregation, but remains diffi
cult to achieve. Both studies report decreasing cooperation levels with averages 
below 50 percent. 

In contrast to the above literature we explicitly study the dynamics of the 
network structures and its relation to the dynamics of cooperation. Further
more, we identify the effects for this relation of environmental variables such 
as the value of the outside option and the information flow. We demonstrate 
that these effects can be large and may determine whether groups segregate or 
integrate. We also conclude that, regardless of the other environmental effects, 
the endogenous choice of partners may be sufficient to sustain cooperation. 
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5.2 Experimental design 
Our design consists of four experimental and one control treatment. In each 
treatment we study groups of 6 subjects playing 60 periods of an experimental 
game. The composition of groups and the identities of subjects in a group do 
not change across periods. 

In each of the experimental treatments I, II, III and IV we consider a network 
dilemma game with 

• mutual link formation, 

• no linking constraints, and 

• no linking costs. 

In the control treatment V we consider a 6-player prisoner's dilemma game 
played on an exogenously fixed network. 

The experimental games in all five treatments are based on the same prisoner's 
dilemma game, with the following payoff matrix: 

cooperate defect 
cooperate 

defect 

The four experimental treatments differ only in the outside option value and in 
the information about the history of play that is given to the subjects in each 
period. We consider two values of the outside option: 

1. HIGH: o = 40, and 

2. LOW: o = 0. 

In addition, we consider two information conditions: 

1. MAXIMAL: all subjects observe all past moves of all other subjects in their 
group. The information that a subject receives at the start of each period 
includes both the linking choices and the actions of all other subjects in their 
group in the previous period. 

2. MINIMAL: a subject observes only the actions of her neighbors. At the start 
of each period a subject observes which of the links that she proposed in 
the previous period were established, and which actions her neighbors then 
chose, but has otherwise no information about the linking and action choices 
of other subjects. 

Each subject can access all information she received in all past periods. Un
der the maximal information condition each subject sees the complete history 
of play. Under the minimal information condition each subject knows only the 
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information: maximal minimal 
o = 0 

o = 40 
I -

III 
LowMax 

- HighMax 
I I -

IV-
LowMin 
HighMin 

Table 5.1: Information condition and outside option value for experimental 
treatments I - IV. 

decisions that affect her payoff: her current neighbors and their current actions. 
We consider mutual link formation, which means that a proposed link is estab
lished only if it is reciprocated. Hence, under the minimal information condition 
each subject knows which of the links that she proposed were not reciprocated, 
but knows otherwise nothing about the linking choices of the other subjects. To 
compare the effects of the outside option value and of the information condition 
we adopt a two by two design for our experimental treatments, shown in Table 
5.1. The experimental games in treatments I and III (II and IV) differ only in 
the value of the outside option. The experimental games in treatments I and 
II (III and IV) use exactly the same parameters, but differ in the information 
condition. 

The motivation for our choice of treatments is as follows. First, the theoretical 
considerations in chapter 4 suggest that the set of subgame-perfect equilibria of 
a network dilemma game depends crucially on whether the outside option is low 
or high. We therefore consider one low and one high outside option. Second, as 
we show in section 5.4, under standard theoretical assumptions the set of linking-
proof subgame-perfect equilibria of our experimental games is independent of the 
information condition. However, we nevertheless expect that in experimental 
network dilemma games the dynamics of behavior may be affected by the way 
that information spreads through the network. We conjecture that differences 
are largest when we contrast the case of maximal possible information to the 
case of minimal necessary information. 

In the control treatment V the complete network is exogenously imposed, 
and subjects cannot choose or modify their links. In each period each subject 
plays a prisoner's dilemma game with all five other subjects in her group. If 
we remove the possibility to endogenously choose the links in any of the four 
experimental games and fix the network to the complete network, then the re
sulting game coincides with the experimental game in control treatment V. This 
holds regardless of the original outside option value and information condition. 
Hence, the experimental game in treatment V is directly comparable to any of 
the four other experimental games. 

5.2.1 Research questions 

Our first research question concerns the effect endogenous linking has on co
operation. We conjecture that cooperation is easier to sustain when partner 
choice is endogenous. In the control treatment a subject can retaliate defection 
by another subject only by defecting herself. This, however, may trigger retal-
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iation by even more players and lead to uniform defection. In contrast, in the 
experimental treatment a subject can retaliate also by removing her links with 
defectors. The subject can signal cooperative intentions and at the same time 
punish defectors. This may sustain cooperation and even induce defectors to 
cooperate. By comparing behavior in each of the experimental treatments with 
behavior in the control treatment we therefore investigate whether endogenizing 
the network structure promotes cooperation. 

To investigate how the value of the outside option affects the dynamics of 
interaction structures and cooperation we compare behavior across experimen
tal treatments with the same information condition (I vs. Ill and II vs. IV). 
A low outside option makes exclusion costly, in the sense that all payoffs in 
the prisoner's dilemma game strictly exceed the low outside option value. In 
contrast, a high outside option makes exclusion of defectors cheap because the 
high outside option is strictly more valuable than a defective neighbor. Con
sequently, if the outside option value is high two players establish a link only 
when they trust each other to cooperate. The standard equilibrium analysis 
predicts no exclusion in treatments with a low outside option and no trust and 
interactions in treatments with a high outside option. However, evidence from 
related experiments, described in section 5.4, suggests that subjects may trust 
even unknown other subjects and do incur costs to punish defectors. Hence, our 
second research question is do subjects exclude when exclusion is costly and do 
they establish links when linking requires trust. 

Similarly, we investigate the effect of the information conditions on the dy
namics of behavior by comparing behavior across experimental treatments with 
the same outside option (I vs. II and III vs. IV). The information that subjects 
receive may affect their learning about the behavior of other subjects. With 
maximal information the subjects may quickly adapt, for example by identify
ing the optimal response, or by imitating other subjects in their group. The 
resulting dynamics may lead to homogeneity of behavior in the groups. In con
trast, with minimal information subjects can learn only from the behavior of 
their neighbors and may never adapt to the behavior outside of their neighbor
hood. If, for example the group segregates into disconnected subnetworks then 
the dynamics of behavior in each is independent. This contrast is the scope of 
our third research question, dealing with how information conditions affect the 
spread of norms of behavior. 

Finally, by analyzing behavior in each group we can study the relation be
tween the social structure and cooperation. For instance, if linking behavior 
of cooperators substantially differs from that of defectors then cooperators and 
defectors should have different neighborhood structures. Further, if cooperators 
are more likely to have cooperative neighbors than defectors then cooperation 
may turn out to be profitable. Our fourth research question is how neighborhoods 
and earnings differ between cooperators and defectors. 
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Session 
Treatment 

Number of groups 

1 2 3 4 5 6 7 8 9 10 11 
I I II II III III IV IV V V IV 
3 3 3 3 3 4 2 3 2 3 3 

Table 5.2: Distribution of treatments and number of independent groups across 
sessions. 

5.3 Experimental procedures 

All sessions of the experiment were conducted in the CREED laboratory at the 
University of Amsterdam. In total 192 subjects participated. Each experimental 
session lasted between 90 and 120 minutes. Average earnings were 24.4 euros. 
Subjects were students of various disciplines but mainly economics and business 
administration undergraduates. They were recruited through notices on bulletin 
boards in the faculties and through email announcements. Each subject par
ticipated in only one session and none had participated in a similar experiment 
before. To ensure anonymity at least twelve subjects were recruited for every 
session, and were randomly divided into at least two independent groups. See 
Table 5.2 for the distribution of treatments and number of independent groups 
per session. All sessions ran as planned and without any problems. As shown 
in the following table we had between 5 and 8 groups for each treatment. Each 
group is one independent observation. 

Treatment 
Number of groups 

I II III IV V 
6 6 7 8 5 

Each session consisted of two parts. The first part consisted of a test of the 
subject's other-regarding preferences. In the second part the subjects played 60 
periods of the experimental game. To minimize the influence between the two 
parts the subjects received no information about the decisions of other subjects 
in the first part until the end of the experiment. Furthermore, the decision of 
subjects in the first part did not affect their earnings in the second part. We 
therefore consider the results from the two parts as independent. 

Before the first part of the experiment subjects were explained the rules of 
conduct and the structure of the whole experiment, followed by the detailed 
instructions for this part. They were told that another part of the experiment 
will follow, that their decisions in the first part will not be revealed until the 
end of the whole experiment and that these decisions have no effect for the 
payoffs in the second part. Only after all subjects finished the first part did 
they received instructions for the second part of the experiment. After reading 
the instructions each subject had to answer a number of questions, designed to 
test their understanding of the network game, the payoff calculations and the 
computer screen. After all subjects correctly answered all questions there was a 
single practice period allowing subjects to ask questions about making decisions 
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via the computer screen, at the end of which no information about the choices 
of other subjects was revealed. The second part of the experiment started only 
after all subjects confirmed they had no more questions. 

The experiment was computerized using software developed in CREED by 
Jos Theelen as a general tool for network experiments. All instructions were 
read aloud and shown on the computer screen. Each participant also received a 
printed summary of instructions immediately before each part of the experiment 
began. The test questions and the practice period for the second part were 
computerized as well. 

A detailed description of the first part of the experiment is given in section 
5.6.4, where we discuss the relation between the observations in the two parts. 
In sections 5.4-5.5 we focus on the second part of the experiment. We next 
describe the procedures for this part. 

No communication other than through decision-making was permitted. To 
increase anonymity and avoid suggestive framing each subject referred to herself 
as "Me" and to the other five members of her group with the letters "A", "B", 
"C", "D", and "E". Each letter referred to the same other subject throughout 
all periods, and this was common knowledge. The network dilemma game was 
neutrally framed: subjects were forming "connections" and choosing between 
the actions "green" and "blue". Care was taken to minimize differences in 
the instructions for different treatments. In all treatments the subjects were 
informed about the size of their group, procedures to propose and establish 
links, the payoff function, the information condition, and the number of periods. 

Two computer screens, seen by the subjects in all 60 periods of the second 
part of the experiment, are shown in Figure 5.1. Each screen is divided into a 
left and a right side. Subjects make decisions on the right side of the screen and 
receive information about the history of play on its left side. Linking choices 
are made by clicking on the buttons "A", "B", "C", "D", and "E" in the win
dow "decision: connections". An action is chosen by selecting either the color 
"blue" (cooperate) or "green" (defect) in the window "decision: color". When 
the subject is satisfied with her decision she clicks on the "confirm" button. 
After all subjects made their decisions the information about the proposed and 
established links and the chosen colors is revealed in the window "round # " . 
Established links are shown as thick black lines. Links that were proposed but 
not reciprocated are shown as thin gray lines, broken on the side of the sub
ject that did not propose the link. Under the maximal information condition 
all proposed and established links are visible and each letter is colored with 
the color chosen by the corresponding subject. Under the minimal information 
condition only the subject's own proposed and established links are shown, the 
letters of the neighbors are colored with their chosen color and the remaining 
letters are colored gray See Figure 5.1 for an illustration of the information 
given to a subject about the same previous period profile of moves under the 
two information conditions. The buttons "previous" and "next" could be used 
to browse through the information that the subject received in previous periods. 
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Figure 5.1: Computer screen for the experimental network dilemma game. 
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Treatment 
I 
II 
III 

rv 
V 

Payoff in 
18 
18 
24 
24 
18 

SPE Min payment 
11.5 
10.1 
24.7 
23.5 
16.8 

Max payment 
29.8 
29.8 
30 

27.8 
27.5 

Average payment 
21.5 
22.7 
28.8 
25.4 
22.2 

Table 5.3: Payoff per subject in the subgame perfect equilibrium. Actual mini
mum, maximum, and average payoffs across the treatments. 

In accordance with the tradition of experimental economics the payoffs earned 
in both experimental parts translate into monetary earnings, paid individually 
to each subject in cash at the end of the experimental session. The payoff of 
a subject was determined by the sum of the points earned over all the periods. 
The conversion rate was 1 euro for 500 points. In all treatments the joint group 
earning in the second part of the experiment is maximized if all subjects in 
all periods cooperated and established the complete network. In this case the 
payoff per subject would equal 30 euro. The payoff per subject when all subjects 
play the (linking-proof) subgame perfect equilibrium differs across treatments 
and is given in Table 5.3, together with the minimum, maximum, and average of 
the actually earned payoffs. The average payoff in each treatment exceeded the 
(linking-proof) subgame perfect equilibrium payoff. The maximal payoff in each 
treatment was close to 30 euro. Except in treatment III, the minimal payoff 
in each treatment was below the (linking-proof) subgame perfect equilibrium 
payoff. 

5.4 Predictions 

The standard way to analyze experimental games in economics is to assume 
that subjects are selfish and rational money maximizers and that this is com
mon knowledge. This assumption is analytically convenient because it justifies 
the equilibrium analysis of experimental games, equalizing payoffs in terms of 
utilities with monetary earnings. However, numerous studies have shown that 
this assumption is violated in experiments (see e.g. Kagel and Roth, 1995 or Go-
eree and Holt, 2001). We therefore discuss, later in this thesis, the predictions 
about the behavior in our experimental games given by three different models of 
behavior that rely on alternative assumptions about the subjects: predictions of 
two models of non-selfish preferences are analyzed in section 5.6 below, and in 
chapter 6 we look at the dynamics of behavior in network dilemma games played 
by boundedly rational players. In this section, however, we discuss predictions 
based on standard equilibrium analysis, and alternative predictions that are 
based on previous experimental evidence and intuition. 
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5.4.1 Measures of cooperation and network structure 
We shall distinguish between the level of cooperation and the level of cooperative 
play. The level of cooperation is the number of cooperative actions in a group in 
one period and does not take the network structure into account. The level of 
cooperative play, on the other hand, measures cooperation in games that were 
actually played and thus weights each subject's action with the number of her 
links. 

Take any profile of moves (a,p) of the 6 subjects in one group. Let Si be 1 if 
subject i cooperates and 0 otherwise and let l(p) be the number of all established 
links. The level of cooperation is the normalized number of subjects who choose 
to cooperate, regardless of their linking decisions: 

level of cooperation = - \^ ^ , 

If all subjects in the group cooperate the level of cooperation is 1; if all sub
jects defect this level is 0. The level of cooperative play measures the rate of 
cooperation in the games that were actually played: it is calculated as the num
ber of cooperative actions over all links, normalized by double the number of 
established links: 

level of coop, play = —— ^ (Si + Sj), 
[P> 9(P)«=1 

This measure is not affected by actions of subjects that are isolated from other 
subjects in the established network. Further, the weight of a subject's action 
increases with the number of games she plays, that is, with the number of 
her neighbors. The level of cooperative play is 1 if all non-isolated subjects 
cooperate and 0 if they all defect. The two measures coincide if the network is 
complete (as e.g. in the control treatment). 

The density of the network, g(p) = l(p)/15, gives the number of established 
links normalized by 15 (the number of all possible links between 6 agents is 15). 
The density is thus 1 when the network is complete and 0 when the network is 
empty. The number of links proposed by subject i, ^2j€NPij, is her outdegree. 
The indegree of subject i is the number of other subjects that propose a link to 

We say that a subgroup of subjects JV 'cJV exhibits homogeneous behavior 
if their actions and linking choices coincide, that is, if for each i,j € N', (i) 
<Zj = cij, and (ii) piz = pjZ for each z e N'\{i,j}. Subjects with homoge
neous behavior choose the same actions and exclude the same other subjects. 
We define group homogeneity as the size of the largest subgroup that exhibits 
homogeneous behavior. Group homogeneity is 1 when no two subjects exhibit 
homogeneous behavior, and 6 when all subjects choose exactly the same actions 
and with each subject a link is proposed either by all or by none of the other 
five subjects. 
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5.4.2 Standard equilibrium predictions 

Assume that the utility of each subject coincides with her individual monetary 
earnings, that each subject is rational and that this is common knowledge. Let 
N = {1, 2, 3, 4,5,6} and let the prisoner's dilemma payoff function v° be defined 
by (5.1). The experimental games then coincide with the following network 
dilemma games: 

Treatments I and II: r ' = (JV, J,7r') , where 7r\(a,p) = Y2 v°(di,cLj), 

Treatment III and IV: Th = (N,J,TTh) , where 7if (a,p) = J2 v0(ai,aj) + 

40(5 - h(p)), 

Treatment V: Tc = (N,J,wc), where irf(a,p) = Yl v°(aiiaj)-
jeN\{i} 

Using the theory developed in chapter 4 we get the following characterization 
of equilibria of our finitely repeated experimental games. The extensive forms 
of these games depend on the information condition (see van Damme, 1987 
or Osborne and Rubinstein, 1994 for elaboration on games with incomplete 
information). However, the theoretical predictions turn out to be independent 
of the information condition. 

TREATMENT I (LowMax): In each period all players establish all links and de
fect, in the unique linking-proof subgame perfect equilibrium. However, 
cooperation can be sustained in a non-linking-proof subgame perfect equi
librium, for example with strategies "Cooperate until period 59 and defect 
in period 60. Remove the links with all other players that defected in the 
previous period and propose all other links. If you deviated in the previous 
period then remove all your own links.". Cooperation can also be sustained 
in a non-subgame perfect Nash equilibrium, for example with strategies 
"Propose all links in period 1. Cooperate until period 59 and defect in 
period 60. Remove the links with all other players that defected in the 
previous period and propose all other links.". 

TREATMENT II (LowMin): In each period all players defect and establish all 
links, in the unique linking-proof subgame perfect equilibrium. However, 
similar to the maximal information case, cooperation can be sustained in 
a non-linking-proof subgame perfect equilibrium or a non-subgame perfect 
Nash equilibrium. 

TREATMENT III (HighMax) In any Nash equilibrium the empty network with 
no links is established and any profile of actions is chosen, in each period. 

TREATMENT IV (HighMin): In any Nash equilibrium the empty network with 
no links is established and any profile of actions is chosen, in each period. 
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TREATMENT V (Control): In the unique Nash equilibrium all players defect in 
each period. 

See Results 4.1 and 4.3 in chapter 4. The results about the uniqueness of linking-
proof subgame-perfect equilibria for minimal information treatments can be de
rived as follows. In treatment II, the complete network is the unique linking 
proof network of the stage game. By definition of a linking-proof subgame per
fect equilibrium in chapter 4, this uniqueness implies that the complete network 
is established in each period, along and off the equilibrium path, of any such 
equilibrium. All players defect in the last period of the finitely repeated game 
independently of the history. Hence, both the actions and the linking choices 
of all players in the last period are independent of the history. All players then 
defect also in the penultimate period. We can now repeat the argument and use 
backwards induction to show that, along the outcome path of the linking-proof 
subgame-perfect equilibrium of the finitely repeated game, all players establish 
the complete network and defect in each period. Similarly, in treatment IV the 
empty network is the unique Nash equilibrium of the stage game and we can 
use backwards induction to show that, along the equilibrium path of the finitely 
repeated game, the empty network should be established in each period. 

Based on the equilibrium analysis above we can formulate the following pre
dictions. In the control treatment all subjects will defect in each period. In 
treatments I and II all links will be established and all players will defect in 
each period. In treatments III and IV no links will ever be established and, 
consequently, no games will be played. 

5.4.3 Alternative predictions 

The experimental game in the control treatment V can be interpreted as a pub
lic goods game with a binary choice (Palfrey and Rosenthal, 1984; Bergstrom, 
2002). Previous experimental evidence shows that contributions in repeated 
public goods games initially substantially exceed those predicted by the standard 
equilibrium analysis, but that in subsequent periods the contributions gradually 
decrease toward the predicted uniform free-riding (see e.g. Isaac et al., 1984; An-
dreoni, 1988; Isaac et al., 1994). A similar downward trend from positive initial 
levels of cooperation can, therefore, be expected in our control treatment. 

Fehr and Gachter (2000) have shown that this downward trend can be re
versed into an upward trend if each period of the public goods game is supple
mented by a "punishment" phase in which subjects can reduce the payoffs of 
other subjects at some cost to themselves. Based on their recent experiment 
Egas and Riedl (2004) report that many subjects are willing to incur costs to 
punish defectors but that contributions increase across periods only if the effect 
of punishment, i.e. the reduction in payoff of the punished subject, exceeds the 
cost of punishing. The games in our experimental treatments are different from 
public goods games with punishment. However, there is some analogy between 
the two when our experimental games have low outside option. First, individual 
exclusion may be used to punish defectors in prisoner's dilemma games. This 
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may have a similar positive effect for cooperation that individual punishment 
has for contributions in public goods games. Second, exclusion of defectors by 
cooperators is costly both for the excluding and for the excluded subjects, be
cause they both forego a sure positive payoff from mutual interaction. However, 
the cooperator's cost of excluding another player is never higher than the cost 
of the excluded player. Third, the standard equilibrium predictions coincide in 
our experimental games with low outside option and those on a fixed network, 
just as they coincide in public goods games with and without punishment. Mo
tivated by this analogy we predict, for our experimental treatments I and II, 
that some cooperators will punish defectors with exclusion and that cooperation 
rates will increase across periods. 

In experimental games with high outside option, treatments III and IV, a link 
is profitable only if it is with a cooperative neighbor. Hence, in order to estab
lish a profitable link the subject needs to believe that the other subject is likely 
to cooperate. In other words, linking in treatments III and IV requires trust. 
On the other hand, exclusion of defectors is costless in the sense that playing 
with a defectors always earns less than the outside option. This suggests that 
all subjects exclude all other subjects they believe will defect. When the game 
is repeated we may therefore expect a separation between linked cooperators 
and isolated defectors. Orbell and Dawes (1993) and Hauk (1999) have demon
strated that this separation to some extent occurs even in a one-shot setting in 
the related experiments with multiple two-player prisoner's dilemma game with 
high outside option. Their main observation is that intending cooperators are 
relatively more willing to play than intending defectors. Consequently, cooper
ation rates in games that were actually played (cooperative play) exceeded the 
cooperation rates in standard prisoner's dilemma games without the outside op
tion. For our treatments III and IV we therefore predict that cooperative play 
and exclusion of defectors will increase with periods until all defectors are iso
lated, and that the network density in groups with many defectors will remain 
low. 

We can not straightforwardly predict the effect of the information condition on 
the dynamics of exclusion and cooperation. If information spreads only through 
links of the network, as is the case in our minimal information condition, then 
exclusion implies not only a loss of interaction, but also a loss of information 
exchange. On the one hand this may make exclusion less likely, thus increasing 
defection. On the other hand, however, the subjects may become more averse 
to being excluded which may increase cooperation and reduce the need for 
exclusion. Less ambiguous is the effect of the information condition on learning 
about the behavior of other subjects. In treatments with minimal information 
learning depends on the established links and can be severely limited. In an 
extreme case, the subjects may separate into disconnected subnetworks, each 
with a completely independent dynamics of behavior. On the other hand, in 
treatments with maximal information, each subject observes the behavior in all 
subnetworks and can observe and learn from a successful strategy of another 
subject even if separated. We predict that behavior is more homogeneous in 
groups with maximal information than in groups with minimal information. 
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Figure 5.2: DYNAMICS OF COOPERATION RATES. Treatment averages per clus
ters of 10 periods. 

To summarize, we predict a downward trend in cooperation in treatment V, 
an upward trend in cooperation in treatments I and II, high frequency of cooper
ative play but sparse networks in treatment III and IV, and more homogeneity 
in treatment I (III) than in treatment II (IV). In all treatments the players 
earn more from a cooperative than from a defective neighbor. Hence, subjects 
in treatments with endogenous link formation may be more likely to propose 
links to those other subjects that they believes will cooperate. Therefore, our 
final prediction is that cooperators have a higher indegree and, consequently, 
establish more links than defectors. 

5.5 Experimental Results 

Before we discuss the details of our results we outline our main observations. 
Figure 5.2 shows condensed illustrations of the evolutions of cooperation and 
of cooperative play for the different treatments. As expected, in none of the 
treatments the theoretically predicted equilibrium play is observed right from 
the beginning. However, there are remarkable differences in the dynamics of 
cooperation, in particular between the control treatment with an exogenously 
fixed network and the four experimental treatments with endogenous linking. 
Cooperation exhibits a downward trend in the control treatment and, with the 
exception of the final periods, an upward trend in each of the experimental 
treatments. Cooperation, in both measures, is highest in treatment III (high 
outside option and maximal information), where it rapidly rises to almost uni
form cooperation and remains there during all but the final few periods. There 
is less overall cooperation in treatment IV (high outside option and minimal in-
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formation), although the subjects achieve very high cooperative play within the 
established links (see Figure 5.2 b). The information condition appears to have 
little or no effect on the evolution of cooperation in treatments with low outside 
option (the development in treatments I and II is similar in both measures). 

An impression about our subject's linking behavior and cooperation can be 
gained from the illustrations of average cooperation and average network struc
tures, shown in appendix A to this chapter. Again as expected, the networks 
in the four experimental treatments differ from the theoretically predicted net
works, which are the complete network in treatments I and II and empty network 
in treatments III and IV. Surprisingly and in stark contrast with our predic
tions, complete networks most frequently occur in treatment III where we also 
observe the highest rate of cooperation. However, in line with our alternative 
predictions, the networks in treatment IV are sparse, with many isolated sub
jects and links mostly established between cooperators. This suggests that the 
information condition has a strong effect for the spread of trust when the out
side option is high. There are no obvious effects of the information condition 
when the outside option is low. There seems to be a relation in all experimental 
treatments between individual cooperation and the number of established links: 
individuals that cooperate relatively more have relatively more neighbors. 

We now proceed with our detailed results using various measures of cooper
ation, linking behavior and the network structure, and of their dynamics. 

Resul t 5.1. COOPERATION IN EXOGENOUS AND ENDOGENOUS NETWORKS 

First-period cooperation rates are around or above 0.5 in all five treatments. 
During periods 1-55 the cooperation rates converge to uniform defection only in 
the control treatment V with the exogenous network. There is no such tendency 
during periods 1-55 in the experimental treatments with endogenous networks: 
in treatments I, II and IV the cooperation rates increase to around 0.7, and in 
treatment III to almost 1. Especially in periods 31-59 the cooperation rates in the 
four experimental treatments with endogenous link formation are significantly 
higher than in the control treatment. There is a substantial end-game effect in 
all experimental treatments: cooperation rates drop to between 0.1 and 0.4 in 
period 60. 

The first support for this result comes from Figure 5.3(a)-(b) which depicts, 
for each treatment, the dynamics (a) of cooperative choices and (b) of coop
erative plays, for all sixty periods. Observe that in the first period, there is a 
substantial amount of cooperation in all treatments (see also Table 5.4). What 
these figures also show is that the dynamics of cooperative choices differ sig
nificantly between experimental treatments I-IV and the control treatment V. 
Interestingly, in treatment V there are frequent attempts to increase cooper
ation (see the 'hills' in Figure 5.3(a)-(b)) which are, however, not successful. 
Although the levels of cooperation differ between the four experimental treat
ments (see also Result 5.2) the dynamics are similar. In particular, all four 
treatments exhibit very high and stable cooperation rates across periods, on 
both measures. The cooperation rates increase till they reach a maximum in 
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(b) COOPERATIVE PLAYS 

Figure 5.3: DYNAMICS OF COOPERATION RATES. Treatment averages per pe
riod. 

periods 41 to 50 (except for treatment I where the maximum is reached in peri
ods 31-40). Thereafter, due to the end-game effect, cooperation rates decrease 
again. 

To get further support for this result we ran non-parametric Mann-Whitney 
tests for the first period, periods 1-10, 11-20, 21-30, 31-40, 41-50, 51-60, and the 
last period, with group averages in each treatment as units of observation. These 
statistics corroborate the observations drawn from the figures. In the first period 
only the actions taken by subjects in treatment III differ significantly from those 
taken in treatment V (p = 0.090 for "choices", p = 0.042 for "plays"; all test 
statistics are one-sided). In later periods, however, cooperation is higher in 
all four experimental treatments I-IV compared to treatment V. In particular, 
in periods 31-40, 41-50, and 51-60 the differences are significant at least at 
the 5 percent significance level and mostly (in nine out of 12 cases) at the 2.5 
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Trea tmen t 

I - LowMax 

II - LowMin 

III - HighMax 

IV - HighMin 

V - Control 

Coopera t ive choices: 
first period 

0.611 

0.722 

0.786 

0.479 

0.600 

periods 1-60 

0.693 
(0.188) 
0.752 

(0.151) 
0.934 

(0.113) 
0.658 

(0.159) 
0.346 

(0.269) 

periods 1-55 

0.721 
(0.140) 
0.774 

(0.111) 
0.947 

(0.071) 
0.673 

(0.140) 
0.375 

(0.262) 

Trea tment 

I - LowMax 

II - LowMin 

III - HighMax 

IV - HighMin 

V - Control 

first per iod 

0.626 

0.734 

0.817 

0.519 

0.600 

Cooperat ive plays: 
per iods 1-60 

0.686 
(0.198) 
0.750 

(0.150) 
0.93 

(0.134) 
0.786 

(0.247) 
0.346 

(0.269) 

periods 1-55 

0.715 
(0.150) 
0.771 

(0.110) 
0.957 

(0.079) 
0.809 

(0.206) 
0.375 

(0.262) 

Table 5.4: COOPERATION RATES. Treatment averages across all periods and 
across periods 1-55. 

percent level (all tests one-sided). This holds for both measures of cooperation. 
Interestingly, even in the very last period cooperative choices in treatments 
III and IV significantly exceed those in treatment V (p < 0.005, one-sided). 
Cooperative play in the last period is significantly higher in treatment III than 
in treatment V (p < 0.025, one-sided). The same results are found when we look 
at the aggregated cooperation levels across all periods or (to control for the end-
period effect) across periods 1-55 (see also Table 5.4). A Mann-Whitney test 
shows that aggregated cooperative choices and cooperative plays in treatments 
I-IV significantly exceed those in treatment V (at the 5 percent level, one-sided). 

An examination of Figure 5.3 also suggests that the dynamics of behavior in 
experimental treatments exhibit much more stability than in the control treat
ment. To find statistical support for this impression we calculate the standard 
deviation of cooperative choices and plays across the periods for each group. 
Table 5.4 shows in parentheses the averages of these standard deviations per 
treatment for periods 1-60 and for periods 1-55. For cooperative choices a Mann-
Whitney test shows that standard deviations in treatments I-IV are significantly 
smaller compared to treatment V (p < 0.01 for all pair-wise comparisons, one-
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# of cooperative choices in the group: DO D1 D2 H3 D4 D5 B6 

I (LowMax) II (LowMin) III (HighMax) IV (HighMin) V (Control) 

Treatment 

Figure 5.4: DISTRIBUTION OF COOPERATIVE CHOICES IN A GROUP PER PERIOD. 

sided test) for both ranges of periods. For cooperative plays the results are less 
pronounced but qualitatively the same as for the choices (p < 0.025 for all com
parisons but the one between treatments IV and V, for which the significance 
for periods 1-55 is p = 0.095; one-sided tests). 

Resul t 5.2. STABILITY OF COOPERATIVE BEHAVIOR 

The action choices in treatments with endogenous network formation exhibit 
significantly more stability compared to the control treatment. 

Together with Result 5.1 this shows that the possibility to form the network 
endogenously, i.e. to choose with whom to play, serves as a powerful mean 
for promoting and stabilizing cooperation at a high level. However, the figures 
indicate that some differences exist between our four experimental treatments, 
at least with respect to cooperation. 

Resul t 5.3. 
In treatment III (HighMax) significantly more cooperation is observed than in all 
other treatments. Cooperation rates in the other three experimental treatments 
I, II and IV do not differ significantly. 

Support for this result comes again from Figure 5.3. Cooperation rates 
(choices as well as plays) are highest in treatment III with high outside option 
and maximal information. In fact, cooperation rates in this treatment reach 1 
in several periods, which means that all subjects in all groups cooperate. For 
an alternative perspective, Figure 5.4 shows the distribution of periods in which 
there were 0,1,...,6 cooperative actions in the same group, aggregated per treat
ment. The left-most column depicts the frequency of periods in which all six 
subjects in a group defect, and the right-most column depicts the frequency of 
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Figure 5.5: DYNAMICS OF NETWORK DENSITY. Treatment averages per period. 

periods in which all six subjects in a group cooperate. The figure indicates that 
uniform cooperation is most frequently observed in treatment III. In contrast, 
in treatment IV, with the same outside option but minimal information, the 
modal distribution of actions in a group is four cooperators and two defectors. 
In control treatment V the most frequent outcome is uniform defection. 

These visual impressions are corroborated by a Mann-Whitney test applied 
to cooperative choices and plays for all periods and for periods 1-55. In pairwise 
comparisons of cooperation rates between the experimental treatments we find 
that behavior in treatment III is significantly different from behavior in each 
other treatment at least at the 5 percent level (one-sided test) when looking at 
periods 1-55. When taking all periods into account the differences are significant 
at least at the 2.5 percent level when treatment III is compared to treatments 
I and IV and marginally significant (p = 0.057) when compared to treatment II 
(one-sided tests). Pairwise comparisons of cooperation rates between the other 
three experimental treatments do not reveal any significant differences (p > 0.12 
in all cases, one-sided tests). 

We now turn to the evolution of network structures. We begin with the 
analysis of the dynamics of the network density. Recall that the (linking-proof) 
equilibrium prediction is a density of 1 in treatments I and II with low outside 
option, and a density of 0 in treatments III and IV with high outside option. 

Resul t 5.4. NETWORK DENSITIES 

In experimental treatments I (LowMax) and II (LowMin) the network density 
is rather high in all periods (around 0.8), although below 1. In stark contrast 
with our predictions, the network density in most periods is equally high also 
in treatment III (HighMax). In treatment IV (HighMin), however, the network 
density is relatively low (around 0.3 in most periods). 

Support for this result comes from Figure 5.5, showing the dynamics of net
work densities over time. The average network density (across all periods) in 
the two treatments with the low outside option is constantly around 0.8. For 
reference, the density of 0.8 means that 12 links out of 15 are established. The 
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average density across all periods is 0.82 in treatment I and 0.84 in treatment II. 
Surprisingly, a similar density is observed for treatment III, with high outside 
option and maximal information. Actually, the average density in this treat
ment is 0.86, the highest among all experimental treatments. In contrast, in 
treatment IV, also with high outside option but with minimal information, the 
average network density is only 0.35. For reference, the network density is 0.4 if 
four players establish all links among themselves and two players are isolated. In 
fact, illustrations in appendix A indicate that this is what happened in several 
groups in treatment IV: four subjects often linked among themselves and two 
subjects had relatively few or no links. 

The large and significant (p < 0.01, two-sided Mann-Whitney test) difference 
in network density between treatments III and IV indicates the importance of 
information about previous play in games with high outside option. A fur
ther indication for the importance of information comes from the fact that the 
densities in treatments III and IV start out at a similar level (0.51 and 0.57, 
respectively), but develop in completely opposite directions. In treatment III 
the network density steadily increases during periods 1-20 and stay at a high 
level until period 55. In contrast, in treatment IV the density drops strongly in 
the beginning and remains at the low level during all remaining periods. 

Having observed high cooperation rates in all experimental treatments, as well 
as distinct network densities, it is natural to ask for the driving force behind this 
result. The most natural candidate is (fear of) exclusion. To study the linking 
and exclusion behavior of subjects we proceed as follows. For each period t > 2 
we look at links proposed by subjects that cooperate in period t (Ct). We 
count how frequently they propose a link to other subjects that cooperated in 
the previous period {Ct-\) and to those that defected in the previous period 
(£>t_i). This indicates, for example, how often they exclude previous-period 
defectors or previous-period cooperators. In the same way we calculate how 
frequently the links to past cooperators and defectors are proposed by current 
defectors (Dt). The resulting frequencies, aggregated for each experimental 
treatment across all subjects and all periods, are depicted in Figure 5.6. 

The figure shows that in all treatments cooperators are relatively unlikely to 
link to previous period defectors. In treatments I and II the current coopera
tors propose links to past defectors only in 46 and 64 percent, respectively, of all 
possible cases. Recall that in these treatments any interaction with a neighbor 
is better than the outside option. Hence, in 54 (treatment I) and 36 (treat
ment II) percent of all cases cooperators are willing to incur costs to exclude 
previous-period defectors. The reason for less exclusion in treatment II may 
be that exclusion also implies a loss of information, in addition to the loss in 
earnings, and subjects are less willing to exclude. Moreover, if they were not 
neighbors a cooperator does not know whether or not another player defected 
in the previous period, and may propose a link to obtain information about her 
actions. However, lower exclusion rates do not seem to diminish cooperation, 
compared to treatment I. This may be because the subjects cooperate in order 
to avoid being excluded and lose information. 

Exclusion of defectors is intensified in treatments III and IV, where cooper-
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TREATMENT I (LowMax) TREATMENT II (LowMin) 

TREATMENT III (HighMax) TREATMENT IV (HighMin) 

Figure 5.6: PROPOSED LINKS. Ratios of numbers of links proposed by current-
period cooperators and defectors to previous-period cooperators and defectors, 
relative to numbers of all possible such links. 

ators propose a link to previous period defectors only in 23 and 24 percent of 
all possible cases. It is intuitively clear that exclusion of past defectors is more 
frequent in treatments with high outside option, as having defective neighbors 
always earns less than taking the outside option. It is interesting that in treat
ment IV cooperators propose links to other cooperators in only 60 percent of 
all cases. This is due to the minimal information condition: two cooperators 
may never realize that they both cooperate if they are not linked; if one of them 
thinks that the other is defecting she may never propose the link to the other. 

The linking behavior of current-period defectors also depends on the outside 
option. In treatments I and II they almost always propose all links. In treatment 
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Ill they propose most links to past cooperators and slightly fewer links to past 
defectors. In treatment IV they propose even fewer links, although more often 
with past cooperators. 

Result 5.5. PROPOSED LINKS 

In all four treatments cooperators are much more likely to propose links with 
previous-period cooperators than with defectors. Cooperators do not hesitate to 
exclude previous-period defectors even if this is costly (in treatments I and II 
with the low outside option). The tendency to exclude defectors is reinforced in 
treatments III and IV (with the high outside option). 
When the outside option is low defectors try to link to everybody. When the 
outside option is high they propose fewer links, and are more likely to propose 
links to previous-period cooperators than with defectors. 

This tells us that intending cooperators are more likely to link to past cooper
ators than to past defectors. Excluding past defectors does not ensure, however, 
that present defectors are excluded. There is the possibility that past coopera
tors change to actual defectors and vice versa. To examine whether cooperators 
were able to exclude defectors we need to look at actions in established networks. 

Result 5.6. ESTABLISHED LINKS 

In all experimental treatments there is a tendency toward segregation between 
cooperators and defectors: cooperators are more likely to have cooperative neigh
bors and defectors are more likely to have defective neighbors. The segregation 
is more pronounced when the outside option is high (treatments III and IV). In 
particular, in treatment IV (HighMin) the defectors are often left isolated. 

Support for this result comes from Figure 5.7. To obtain this figure we cal
culate, from all established networks per treatment, how frequently two coop
erators or two defectors established a link, and how frequently was the link 
established between a cooperator and defector. The diameters of the circles 
around Ct (cooperator in period t) and Dt (defector in t) are proportional to 
the average rates of cooperators and defectors in the corresponding treatments. 

For treatments I and II with low outside option the figure shows that coopera
tors establish links with almost all other cooperators (in 85 and 87 percent of all 
possible cases, respectively) and defectors establish links with almost all other 
defectors (96 and 89 percent, respectively). In both treatments a link between 
a cooperator and defector is least likely to be established (67 and 74 percent, 
respectively). This shows that cooperators are not only trying to exclude defec
tors (see Result 5.5) but are also, at least to a certain level, successful in doing 
so. In treatment II the link between cooperators and defectors is not much less 
likely than any other link. This is the consequence of lower rates of exclusion 
in this treatment (see Result 5.5). 

High rates of exclusion of defectors in games with high outside option are 
reflected by the low frequencies of established links between cooperators and 
defectors in treatments III and IV. In particular, in treatment IV defectors are 
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Figure 5.7: ESTABLISHED LINKS. Ratios of the number of links established 
between two cooperators, between two defectors, and between cooperator and 
defector, relative to the number of all possible such links. 

almost completely excluded. We suggest the following explanation for the differ
ence in the dynamics of network structure and cooperation between t rea tments 
III and IV. Cooperation rates in the first period are similar between the two 
treatments . In the second period all first-period defectors are excluded and 
earn less than the first-period cooperators. Under the maximal information 
condition in t rea tment III the isolated defectors now see tha t a subnetwork of 
cooperators exists and tha t cooperators earn more than the isolated defectors. 
To increase their earnings they switch to cooperation. Other cooperators now 
see their switch and include them into their subnetwork. This learning process 
leads to the complete network in which all players t rus t each other to cooper
ate, which is what we regularly observe in t reatment III. On the other hand, 

115 



under the minimal information condition in treatment IV the isolated defectors 
do not realize that interlinked cooperators earn more. And even if they decide 
to cooperate they have no means to signal their intentions to the other coop
erators. In the worst case, an intending cooperator may isolate herself, falsely 
believing that all other subjects defect. This process leads to a rapid decrease 
in the number of established links, and little subsequent dynamics due to the 
lack of learning. Additional evidence that cooperators in treatment IV fail to 
link among themselves can be found in the illustrations in appendix A. 

The segregation between cooperators and defectors reduces the possibility for 
free-riding. A subject who frequently defects may lose her links with cooperative 
neighbors and earn less than a subject who persistently cooperates. On the 
other hand, no segregation is possible in treatment V with a fixed network, 
which makes defection more profitable than cooperation. To investigate the 
differences in earnings between cooperators and defectors we plot in Figure 5.8, 
for each treatment, the average cooperation of each subject against her total 
earnings. For treatment V the plot reveals a clear negative relation between 
cooperation and earnings. The fact that defectors in this treatment consistently 
earn more than cooperators is supported by the highly negative Spearman rank 
order coefficient (r = — 0.84, p < 0.0001) of correlation between cooperation 
and earnings. In contrast, the plots for experimental treatments I-IV reveal no 
such negative relation. If anything, the positive and significant (p < 0.01 for 
all treatments) Spearman rank order correlation coefficients (0.40 < r < 0.61) 
suggest that highly cooperative subjects, on average, earn more than highly 
defective subjects. 

Result 5.7. COOPERATION AND EARNINGS 
In treatment V there is a substantial negative correlation between cooperation 
and earnings. In contrast, this correlation is positive in each of the experimental 
treatments I-IV. 

Our final result deals with convergence in behavior in different treatments. 
Recall the definition of group homogeneity, given in section 5.4.1. Figure 5.9 
displays the evolution of average group homogeneity in the different treatments. 
There are no significant differences in the dynamics of homogeneity between 
the two treatments with the low outside option (p > 0.1 in each period with 
exception of period 17 when p = 0.0973, Mann-Whitney two-sided test). Ho
mogeneity in both treatments is in the vicinity of 4 in all periods, which means 
that, on average, 4 subjects per group behave exactly the same. This is quite 
high in view of all possible linking choices, but could be explained if all subjects 
choose their strategies from a set of simple rules, such as for example "pro
pose all links" or "exclude all previous-period defective neighbors". There is 
even more convergence of behavior in treatment III with high outside option 
and maximal information. Homogeneity in the first period is not higher than 
in other experimental treatments but steadily increases in subsequent periods, 
reaching almost complete uniformity of behavior in almost all groups. In this 
sense, we can say that all groups in treatment III eventually establish its be
havioral norm. In most groups this norm is "cooperate and link to all other 
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Figure 5.8: COOPERATION AND EARNINGS. Each point represents one sub
ject 's average cooperation and her total earnings. The Spearman rank order 
correlation coefficient is calculated for each t rea tment . 
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Figure 5.9: EVOLUTION OF GROUP HOMOGENEITY. Treatment averages. 

(cooperative) members of the group". A completely different dynamics of be
havior is seen in treatment IV, also with high outside option but with minimal 
information. From an initially similar level to that in treatment III homogeneity 
in treatment IV develops in the opposite direction, decreasing below 2 and ex
ceeding 3 in only one later period. The Mann-Whitney test confirms significant 
difference in homogeneity between treatments III and IV in each of the periods 
2-58 (p < 0.05, two-sided test). 

Result 5.8. EVOLUTION OF HOMOGENEOUS BEHAVIOR 

The Information conditions have little or no effect for convergence in behavior 
in treatments with low outside option: average homogeneity in treatments I 
(LowMax) and II (LowMin) is relatively high in all periods. In contrast, the 
information condition has a significant effect on the spread of behavioral norms 
in treatments with high outside option. While in all groups of treatment III 
(HighMax) behavior converges to uniformity, a variety of behaviors appears and 
remains in groups of treatment IV (HighMin). 

5.6 Social preferences 
In the theoretical equilibrium analysis of network dilemma games in section 5.4 
we assume that the game payoffs correspond to player's utilities.1 In experimen
tal games, however, the payoffs correspond to monetary earnings and these may 
not correctly represent the utilities of subjects. More specific, some experimen
tal subjects may be "other-regarding" rather than "selfish" and may care about 
the monetary earnings of other subjects as well as about their own. Alterna
tively, subjects may reward other subjects for good intentions and punish them 
for selfish or aggressive behavior. In terms of their preferences, experimental 

' In game theory it is always assumed that the ordering of payoffs in games correctly 
represent the preferences of hypothetical players: a player always prefers a higher own payoff 
over a lower one. 
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subjects may thus perceive the game quite differently from the game described 
by monetary payoffs (Weibull, 2000). 

Many recent models of human decision-making assume that a substantial 
number of people are motivated by concerns for fairness and reciprocity. Some 
of these models assume that fair-minded people dislike outcomes with unfair 
distribution of monetary earnings (Fehr and Schmidt, 1999; Bolton and Ock-
enfels, 2000). Another class of models assign a major role to fair intentions 
(Rabin, 1993; Falk and Fischbacher, 1999; Dufwenberg and Kirchsteiger, 1999; 
Cox, Friedman and Gjerstad, 2004). Both types of models are commonly called 
models of social preferences. In this section we apply two models of social pref
erences to analyze whether assuming fair-minded players would better explain 
the behavior in our experimental network dilemma games. 

We consider the outcome-based model of inequity aversion by Fehr and Schmidt 
(1999) and the model of altruistic preferences of Levine (1998) that may be 
viewed as a simple intentions-based model. The models were shown to be suc
cessful in predicting behavior in public goods games with or without punish
ment, which are closely related to our network dilemma games. The authors 
of both papers consider their models as static and do not intend to explain the 
dynamics of behavior in repeated games. Rather, they aim at predicting the 
convergence of behavior in experimental games that were repeated many times, 
such that players have a fair knowledge about preferences of the other players. 
We, therefore, study only one-shot games with fair-minded players and compare 
their equilibria to the last period behavior in the experimental games.2 

For each of the two models we proceed as follows. We consider games ob
tained when our experimental games are played either by altruistic or by in
equity averse hypothetical players under common knowledge of preferences. We 
study the equilibria of such games and identify the necessary conditions for co
operation. For each underlying experimental game we show that if altruism and 
inequity aversion are distributed as described by the original author's empirical 
application of their models then no cooperation is possible in equilibrium. We 
then use the results from the first part of our experiments to elicit the distri
bution of altruism and inequity aversion among our own experimental subjects. 
In the final section 5.6.5 we compare these results to our experimental data and 
argue that we cannot explain the observed cooperation in the last period of our 
experimental games using either the model of altruism or the model of inequity 
aversion. 

5.6.1 Notation 

Consider a game in which outcomes yield monetary earnings to the players. 
Each of the two models of social preferences that we study below assumes that 

2Given the strong end-game effect in our experimental games we also considered to compare 
the predictions of the two models with behavior in some earlier period, rather than with 
behavior in the final period. We decided to remain consistent with the approach of the 
authors who test their models using the data from the final period of the repeated public 
goods game. 
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each player's preferences over outcomes can be captured by her utility function 
which assigns utility, valued in real numbers, to each possible profile of monetary 
earnings. Each also assumes that players are rational and maximize their utility. 

We therefore distinguish between the monetary earnings and the utilities that 
players gain as the result of an outcome of a game. In particular, we define the 
relevant game theoretic concepts in terms of utility functions. For each profile 
of moves (a,p) G J let 7Tj(a,p) G K be the monetary earning of player i. We 
refer to iTi(a,p) as her direct value. For each i let 

ut : Mn -> K 

be her utility function. For each profile of direct values n = (7ri,...,7Tn) the 
utility of player i is given by Wj(7r). For convenience we denote the utility of 
player i given a profile of moves (a,p) by 

ut(a,p) = Ui(Tr(a,p)), 

where ir(a,p) = (7Ti(a,p), ...,irn(a,p)). 
Move (a*,p*) G Jj is a best response of player i to the profile of moves {a,p) e 

J if 
Ui(a*,p*,a-i,p^%) > Ui^p'^a-i^-i) 

for all (a^p'A G Jj. Profile (a*,p*) e J is a Nash equilibrium if (a*,p*) is a 
best response to (a*,p*) for each player i. Profile (a*,p*) e J is a linking-proof 
equilibrium if it is a Nash equilibrium and if for each pair of distinct players i 
and j either {a*,p*) is a best response to (a*,p*®ji), or (a*,p*) is best response 
to (a*,p* ®ij).3 

We restrict our analysis to games Tl (treatments I and II), Th (treatments III 
and IV), and game Tc (treatment V), defined in section 5.4. In all three games 
the prisoner's dilemma payoffs are given by the payoff function v°, defined in 
(5.1). In game Tl the outside option value is o = 0, in game Th it is o = 40. 
In game Tc players cannot take the outside option and have to interact with all 
other players. 

For convenience we introduce the following notation. For a profile of actions 
a e A let 

Nc(a) = {ieN\ <n =C} 

be the set of cooperative players and let nG(a) = \Nc(a)\ be their number. 

5.6.2 Altruistic preferences 

This model was proposed by Levine (1998). Let each player i be associated with 
her coefficient of altruism ji, satisfying 

- K 7« < 1- (5-2) 
3See chapter 4 for an extensive discussion of the concept of linking-proofness. In short, a 

linking-proof equilibrium is a Nash equilibrium in which there is no pair of separated players 
that would both like to establish the mutual link. 
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Player's coefficient of altruism describes her concern for other players. It affects 
how the direct values of all players are translated into her utility. Levine refers to 
the player with 7$ < 0 as spiteful, to the player with 7$ = 0 as selfish, and to the 
player with 7* > 0 as altruistic. For each vector of direct values n = (w\,..., nn) 
the utility of player i is given by 

"i = 7T, + J2 \ + x
3*3> (5-3) 

where the parameter A, constrained by 

0 < A < 1, (5.4) 

reflects the fact that players have a higher regard for altruistic opponents than 
spiteful ones. 

When A = 0 the model is one of pure altruism of the type discussed by 
Ledyard (1995). Levine, however, estimates that A = 0.45 is more consistent 
with data from ultimatum game experiments of Roth et al. (1991). We call 
coefficients and corresponding utility functions feasible when conditions (5.2) 
and (5.4) are satisfied. Levine (1998) shows that the averages of contributions 
observed in the final period of the repeated public goods game experiments of 
Isaac and Walker (1988) are roughly consistent with the following distribution 
of coefficients of altruism:4 

li 

-0.9 ; pr = 0.20 
-0.22 ; pr = 0.52 
0.133 ; pr = 0.04 . (5.5) 
0.243 ; pr = 0.17 
0.453 ; pr = 0.07 

Network dilemma game with altruistic players 

Consider a network dilemma game T = (N,J,TT), where 7Tj(a,p) is the direct 
value earned by player i given the profile of moves (o, p) S J . Let 

7 = ( 7 l i - > 7 n ) 

be the vector of the player's coefficients of altruism, each satisfying condition 
(5.2). Let the utility of player i, given the outcome (a,p) G J, be 

A r \ / \ V ^ li + ^li / \ 
Ui [a,p) = n(a,p) + 2 ^ 1 + A

 J^j{a,p). 

We refer to the game 1^(7) = (iV, J,uA) as the network game with altruism. 
Below, we discuss the equilibria of network games with altruism based on 

experimental games Fh, Tl, and Tc. The corresponding network games with 
altruism are denoted by 1^(7), 1^(7), and 1^(7). 

4We use pr as an abbreviation for probability. 
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Proposition 5.1 characterizes the Nash equilibria of the game 1^(7) with the 
fixed network, and linking-proof equilibria of games with endogenous linking 
1^(7) and 1^(7). The equilibria are characterized for general distributions of 
coefficients of altruism and for any number of players. Corollary 5.1 then char
acterizes specifically the equilibria when coefficients of altruism are distributed 
by (5.5). 

For a non-isolated player i in network g let 

be the average coefficient of altruism of her neighbors in g. For a profile of 
actions a e A let 

V ' i£Nc(a) 

be the average coefficient of altruism among cooperative players. Recall the 
definition of a clique in section 2.3 of chapter 2. 

Proposition 5.1 Assume 0 < A < 1 and — 1 < 7* < 1 for each i. 

1. In any Nash equilibrium (a*,p*) ofTc
A(-y), Tl

A(j) or FA(-y) with g* = g(p*) 
a non-isolated player i cooperates only if 

l%>l-^-\l-i{g*) (5.6) 

and defects only if the inequality sign is rotated. 

2. In any Nash equilibrium (a*,p*) ofTc
A{~j), and in any linking-proof equilib

rium o / r^(7) orT^(7) the average coefficient of altruism among cooperators 
must satisfy 7C(a*) > 0.5. 

3. Assume A < 0.47. In any linking-proof equilibrium (a*,p*) ofYA{~{) there is 
no exclusion: the complete network gc is the unique linking-proof network. 

4. In any linking-proof equilibrium (a*,p*) ofT^-y) the network consists of a 
clique between all cooperators Nc(a*) and isolated defectors. 

5. Assume that 7$ > 0.5 for each player i. All players cooperate in the unique 
Nash equilibrium of VA (7). Similarly, any non-isolated player cooperates in 
each Nash equilibrium ofTl

A(j) andYA{~{). 

The proof is given in appendix B to this chapter. Note that the assertions 
of Proposition 5.1 are valid for any n > 2. If the coefficients of altruism were 
constrained, as suggested by Levine's estimates (5.5), by — 1 < 7» < 0.5, then it 
can be shown that the third assertion of the proposition is valid for A < 0.75.5 

The following corollary describes the equilibria of the three games if utility 
functions are distributed as estimated by Levine (1998). 

5This can be seen from the proof of Proposition 5.1 in appendix B. Use -ji > 4 p — 

Xj-.i(g*} > i t ^ _ 1 = è m place of (5.18) in part 3 of the proof. 
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Corollary 5.1 Assume A = 0.45 and let coefficients of altruism be distributed 
according to (5.5). In the unique Nash equilibrium ofTA(-f) all players defect. 
In any Nash equilibrium of Tl

A (7) each player with an established link defects, 
and the complete network with all players defecting is the unique linking-proof 
equilibrium. In any Nash equilibrium ofTA{i) players establish no links. 

Proof. Let coefficients of altruism be distributed as in (5.5), which implies 
that 7j < 0.5 for each j . Take a Nash equilibrium of 1^(7) and let i be a player 
with an established link. It follows from the first statement of Lemma 5.1 in 
appendix B that this player defects. Namely, if she cooperates her coefficient of 
altruism must satisfy 

H > ~ ^ ~ A7-i(3*) > ~ ^ - A • 0.5 = 0.5, 

which is impossible. The remaining claims follow from Proposition 5.1. • 

5.6.3 Inequity aversion 

The following model was proposed by Fehr and Schmidt (1999). Let each player 
i be associated with two coefficients of inequality aversion cti and Pi, satisfying 

0 < fa < 1 and fa < on. (5.7) 

Coefficient a% describes player i's aversion to disadvantageous inequality, such 
as envy. Coefficient pi describes her aversion to advantageous inequality, such 
as benevolence. For each vector of direct values IT = (TTI, ...,7Tn) the utility of 
player i is given by 

Ui(n) = -Ki — 2 J max{7Tj - 7T», 0} — J j max{7r, — TTJ,0}. (5.8) 
3 j 

This model assumes that people may suffer from inequality: if inequality 
among players increases then the utility of a player with positive coefficients 
of inequality aversion decreases. The second of conditions (5.7) captures the 
idea that people suffer less from inequality if it is to their advantage. We 
call coefficients and corresponding utility functions feasible when they satisfy 
conditions (5.7). Fehr and Schmidt (1999) use experimental data to estimate 
the distribution of coefficients of inequity aversion by 

0 ; pr = 0.3 
0.5 ; pr = 0.3 

1 ; pr = 0.3 
4 ; pr = 0.1 

a, Pi= < 0.25 ; pr = 0.3 . (5.9) 

Fehr and Schmidt show that for this distribution the model of inequity aversion 
is roughly consistent with the experimental data from the public goods game 
with punishment, reported in Fehr and Gachter (2000). 
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Network dilemma game with inequity averse players 

Consider a network dilemma game F = (N,J,TT), where 7Tj(a,p) is the direct 
value earned by player i given the profile of moves (a, p) € J. Let 

a = (a i , . . . , a n ) and /? = (f3u ...,/?„) 

be the vectors of the player's coefficients of inequity aversion, satisfying condi
tions (5.7). Given the outcome (a,p) e J let the utility of player i be 

u[(a,P) =Ki(a,p) - j - ^max{7Tj(a,;j) -7Ti(a,p),0} 

^ j -^max{7Ti(a ,p) - TTj(a,p),0}. 
3 

We refer to the game Tp(a,/3) = (N, J,uF) as the network game with inequity 
aversion. 

Below, we discuss the equilibria of network games with inequity aversion based 
on experimental games Fh, Fl, and Fc. The corresponding network games with 
inequity aversion are denoted by FF(a,f3), Fl

F(a,/3), and Fc
F(a,/3). 

Proposition 5.2 characterizes the Nash equilibria of the game Fc
F{a,(3) with 

the fixed network, and linking-proof equilibria of games with endogenous linking 
FF(a,P) and Fl

F(a, /3), for all feasible vectors of coefficients a and (3. Corollary 
5.2 specifically characterizes their equilibria if coefficients of inequity aversion 
are distributed by (5.5). 

Proposition 5.2 Assume 0 < /3j < 1 and Pi < cti for each i. 

1. In any Nash equilibrium of Fc
F(a,/3), FF(a,P) or Fl

F(a,(3) a non-isolated 
player i cooperates only if /3j > ^ j . 

2. In any Nash equilibrium ofFF(a, /?) either all players cooperate or all players 
defect. 

3. In any linking proof equilibrium (a*,p*) ofFl
F{a,(3) there is a clique of all 

cooperators Nc(a*), a clique between all defectors N\Nc(a*), and some but 
not all possible links between cooperators and defectors. 

4- In any linking proof equilibrium (a*,p*) of FF(a, ft) there is a clique of all 
cooperators N (a*) but no links between defectors, while a link between a 
cooperative player i and a defective player j is established only if /3j > ^—!-. 

5. Complete defection is always a Nash equilibrium ofFF(a,/3), complete defec
tion in a complete network is always a linking-proof equilibrium ofFl

F{a,f3), 
and an empty network is always linking-proof in FF{a,(3). 

The proof is given in appendix B to this chapter. The following corollary 
describes the equilibria of the three games if utility functions are distributed 
according to estimations in Fehr and Schmidt (1999). 
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Corollary 5.2 Assume n = 6 and distribution (5.9) of coefficients of inequity 
aversion. In the unique Nash equilibrium of Tc

F(a, 0) all players defect. In 
any Nash equilibrium of TF(a,P) each player with an established link defects, 
and the complete network with all players defecting is the unique linking-proof 
equilibrium. Players establish no links in any Nash equilibrium ofTF(a,(3). 

Proof. Following Proposition 5.2 condition f3t > j*Jj = | > 0.7 is neces
sary to establish a link and cooperate. Given that the maximal coefficient /3j 
permitted by distribution (5.9) is 0.6 there can be no cooperation in a Nash 
equilibrium of a network dilemma game with inequity aversion. Hence, follow
ing Proposition 5.2, the complete network is the unique linking-proof network of 
Fl

F(a,(3). The empty network is the unique Nash network of rF(a,/3) because 
Pi < 0.6 < | = 2^1 for any i. m 

5.6.4 Other-regarding preferences of our experimental sub
jects 

In the first part of each of our experimental session the subjects were anony
mously paired and participated in the following task, called the circle test. Each 
subject had to choose, simultaneously and without any interaction with other 
subjects, an angle from the interval [—7r,7r]. By choosing an angle T\ subject i 
earned 500 * cos Tj points and the other subject in her pair earned 500 * sin Tj 
points. After both parts of the experiment have been completed the points 
earned in the circle test were converted into monetary earnings, at the exchange 
rate of 1 euro for 500 points. Subject i maximized her own earning with Tj = 0. 
Selecting TÏ = \ = 45° maximized the joint earning of the players in the pair. 
In addition to the points that the subject allocated to herself she also earned 
the points that were allocated to her by the subject she was paired with. 

The angle chosen by a subject is an indicator of her attitude toward an anony
mous other subject. A subject who cares only about her own earning should 
choose Tj = 0. If, however, she is willing to forego a fraction of her own earning 
in order to increase the earning of another subject then the subject should select 
an angle from the interval (0, 5]. A subject may also gain utility by reducing the 
earning of another subject, in which case she selects an angle from the interval 
[-f,o). 

Higher angles within the interval [—§,§] are, therefore, associated with higher 
concern for the other player. The circle test differs from usual dictator games, 
in which a player simply divides a certain amount of money between herself 
and another player, in that "monetary" efficiency continuously changes with 
the angle and is maximized for r = J .6 With the help of this circle test it 
is possible to infer the distribution of individual coefficients of altruism, or 
of coefficients of inequality aversion, from the observed distribution of chosen 
angles. In particular, we show below that if subjects make decisions according 

6See, for instance, Forsythe et al. (1991) and Eckel and Grossman (1996) for description 
and discussion of experimental dictator games. 
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F i g u r e 5.10: COMPUTER SCREEN DURING THE CIRCLE-TEST. 

to the models of altruism or inequity aversion, most of the chosen angles reveal 
their coefficients of altruism or inequality aversion. 

Figure 5.10 shows the computer screen for this task. Subjects make their 
decision by clicking on the circle in the left part of the screen. A vector is 
drawn with each click, pointing to where the subject has clicked. Two buttons 
below the circle can be used for fine adjustments of the vector. The angle r 
between the horizontal line next to the "Me" sign and the vector, clockwise, 
determines the point earnings of the decision-making subject (cos r) and of the 
other subject in her pair (sinr). Any choice on the right side of the circle yields 
positive own earning for the subject. A choice on the upper side of the circle 
yields positive earning for the other, paired subject. Each time the vector is 
moved the point earnings are re-calculated and shown on the bottom right part 
of the screen. When the subject is satisfied with her decision she clicks on the 
"confirm" button. 

Crucially, during the circle-test the subjects did not have any information 
about the subsequent experimental treatment. They were told only that another 
part of the experiment would follow their current task. The subjects were not 
informed about the angles chosen by the other subjects until the end of the 
whole experiment. They also knew that their choices in the circle-test would 
not be made public during the experiment. We therefore analyze the data from 
the circle-test as independent from the subsequent experimental treatments. 

A thorough discussion of the circle-test is given by Sonnemans et al. (2004) 
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and Brandts et al. (2004). The circle-test is an adaptation of another test, 
called the ring-test, which is used by social psychologists to measure attitude 
toward an unknown, generalized other (see e.g. Griesinger and Livingston, 1973; 
Liebrand, 1984). In the ring-test the subject is asked to make 24 choices between 
different pairs of earnings for herself and a random other. From these choices 
an angle on a circle can be computed, which represents the value orientation 
of the subject. See Offerman et al. (1996) and Offerman (1997) for a detailed 
description of the ring-test. For applications of the ring-test in experimental 
economics see also van Dijk et al. (2002). The circle-test significantly simplifies 
the ring-test, because the angle is chosen by the subject directly.7 A common 
observation in the literature mentioned above is that both tests have predictive 
power: the value orientation, represented by the angle, correlates highly and 
positively with contributions in the initial periods of a repeated public good 
game. 

The distribution of angles chosen in the circle-test, across all 192 subjects 
in our experimental treatments I - V, is shown in Figure 5.11. There are two 
modes of choices: the angle 0 = 0°, chosen by 74 subjects (38.5 percent), and 
the angle j = 45°, chosen by 19 subjects (9.9 percent). Most of the remaining 
choices are rather uniformly distributed across (0, ?)• Only 4.7 percent of all 
subjects chose an angle outside the interval [0, ?] . 

In the following subsections we describe how coefficients of altruism or in
equality aversion can be computed from an angle chosen in the circle-test. We 
are able to calculate these coefficients for most of our subjects8, and thus esti
mate the distributions of altruism and inequity aversion among them. In section 
5.6.5 we discuss whether we can explain the observed last-period cooperation 
levels in our treatments with other-regarding preferences of our subjects. 

Coefficients of altruism 

Assume that the preferences of subject i comply with utility function (5.3) for 
some (unknown) coefficients A and 7*. Assume that i believes that the coefficient 
of altruism of the other player in her pair is j i . We need to estimate the value 
of 7j in order to infer the value of i's coefficient of altruism 7̂  from her choice 
of angle in the circle test. 

Our assumption about how subjects form beliefs about preferences of others 
is based on a prominent hypothesis in psychology, concerning expectations and 
behavior in social dilemma type of games. The false consensus hypothesis con
jectures that, in absence of any information, people tend to expect that unknown 
others are similar to them, with regard to value orientations. The hypothesis 
was formulated by Kuhlman and Wimberley (1976) and an extensive literature 

7However, consistency of the value orientation cannot be estimated by the circle-test. This 
is possible only by repeating the decision, as in the ring-test. 

8Some subjects chose an angle that, according to the corresponding model, should never be 
chosen. Consequently, we cannot cannot make any inferences about their coefficients. Only a 
small proportion of subjects chose such an angle, however: 3 subjects (1.6%) for the model of 
altruism and 9 subjects (4.7%) for the model of inequity aversion. 
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Figure 5.11: T H E DISTRIBUTION OF ANGLES CHOSEN IN THE CIRCLE-TEST BY 

OUR SUBJECTS. The left-most column gives the proportion of subjects that chose 
a negative angle. The dark column "0°" gives the proportion of subjects that 
chose the angle 0 (0°). The dark column "45°" gives the proportion of subjects 
that chose the angle j (45°). The right-most column gives the proportion of 
subjects that chose an angle strictly above ?. Each remaining column gives 
the proportion of subjects that chose an angle between the two corresponding 
values. 

has since documented the propensity of people to expect other people to be like 
them (see e.g. Dawes et al., 1977; Dawes, 1989). 9 

Hence, we assume that 

fi = 7«. (5-10) 

for each subject i, that is, subjects expect that the coefficient of altruism of the 
unknown other player coincides with their own.10 The preferences of subject i 
over the angles in the circle-test are then described by the utility function 

Ui(Ti) = COST; -I- 7 ; s i n r » . (5.11) 

Proposition 5.3, given in appendix B, describes the relation between chosen 
angles and coefficients of altruism. To summarize, if the utility is maximized by 
an angle r* then 

7 = ^ 4 = t a n r * . (5.12) 
COST* l ^ ' 

9We could have considered many alternative assumptions about subject's beliefs, such as 
that all subjects know the average coefficient of altruism in the subject population and respond 
to that when faced with an unknown other subject. However, because of the empirical support 
for the false consensus hypothesis, this is the only case that we consider. 

1 0With this assumption the model (5.3) is equivalent to one of pure altruism, of the type 
discussed by Ledyard (1995), characterized also by A = 0. 
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Figure 5.12: T H E DISTRIBUTION OF ESTIMATED COEFFICIENTS OF ALTRUISM 

AMONG OUR EXPERIMENTAL SUBJECTS. Dark colored columns "0" and " 1 " 
represent the proportions of subjects with 7* = 0 or 7* = 1. The first column 
represents the proportion of subjects with 7̂  € ( — 1,0). The patterned column 
"?" represents the proportion of subject whose choice can be explained only 
by 7t > 1. The remaining columns represent the proportions of subjects whose 
estimated coefficient is between the corresponding two values. 

Angles should be in the interval ( - } , ? ) , and there is a one-to-one relation with 
coefficients of altruism. 

Using equation (5.12) we estimate the coefficients of altruism of our subjects. 
The distribution of estimated coefficients is shown in Figure 5.12. ft is evident 
that our distribution differs substantially and significantly (p < 0.01, two-sided 
Kolmogorov-Smirnov one-sample test) from the one given by (5.5). Around 10 
percent of our subjects chose the angle f = 45° which is consistent with 7* = 1, 
and is at the boundary of the feasibility set. The average estimated coefficient 
among our subjects is 7 = 0.29, which is substantially higher than —0.21, the 
average of distribution (5.5). 

We doubt that the difference between our distribution and Levine's distribu
tion is due to differences between subject pools. Rather, this suggests that the 
model of altruism is not suitable to explain behavior in experimental dictator-
type games.11 For example, it cannot account for subjects who maximize only 
their own monetary value regardless of the behavior of the others. Experiments 
have shown that such subjects, often referred to as selfish, constitute a large 
proportion of all subjects (see e.g. Fischbacher et al., 2001). It would be most 
appropriate to model such players with A = 0 and 7 = 0. Indeed, the choices of 
38 percent of our subjects are consistent with A = 0 and 7 = 0. 

11 This is acknowledged by Levine (1998). 
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estimated// 

Figure 5.13: T H E DISTRIBUTION OF ESTIMATED ^-COEFFICIENTS OF INEQUITY 

AVERSION AMONG OUR EXPERIMENTAL SUBJECTS. Dark colored column "0" 
represents the proportion of subjects with ft = 0. Dark colored column "0.5<" 
represents the proportion of subjects with 0.5 < ft < 1. The patterned column 
" ?" represents the proportion of subjects whose choice can not be explained as 
maximization of utility function (5.13). The remaining columns represent the 
proportions of subjects whose estimated coefficient is between the corresponding 
two values. 

Coefficients of inequity aversion 

Assume that the preferences of subject i comply with utility function (5.8) for 
some (unknown) coefficients a, and ft. The preferences of subject % over the 
angles in the circle-test are then described by the utility function 

W»(TJ) = COSTJ — o.i max{sinTj - COSTJ, 0} — ft maxjcosTj - sin Ti, 0}. (5.13) 

Proposition 5.4, given in appendix B, asserts that for all feasible coefficients a, 
and ft this utility is maximized only if r̂  € [0, J ] . In this interval the own payoff 
(COSTV) always exceeds the payoff of the other (sinr»). Consequently, 

W»(T») = COSTJ - ft (cos Ti - sin Tj), 

which implies that the coefficient a, does not affect player i's choice of the angle 
in the circle-test. 

A selfish player with ft = 0 maximizes her utility by choosing rt = 0. Any 
player with ft > 0.5 maximizes her utility by choosing r» = \ . If a player 
maximizes her utility by an angle r* G (0, j) then 

«in T * 

3t = 

12 

cos T* + sin r* 
(5.14) 

2 See Proposition 5.4 in appendix B to this chapter. 
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There is a one-to-one correspondence between angles in the interval [0, f ) 
and coefficients j3 in the interval [0,0.5). Using equation (5.14) we estimate 
the /3-coefficients of our subjects. The distribution of estimated coefficients is 
shown in Figure 5.13. Our distribution puts larger weight on low /3-coefficients, 
compared to distribution (5.9). Over 35 percent of our subjects appear selfish, 
with /% = 0. Further 24 percent of our subject's estimated /3-coefficients are 
below 0.3. Only 10 percent of the estimated coefficients is in the interval [0.5,1), 
which is much less than the estimate of Fehr and Schmidt that /3-coefficients of 
40 percent of their subjects are 0.6. However, we cannot reject that Pi > 0.71 
for these 10 percent of our subjects, which would imply that they cooperate in 
the Nash equilibrium of our experimental games. About 5 percent of decisions 
cannot be explained by the model (5.13). 

5.6.5 Summary 

The experimental games Fl (treatment I), Th (treatment III), and Fc (treatment 
V) , were not played as suggested by the theory in chapter 4. If monetary payoffs 
in experimental games, as assumed in chapter 4, correctly describe preferences 
of rational players, and if this is common knowledge, then we should observe 
no cooperation. This is not what we see in our experiments: in each of the 
treatments we observe, on average, substantial cooperation. Furthermore, in 
games with endogenous network formation, cooperation was sustained at a high 
level during all but the last few periods. As described below, in each treatment 
we observe positive average levels of cooperation even in the very last period. 

The inconsistency between the theoretical predictions and the experimental 
evidence is not surprising in view of many accounts of similar discrepancies for 
public goods games and other social dilemma games. It is frequently suggested 
that we may need to model our subjects different than as rational own monetary 
earning maximizers. In this section we therefore study whether behavior in 
our experiments can be explained by assuming that our subjects are rational 
utility maximizers, but that their utility functions depend not just on their own 
monetary earnings but on monetary earnings of all players in their reference 
group. 

Such subjects are called other-regarding. Several models have been proposed 
in the literature to account for heterogeneity among the subjects in their regard 
for others. In this section we study two such models, one put forward by Levine 
(1998) and one put forward by Fehr and Schmidt (1999). For each model we 
discuss the equilibria of the three network dilemma games of section 5.4.2. Our 
conclusions can be summarized as follows. 

Resul t 5.9 EQUILIBRIA OF GAMES Fl, Th
 AND TC WITH OTHER-REGARDING 

PLAYERS 

Under each of the two models and for each of the three games there exist Nash 
equilibria in which some or all players cooperate. This, however, is possible only 
when coefficients of altruism or inequity aversion are close to the boundary of 
the feasible sets. If the coefficients are distributed as described by the models 
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of altruism and inequity aversion then there is no cooperative play in any Nash 
equilibrium. 

The last statement in the above result follows from Corollaries 5.1 and 5.2. 
It is interesting to contrast the theoretical prediction, that in the last period of 
the experimental game no player with an established link will cooperate, with 
experimental evidence. The following table shows, for each treatment, the ratio 
of subjects that establish a link and cooperate in the last period. In our view the 
inconsistency between the prediction and the last period behavior is substantial, 
in particular in treatments II and III. 

Treatment 
ratio 

I II III IV V 
11% 22% 38% 6% 7% 

In order to estimate the other-regarding preferences of our own subjects, given 
by their social value orientation, we ran a circle-test before each experimental 
session. We can couple the decision of each subject in the circle-test with her 
behavior in the last period of the subsequent experimental game. This permits 
us to study the relation between our subjects' regard for others and the last-
period cooperative play. Proposition 5.1 asserts that, in a Nash equilibrium, 
condition (5.6) must be satisfied for each player that cooperates and establishes 
at least one link. In regard to inequity aversion, Proposition 5.2 asserts that 
Pi > ;JXJ (> 0-7 for n = 6) must be satisfied for each such player in a Nash 
equilibrium. The experimental evidence, however, is not consistent with these 
predictions. Among the 33 subjects that in the last period establish at least 
one link and cooperate, there are 17 (52 percent) whose coefficients of altruism 
violate (5.6) and 25 (76 percent) whose coefficient of inequity aversion is below 
0.5. 

Resul t 5.10 SOCIAL PREFERENCES OF OUR SUBJECTS 

The observed last period cooperation in our treatments cannot be consistently 
explained by the social preferences of our subjects. 

In chapter 6 below we explore a model of behavioral dynamics in network 
dilemma games when played by boundedly rational, and possibly other-regarding, 
players. We report there some success in capturing the actual dynamics in our 
experimental games. 

5.7 Discussion and Conclusion 

In this chapter we have presented an experimental investigation of the dynamics 
of behavior in repeated network dilemma games. We implement an environment 
with mutual link formation, no linking constraints and no linking costs. We 
report on four experimental treatments, which differ in the value of the outside 
option and in the flow of information between the agents. We also compare the 
dynamics of behavior in experimental treatments with the dynamics of behavior 
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in a control treatment where the network structure is exogenously imposed. The 
theoretical equilibrium analysis predicts no cooperation for all five treatments, 
no exclusion when the outside option is low and no established links when the 
outside option is high. It also predicts no effect of the information condition. 

The following are our main conclusions: (i) Free choice of social links dras
tically increases cooperation. In all four experimental treatments cooperation 
is significantly higher compared to the control treatment. Cooperation levels 
in the experimental treatments appear to be constant or even increasing, (ii) 
Contrary to the subgame perfect predictions, subjects use the option of not 
playing with some of their neighbors and costly exclude those who tend to de
fect. In particular, when exclusion is relatively cheap our subjects keep forming 
links and cooperate. In all experimental treatments cooperators that refuse 
linking to defectors account for most of social exclusion, (iii) Cooperation ap
pears to be affected by both the cost of exclusion and the information flow. 
When exclusion is costly, subjects reach high, but rarely complete cooperation, 
independently of the information flow. When exclusion is cheap, however, in
formation about past behavior appears to be a major determinant of behavior. 
Namely, under maximal information cooperation levels reach 93 percent and 
five out of seven groups unanimously cooperate and fully connect for at least 30 
consecutive periods. In contrast, when information is minimal, "only" 66 per
cent of the actions are cooperative. This may be attributed to different belief 
updating potential, as defectors under the minimal information, being isolated, 
never realize that connected subnetworks of cooperators exist and therefore 
never adjust their behavior, (iv) This also accounts for the large differences 
in network structures between the treatment with maximal and the treatment 
with minimal information, when exclusion is cheap. The groups under maximal 
information completely integrate while groups under minimal information dis
integrate into cooperative subnetworks and isolated defectors. Such a difference 
is not observed in treatments with costly exclusion. We hope to explore the 
influence of information in more detail in future research, for example by study
ing intermediate information conditions, (v) Other-regarding preferences of our 
subjects cannot explain the levels of cooperation observed in the last-period. In 
addition, the equilibrium analysis of our experimental games using models of 
altruism and inequity aversion agree with our standard equilibrium prediction 
and fail to explain the observed last-period behavior. 
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5.8 Appendix A: Average cooperation and net
work structures 

Figures in this appendix illustrate the frequencies of cooperation and of estab
lished links in each group of each t rea tment . Each illustration corresponds to 
one group. Each circle represents one subject in the group. The ratio of co
operative actions of tha t subject is represented by the colored fraction of the 
circle. The style of the line connecting any two circles represents the incidence 
of an established link between the corresponding two subjects. The line style is 
assigned using the following regime: 

Line style 

thick line 
thin line 
dashed line 
dotted line 
no line 

Number of periods in which 
the link was established 

• > 5 1 
41 < • < 50 
21 < • < 40 
11 < • < 20 

• < 10 
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Figure 5.14: TREATMENT I (LowMax) 
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GROUP 1 GROUP 2 GROUP 3 

GROUP 4 GROUP 5 GROUP 6 

Figure 5.15: TREATMENT II (LowMin) 
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Figure 5.16: TREATMENT III (HighMax) 
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F i g u r e 5.17: TREATMENT I V ( H i g h M i n ) 
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GROUP 1 GROUP 2 GROUP 3 

GROUP 4 GROUP 5 

Figure 5.18: TREATMENT V (Control) 
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5.9 Appendix B: Proofs 

The proof of Proposition 5.1 makes use of the following Lemma. Let Vij(a) = 
v°(ai,a,j) — o be the increase in the direct value of player i, playing action <ij, if 
she establishes the link with player j playing action a,j. 

Lemma 5.1 Let (a*,p*) be a Nash equilibrium of the network game with altru
ism TA(J) based on v°, and let g* = g{p*)-

1. Players i and j are separated in g* if 

Vij(a*) + ^ ^ y ^ i O O < o. 

2. Let (a*,p*) be a linking-proof equilibrium of 1^(7). Players i and j are 
neighbors in g* if 

««(«*) + 7 < , + A73'«j«(a*) > 0 and Vji(a*) + 1±r^~vlj{a") > 0. (5.15) 
1 T" A 1 ~r A 

Proof. 1.) If a link between players i and j is established the direct value of 
player i increases by Ujj(o*), and that of player j by Vji(a*). The difference in 
the utility of player i, AljUi = uf(a*,g* © ij) - uf(a*,g*), is 

In the Nash equilibrium: if A'^tij < 0 then i and j must be separated. 
2.) By definition, a profile (a*,p*) is not a linking-proof equilibrium if there 

is a pair of separated players i and j such that Al;,Uj > 0 and A}tUj > 0. • 

Proof of Proposition 5.1. For convenience we use the shorthand notation: 
Nc = Nc(a*), nc = nc(a*), and 7 ° = jc(a*). We refer to a coefficient of 
altruism of player i simply as her altruism. 

1.) For each player i and for any profile of actions of her opponents a l j : 
compared to defection, cooperation decreases her direct value by 20 per neighbor 
and increases the direct values of each neighbor by 40. The direct values of the 
remaining players are not affected. Hence, the difference in the utility between 
cooperation and defection, AcUi = uf{C,a*_i,p*) — uf(D,a*_i,p*), is 

Acut = -20-;,(<?*)+40 £ ^ ± ^ 

= 4 0 - ^ ( g « ) 7 i +
i

A ^ ( g * ) - 2 0 - ; i ( g * ) 
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In the Nash equilibrium, if Acui > 0 then it must be that player i cooperates. 
Alternatively, if AcUj < 0 it must be that player i defects. Note that AcWj > 0 
is equivalent to (5.6) and that AcUj < 0 is equivalent to inequality (5.6) with 
rotated sign. 

2.) Let (a*,p*) be a Nash equilibrium of YC
A{^). For any player i let 7_, = 

j-i(gc) be the average altruism of all other players (in game 1^(7) the network 
is always complete gc). Let 

7 n z — ' 1 
.li 

n *—'ieN 

be the overall average altruism. Hence, 

7-i = ( » 7 - 7 i ) / ( » ~ !) 

for each i. Combine (5.6) and (5.16) to conclude that 

7 i > 
1 
1 - A 

(1 + A ) ( n - 1 ) 
— Xrrf 

(5.16) 

(5.17) 

must hold for any cooperator i e Nc, and the rotated inequality for any defec
tor. Therefore, the altruism of any cooperator is higher or equal to the altruism 
of any defector. Consequently, the average altruism of cooperators must be 
higher or equal to the overall average altruism: 7 ° > 7. Using this in (5.17) 
yields 

and therefore 

7*> 

7 C > 

1 
1 - A 

1 

1 - A 

(1 + A ) ( n - 1 ) 

(1 + A ) ( n - 1 ) 

Xn-y 

A717 c 

which simplifies to j c > 0.5. The related claims about games 1^(7) and 1^(7) 
are proven below. 

3.) Let (o*,p*) be a linking-proof (LP) equilibrium of 1^(7) with o = 0. If 

Vij(a*) = Vji(a*) > 0 then (5.15) is satisfied regardless of the altruism of i and 

J-
Vij(a*) + 1 + A

 vji(a ) > Vij(a ) - Vji{a ) 0. 

because 7^,7^ > —1 for each i,j. It follows from Lemma 5.1:2 that in a LP 
equilibrium a defector neighbors all other defectors and a cooperator neighbors 
all other cooperators. 

Let now i e Nc be a cooperator and let j £ Nc be a defector: Uy(o*) = 10 
and Vji(a*) = 70. Hence, 

Vij(a*) + 
it + ATJ 

Vji(a*) > Vij(a*) — Vji(a*) = 60 > 0. 
" " - ' ' 1 + A 

Furthermore, as i cooperates, (5.6) implies that 

1 + A , 1 
li > -^ A7_i(5*) > - (5.18) 
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because 7_i(<7*) < 1. Thus, 

, M , 7»+A 7 j , * w i n , ^~X™ 9° ~ 190A Uj,-(a ) H -Vjifa ) > 10 H :—70 = —, 
y v ; 1 + A 3 V ' 1 + A 20 + 20A ' 

which is greater than 0 if A < 0.47 < jg. It follows from Lemma 5.1:2 that in a 
LP equilibrium any cooperator neighbors all defectors. Hence, the LP network 
must be complete. We have proven in part 2) of the proof that j c > 0.5 in a 
complete network, which now implies that the same holds also for 1^(7). 

4.) Let (a*,p*) be a linking-proof equilibrium of 1^(7) with o = 40. We 
have shown in part 3) of the proof that players i and j are neighbors in a LP 
equilibrium if Vij(a*) = Vji(a*) > 0. For this game this is the case only if both 
are cooperators. To see that defectors have no neighbors: consider a defector 
j <£ Nc and note that Wy(o*) + Vji(a*) < 0 and %(o*) — Vji(a*) < 0, hence 

Vij(a*) + - JVji(a*) < Vij(a*) +ma,x{vji(a*),-vji(a*)} < 0. 

The LP network thus consists of isolated defectors, while cooperators neighbor 
all other cooperators. 

Condition (5.6) holds for all i € Nc, hence 

nS C = £ 7 i > ^ ( l + A)-ncA7
C, 

ieNc 

which reduces to j c > 0.5. This completes the proof of part 2) for 1^(7). 
5.) If 7» > 0.5 for all players then condition (5.6) holds for any non-isolated 

player. • 

Proof of Proposition 5.2. Consider a profile of moves (a,p) € J and a 
player i that contemplates whether she should deviate by playing (a^p1^ G Jj. 
Let (aJ,Pi) strictly increase the direct value of player i, 

AVj = 7Tj(a-,p-,a_j,p_,) - 7r,(a,p) > 0. 

The corresponding change in utility of player i, A*Uj = uf (a£,p£,a_j,p_j) — 
uf(a,p), depends also on the effect her deviation has on the direct values of 
other players, 

A V j = 7Tj(Oi,^,fl_i,p_j) ~TTj(a,p). 

a) Assume that by deviation of i the direct value of no other player increases 
by more than A*7r<, 

AVj < AVj. 

Then there are three possibilities for each player j j^ i: (i) irj(a,p) < iTi(a,p) and 
^j(a'i,Pi,a-i,P-i) <n{a'i,Pf

i,a-i,P-i), (ii)Trj(a.P) > ^i{a,p) and 7r,-(a<,p<,a_i, 
P-i) > iri(a'i,Pi,a-i,P-i), or (iii) 7Tj(a,p) > n(a,p) and ^ ( a J . ^ . O - i . p - i ) < 
7Ti(a^,pJ, a-i,p-i). The difference in direct values between i and j changes when 
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i deviates and this affects the change in the utility of player i: if (i) then the 
difference in direct values strictly increases by AV, — AV,-, which decreases i's 
utility by •^^(3i{Al-Ki — A*7Tj); if (ii) then the difference in direct values strictly 
decreases by AVj — A1TTJ, which increases i's utility by ^ j a ^ A V j — AVj); 
if (iii) then the difference may increase or decrease, by at most A'TTJ — AVj , 
which changes i's utility between at least — ̂ - r / ^ A V * — AVj) and at most 

The utility of player i increases least if all her opponents are in (i) and most 
if all her opponents are in (ii). Hence, 

AVi - —!— ̂  YiA1^ - AV,) < Al
Ul < AV< + -^—ai V(AVi - A \ ) . 

(5.19) 

b) Assume, in addition, that the deviation of i weakly increases each other 
player's direct value: 

0 < AVj < AV, for each j . 

Inequality (5.19) now implies 

^ - / ^ ( A V i - A V , - ) 

> AV, - -^—A V AV, = AV, - ftAV* > 
n — 1 z—' 

AlUi > AVj - -
n 

3^1 

jyti 

1.) Take a player i that cooperates in (a*,p*), a* = C. Let rf0 be her direct 
earning in (a*,p*). Say that i contemplates whether to defect and let (D, a^p*) 
be the profile of moves that coincides with (a*,p*) in all choices with exception 
of a* = D. Let 7rJ:D be the direct earning of i in (D, a^t,p*). Further, for each 
player j let TT*-: and 7r!:£> be their direct values in (a*,p*) and (D,a*_t,p*). Let 

<?* = g(p*)-

Let Al:DTTj = TTj:D — TTj-c be the difference in direct values of player j if player 
i switches from cooperation to defection. By defection player i increases her own 
direct value by A*:£)7Tj = 20li(g*), decreases the value of each of her neighbors 
j G Li(g*) by AI:DTTJ = —40, and does not affect the direct values of other 
players. 
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Assume that i has at least one neighbor, h(g*) > 1. Part a) of the proof now 
implies 

^D
Ui = uf(D,aU,P*)-uf(a*,p*) 

n - 1 jL-J 

j¥=i 

> 20k(g*) - -L-fit 
n — 1 

J2 (2(W)+40)+ J ] 20Zi(g*) 
jeLi(g') 3<tLi(g')U{i} 

= 20li(g*) - -*—& [(n - l)20ii(5*) - f<(ff*)40] 
n — 1 

= 2 0 / l ( 5 * ) ( i - A ( i - ^ I ) ) -

Given that (a*,p*) is a Nash equilibrium in which player i cooperates it must 
be that 0 > AufD, which implies /?» > ^ j -

2.) Consider a Nash equilibrium of Vp(a, ft) with nc cooperative and nD = 
n — nG defective players. Assume that both rtF and nD are positive, 1 < 
nc, nP < n — 1. The direct values of a cooperator and of a defector are wc = 
50(n c - 1) + 10n c and -nD = 70nc + 30(nD - 1). The difference between these 
values is nD — irc = 20(n + 1), independently of n°. Take a cooperative player 
i. If i defects she earns 20(n — 1), increases the inequity towards the remaining 
cooperative players by 20 (n + 1) and decreases the inequity towards the current 
defective players by 20(n + 1). In particular, 

A^D
Ui = u((D,aU)-u((a*) 

nc - 1 nD 

= 20(n-l) Pi20(n + 1) + c*j20(n + 1) 
n — 1 n — 1 

> 2 0 ( n - l ) - & 2 0 ( n + l ) — — ( n c - 1 - n D ) . 

Given that the action profile is a Nash equilibrium, it must be that 0 > Al:DUi, 
which implies 

v ' n +1 
Because n c — 1 — n D > n — 3 this implies 

( n - 1 ) 2 _ n 2 - 2 n + l 
A " ( n + l ) ( n - 3 ) n 2 - 2 n - 3 

which violates condition (5.7). Hence, either nc = 0 or nD = 0. 
3.) Consider a linking proof equilibrium (a*,p*) of rl

F(a,(3). If i and j both 
defect, or if they both cooperate, they are neighbors: if they were not neighbors 
each would strictly increase her utility by adding the link, which follows from 
part b) of the proof. 
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Let nc and n be the numbers of cooperators and defectors according to 
a*. We have shown in part 2) of the proof that in the complete network either 
n = 0 or nD — 0 must hold. Hence, the network cannot be complete when 
both nc,nD > 1. 

4.) Consider a linking proof equilibrium (a*,p*) of T^(a,P). Hi and j both 
defect they cannot be neighbors: if they were each would strictly increase her 
utility by removing the link, which follows from part b) of the proof. If i and j 
both cooperate they are neighbors: if they were not each would strictly increase 
her utility by adding the link, which again follows from b). 

Finally, assume that a cooperator i and a defector j are neighbors. By re
moving the link i increases her direct value by 30, decreases the direct value of j 
by 30, and does not change the direct values of other players. Hence, following 
part a) of the proof, she thus changes her utility by 

A^Ui = uf(a*,p*)-uf(a*)P*-ij) 

> 30 ~ ft(60 + V 30) = 30(1 - - 2 - A ) 
7 1 — 1 *—' 71 — 1 

Given that (a*,p*) is a Nash equilibrium in which i and j are neighbors it must 
be that 0 > Auf3, which implies A > 2 ^ i -

5.) Assume a complete network in which all players defect. If player i deviates 
by cooperation she decreases her own value and increases inequity, thus strictly 
reducing her utility. Furthermore, in Tl

F(a,(3) the same argument proves that 
she decreases her utility if she removes one or more of her links. 

Consider Vp(a,/3), let the network be empty and let all players defect. If 
player i establishes a link with a defective player she decreases her own value 
and increases inequity, thus strictly reducing her utility. • 

Proposition 5.3 Consider utility function (5.11) and let -ji satisfy (5.2). If 
T* = max r i 6 (_„,„.] Ui(Ti) then r* G (-f , f ) . If 7 i = 0 then T* = 0 . If -y, = 1 
then T* = f • If — 1 < Ji < 1 then ji = tanr j . 

Proof. An angle r G (f ,7r] (or r 6 [—7T, - § ) ) should never be chosen because 
the angle ir — T (or —7r — r) strictly increases utility (5.11): it maintains the 
earning of the other player and strictly increases own earning. To see this note 
that for any r, sin(7r - r) = sin(-7r - r) = sinr. Furthermore, if r e (f,7r] 
then (TT - T) G [0, f ) , hence cos(7r — r) > 0 > COST, and if r G [—K, —?) then 
(—7T — T) e (—f ,0], hence cos(—7r — r) > 0 > COST. It is easy to see that any 
player strictly prefers angle 0 from angles — ? and 5. 

If angle r* maximizes the utility the first order condition must be satisfied: 

-^(Ti) = ~smTi +7»cosr i = 0 . 

This implies ji = tanrj . Given constraint (5.2), angles should thus be chosen 
from the interval ( —f, f )• • 
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P r o p o s i t i o n 5.4 Consider utility function (5.13) and let cti and Pi satisfy 
(5.7). Ifr* = m a x ^ . , ^ ] Uifo) then r* e [0 , f ] . If ft = 0 then T* = 0. 
If Pi > 0.5 then T* = | . ƒƒ 0 < ft < 0.5 i/ien ft (sin r, + COST,) = s in r j . 

Proof . Let r* = maxTi£(_7r i7r] Wj(Ti). 

1.) Take an angle Tt £ [-f , 2f ], i.e., r* G ( - ^ , - f ) . We show tha t « i ( - f -
r<) > Uifa) , for the angle - f - r< G [-f , ^ ] . Hence, no angle r4 £ [ - f , % ] 
can maximize Ui and rt* G [— j , ^f ]. 

Elementary trigonometric equations imply 

cos( —— — Ti) = — sinTj and sin( — — — r,) = — COSTJ, 

hence 
s m ( - - - Tj) - c o s ( - - - Ti) = smTj - COSTV 

and 

c o s ( - - -Ti) - C O S T J = -2s in (Tj + - ) > 0 for T* G ( — 2 ~ » _ T ) -

Therefore, for each angle Tj G (—x> — ?) t n e a n g l e ~~ § ~" Ti induces the same 
inequality between own and other 's payoffs and strictly increases own payoff. 
Utility is thus strictly increased. 

2.) Note next tha t Uj(f) > Ui(Tj) for any angle Tj G (f, 2f]: at | t he 
inequality is minimized to 0, because cos f = s i n ^ , and cos Ti < cos ? for 

'« *= \ 4 ) 4 J-

3.) Finally, we show tha t U J ( - T , ) > Mi(Tj) for any TÏ G [—f, 0), which together 
with 1.) and 2.) implies tha t r* G [0, f ] . For r8 G [ - f ,0) : 

COS(TJ) = cos(—Ti) > sin(—Tj) = — sin(Tj) > 0, 

hence 

COS(T,) — sin(7j) > COS(TJ) + sin(r,) = cos(—r,) — sin(—r,) > 0. 

Again, the angle —Ti induces the same own payoff as Tj, but strictly decreases 
the loss of utility due to inequality. Utility is strictly higher with — r*. 

4.) Obviously, if ft = 0, function Ui(Ti) = COST, is maximized with T, = 0. 
For Ti G [0, j), sin Ti + COST, > 2s in7 j , hence 

du • 
T ~ ( r i ) = - sin Ti + ft(sinT; + COSTJ) > sin 7,(2/3* - 1). 
dTi 

If ft > 0.5 then ^r(Ti) > 0 for all Tj G [0, j), and the continuous function UJ(TJ) 

reaches its maximum over [0, | ] at Tt = j . If 0 < ft < 0.5 then ^r{n) = 0 

implies ft (sin r* + COST*) = sinr*. • 
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5.10 Appendix C: Exper imenta l instruct ions 

Introduction 

Welcome to this experiment on decision-making. In this experiment you can 
earn money. How much you earn depends on your decisions and the decisions 
of other participants. 

The experiment consists of two completely independent parts. In each part 
you can earn points. Your earnings in each part are independent of your earnings 
in the other part. At the end of the experiment you get paid your earned points 
privately in cash, according to the exchange rate: 

5 points = 1 eurocent. 

Now you will receive the instructions for the first part. You will get the 
instructions for the second part only after the first part is finished. At the end 
of the experiment you will be asked to fill in a short questionnaire. Thereafter 
you will be paid your earnings. 

During the whole experiment, you are not allowed to communicate 
with other participants in whatever way. 

If you have a question, please raise your hand. We will then come to you to 
answer it. 

Instructions part I 

In part I of the experiment you are asked to make one decision. This decision 
is about assigning an amount (of points) to yourself and an amount to another, 
randomly chosen participant. 

You received a print-out of the computer screen for part I from us. Please 
take it in front of you now. We shall explain your choice options with the help 
of this print-out. 

On the screen you see a circle. By choosing a point on this circle you decide 
about the assignment of an amount to yourself and of another amount to one 
other participant in this experiment. This other participant will be chosen 
completely randomly by the computer. 

Each point on the circle represents an amount that is added to your earnings 
(+) or is subtracted from your earnings (-) and an amount that is added to the 
earnings of the other participant (+) or is subtracted from his or her earnings 
(-). Hence, with your decision you can increase or decrease your earnings and 
the earnings of the other participant. 

You can click on any point of the circle with the help of your mouse. You 
will then see an arrow that shows the decision you made. Additionally, you will 
see the corresponding amounts (points) in the window 'decision', at the right 
of the circle. In the For me field you will see the amount that you assigned 
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to yourself, and in the For the other field the amount you assigned to the 
other participant. To change your decision you can click on another point of the 
circle. You may also use the buttons below the circle. With these buttons you 
can refine your decision: you can move the arrow a little bit in the clockwise 
direction (left button) or in the counter-clockwise direction (right button). If 
you are satisfied with your decision you have to confirm it by clicking on the 
button 'Confirm'. A 'last chance' window will then appear. Click on 'yes' if 
you do not want to change your choice anymore. 

Your earnings will depend on your own decision and the decision of the other, 
randomly chosen, participant you are paired with. This other participant has 
to make a similar decision. Your earnings in this part of the experiment are 
therefore equal to the sum of the amount you assign to yourself and the amount 
that the other participant assigns to you. Note: these amounts can be positive 
but also negative. In the latter case the amount will be subtracted from the 
earnings of the respective recipient. 

During the whole experiment, you will receive no information about 
the decision of the other participant you are paired with. Only after 
the end of the experiment you will get informed about the amount 
this other participant has assigned to you. The other participant will 
also get informed about the amount you assign to her or him only 
after the end of the experiment. 

If you have any questions now, please raise your hand. If you do not have 
any questions, please click on 'READY'. 

Part I of the experiment will begin shortly. There is no practice round. 

[Part I of the experiment started after all subjects clicked on 'READY'. In
structions for part II were given only after all subjects completed part I] 

Instructions part II 

In this part of the experiment every participant is in a group of six with 
five other participants. Before part II begins, these groups of six will be formed 
arbitrarily with the help of the computer. The group you are in will not change 
during the experiment. You will get no information about the identity of the 
persons in your group, nor during the experiment, neither after the experiment . 
Neither will the other participants receive any information about your identity. 

Each person in your group is indicated by a letter. The other five persons in 
your group will be indicated by the letters A, B, C, D and E. You will receive 
the name Me. The same letter always refers to the same person. 

This part of the experiment consists of 60 rounds. In each round you can 
earn points. Your total earnings in this part of the experiment is the sum of 
your earnings in each of the 60 rounds. 

In each round, you - and each other person in your group - has to make two 
decisions. You have to make a decision: connections and a decision: color, 
explained in detail below. 
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Note: during all 60 rounds the other participants in your group will stay the 
same persons. 

Decisions (in one single round) 

decision: connections 
You have to decide with whom you want to make a connection. You can 

choose any other person in your group and you can make as many connections 
as you want. These choices - together with choices of the other persons in 
your group - determine with whom you interact (in the respective round) as 
explained below: 

• You will interact with a person in your group only if you make a connection 
with him or her and this person also makes a connection with you. 

• You will not interact with persons with whom you do not make connec
tions. 

• You will not interact with persons who do not make connections with you. 

For your convenience we will call those persons in your group with whom you 
interact: your neighbors. Your neighbors are therefore those persons with 
whom you made a connection and who made a connection with you. 

decision: color 
Each person in your group has to choose between two colors: blue and green. 

As explained above, you interact with each of your neighbors. In these inter
actions you can earn points. The color chosen by you and the color chosen 
by your neighbors determine how much you and your neighbors earn in these 
interactions. 

Your earnings and the earnings of a neighbor of you are determined as follows: 

, color of your . earning of 
your color . , , your earning . , . neighbor your neighbor 

blue blue 50 points 50 points 
blue green 10 points 70 points 

green blue 70 points 10 points 
green green 30 points 30 points 

In each round you will interact with all your neighbors. Therefore, your total 
earnings in a round from interactions with your neighbors is the sum of all points 
you earn in each of the interactions. For each person in your group with whom 
you do not interact (i.e. all persons who are not your neighbors) you earn 0 
[in the high outside option treatments III and IV this number was 40) points. 
For example, if you have no neighbors in a round, then you earn 0 [in the high 
outside option treatments III and IV this number was 200} points in this round. 
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Note: you can not choose different colors for different neighbors. You can 
change, however, the color as well as your connections between the rounds. 

You get now information about the computer screen that you will see soon. 
You received a print-out of the computer screen (Example screen 1) from us. 
Take this print-out in front of you. You see now also the color version of it as 
an overhead projection. The screen consists of five windows: round, decision: 
connections, decision: color, information and special explanation. 

• round: This window holds information about past round(s). At the be
ginning of a new round you will receive information about decisions in the 
previous round, automatically there (In the example, this is round 2; see 
upper left.). In the window there are 6 little squares, named Me, A, B, 
C, D and E. M e always refers to you. The letters refer to the other five 
persons in your group. 

— A thick black line between two persons (letters or 'Me') indicate that 
these two persons were neighbors in the previous round, that is, they 
had interaction with each other (see the line between M e and E on 
the example screen). 

— A thin gray line between two persons indicates that only one of them 
made a connection: such a gray line is full on the side where the con
nection was made, and broken on the side where connection was not 
made. (See, e.g., the line between M e and B on the example screen: 
Me made a connection with B, but B did not make a connection 
with Me.) 

— The squares are either blue or green. This gives you information 
about the color choices of the persons in your group. (In the example: 
persons B, C and E have chosen the color green, while the persons 
Me, A and D have chosen the color blue.) 

— At the bottom of this window you find two buttons called previous 
and next. You can use these buttons to look at the decisions in all 
previous rounds. Between the buttons you can find your earnings 
(in points) in the corresponding round. 

[in the minimal information treatments II and IV a slightly different exam
ple screen was given and the second and the third item in the description 
of this window were as follows:} 

— A thin gray line between M e and another person in your group in
dicates that only you made a connection. Such a gray line is full on 
the side of M e (you made the connection), and broken on the side 
of the person who did not make a connection. (See the line between 
Me and B on the example screen: M e made a connection with B, 
but B did not make a connection with Me.) 
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— The squares are either blue or green or gray. This gives you infor
mation about the color choices of the persons in your group. You 
can see only the colors chosen by your neighbors. This means, you 
can not see the colors chosen by the persons with whom you did not 
make a connection, and you can not see the colors chosen by the 
persons who did not make a connection with you. The squares of 
the persons that are not your neighbors are therefore gray. (In the 
example: you (Me) know only that person E has chosen the color 
green. You cannot see the colors chosen by other persons.) 

• decision: connections In this window you can choose with whom you 
want to make a connection. Again, there are five squares named A, B, C, 
D and E and the square Me. You can make a connection with another 
person in your group by clicking on the corresponding square. A thin 
gray line will appear to indicate that you made a connection. To remove 
a connection you made, click on the corresponding square again. (On the 
example screen: Me made a connection with persons B and E.) 
Note: At the beginning of each round you will always see the connections 
that you made in the previous round. If you want, you can remove these 
connections in the way described above. 

• decision: color This window is located precisely underneath the window 
just described. In this window you choose between the two colors blue 
and green. You make your decision by clicking in the empty button to 
the left of blue or green. 

When you are satisfied with all your decisions (that is, with both: the 
connections you made and the chosen color), you have to confirm these 
decisions by clicking on the button 'Confirm'. You will then see a 'last 
chance' screen. 

• 

• 

information In this window you find information about the current round 
and about your total earnings up to this round. 

special explanation If this window becomes yellow you have to make 
your decisions. After you have made and confirmed your decisions this 
window will turn gray. You then have to wait until all participants are 
ready. Only then a new round will begin. 

Information: After the round is over you will receive information about all 
the choices (that is, all connections made and all color choices) of all persons in 
your group. Similarly, all other persons in your group will receive information 
about all your decisions. 

This is the end of the instructions. When all participants are ready you 
will have to answer a few questions, to make sure that you understood the 
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instructions properly. Thereafter, there will be one practice round in which 
you cannot yet earn any money. Your decisions in this practice round will not 
be revealed to other participants. Only after the practice round is over part II 
of the experiment will begin. 

If you have any questions please raise your hand. If you have no questions, 
press 'ready'. 

[After all subjects clicked on 'READY' each had to answer, individually at 
her computer terminal, a set of questions designed to test her comprehension 
of the instructions. The practice round began only after each subject correctly 
answered all the questions. Part II of the experiment started after all subjects 
finished with the practice round.} 
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