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Chapter 1

Introduction

The idea of "fairness" affects us at all stages of our lives. It underlies our opinions, af-
fects our decisions, impacts our behaviour, and influences our motivation (see e.g., Chory-
Assad, 2002; Van den Bos, 2001; Franke et al., 2013; Crockett et al., 2008). It can reinforce
or damage a career, strengthen or ruin a relationship, and advance or destroy an authority. In
fact, fairness is a crucial factor of human interaction. Studies show that from an early age,
children are aware of fairness (Murnighan and Saxon, 1998; Sutter, 2007). For instance,
in an experiment, preschool-age children were asked to divide three cookies between two
individuals. One individual worked hard to make cookies and the other one slacked. The
most common division of the cookies was to give two cookies to the hard worker and one
to the slacker (Liénard et al., 2013).

Behavioural scientists have demonstrated that interaction settings offering seemingly
identical choices, result in different behaviour when they are presented in different frames
or when they are conducted in different contexts (see e.g. Kagel et al., 1995; Kahneman
and Tversky, 1979). This thesis investigates the influence of various contexts on people’s
fairness and fairness-driven cooperative behaviour.

In economics, a systematic analysis of fairness and its impact on individuals’ beha-
viour can be traced back to the seminal bargaining experiment by Güth et al. (1982) in
which subjects demonstrated a willingness to incur personal sacrifice for "fair" allocations.
Later, plenty of experiments have been conducted studying the effect of other-regarding
preferences including fairness on subjects’ behaviour. For instance, different versions of
bargaining game experiments demonstrated that buyers frequently deviate from selfish de-
cisions by offering positive shares to sellers (Binmore et al., 1985; Kahneman et al., 1986;
Forsythe et al., 1994; Hoffman et al., 1996; Cameron, 1999).

Next to experimental studies which generally confirm a role for fairness in economic
decision making, theoretical models of human behaviour try to explain individuals’ beha-
viour by adding elements of fairness-concerns to the classical utility function. The common
ground of these theories is that other players’ payoffs enter an individual’s utility function.
The most famous outcome-based model is the fairness model of Fehr and Schmidt (1999)
where each player compares his own payoff with the payoff of every other player in a group.
At the same time Bolton and Ockenfels (2000) introduce a model where each individual
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2 CHAPTER 1. INTRODUCTION

compares his own payoff with the average payoff of all other players. In the intention-
based model of Charness and Rabin (2000) every player takes the other players’ intention
into account and compares his own payoff with the worst-off player in a group.

These models were successful in explaining human behaviour in some situations, both
in real-world examples and in laboratory experiments (e.g., Fehr and Gächter, 2000b; Fehr
and Gächter, 2002; Fehr and Schmidt, 2006; Fehr and Fischbacher, 2002). These studies
confirm that other-regarding preferences play an important role in players’ decisions. How-
ever, in almost all of these studies, subjects interact in homogeneous settings with respect
to their positions and/or roles in the group they interact with. In order to take more realistic
social structures between players into account, theoretical as well as experimental studies
on individual behaviour are needed in which individuals are not necessarily in compar-
able positions with others but rather are placed in both advantageous and disadvantageous
positions.

The present study contributes to the understanding of the effect of other-regarding pref-
erences on individuals’ behaviour by providing some novel analyses of the underlying
factors that characterize the decision situation. We study the effect of the decision con-
text on cooperative behaviour. We are particularly interested in the effect of the social
context, the strategic context and the cultural context on individuals’ cooperative behaviour
and fairness-concerns. The following briefly introduces what will be discussed in each
chapter, what motivates our study, and how our main findings relate to the findings of other
relevant research.

1.1 Behaviour in social context

Granovetter’s concept of social embeddedness captures the idea that the actions indi-
viduals choose are importantly influenced by the social relations within which individuals
function (Granovetter, 1985; Portes and Sensenbrenner, 1993). Such decisions range from
searching a job through social networks (e.g, Granovetter, 1995), deciding to participate in
delinquent behaviour (e.g., Haynie, 2001), or pursuing education beyond high school (e.g.,
Calvó-Armengol and Jackson, 2009) etcetera.

Social embeddedness can be modelled by assuming that individuals are interacting on
a network (see, e.g. Jackson et al., 2008; Raub et al., 2011). The extensive theoretical
literature on strategic interaction on networks mainly deals with two types of behaviour:
behaviour that is characterized by strategic complementarities; where a player has an in-
centive to choose a strategy which is well-matched with their neighbours, like adopting a
new technology or learning a new language; or behaviour that is characterized by strategic
substitutabilities; where players try to benefit from their neighbours’ actions and free-ride,
like contributing to a public good (see e.g., Galeotti et al., 2010; Jackson, 2010).

In situations involving a conflict of interests, strategic interaction on networks can lead
to very unequal outcomes for the involved players. That is why we focus on the second
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category of games in our study, where we analyse the effect of social structures on an indi-
vidual’s behaviour assuming that the individual’s utility it affected by fairness-concerns.

We study an experimental network game where players are located on nodes of certain
networks and where they interact only with their direct neighbours. Therefore, players’
decisions depend on the actions taken by their neighbours in the network. For example, the
complete network is the extreme case where every player interacts with all other players in
the network and each player’s outcome is affected by all the players’ behaviour. We use a
local public goods game, played on various networks structures, where each player’s con-
tribution to the local public good provides some benefit to all his neighbours. Bramoullé
and Kranton (2007) derive the game-theoretical predictions for purely self-interested in-
dividuals in this game. They consider networks with different degrees of symmetry and
transitivity. Their results demonstrate that every social structure has at least one special-
ized equilibrium. In such an equilibrium, subjects contribute to the local public good if the
sum of contributions of their neighbours is less than the optimum level of the contribution
in the game, and otherwise they free-ride. Specialized equilibria are stable and in some
networks, they are the unique outcomes.

Assuming that people are not exclusively selfish, we incorporate fairness-concerns into
this model. Therefore, each individual compares his payoff with all the other individuals
in the neighbourhood one by one and we assume that any player’s utility is reduced by
advantageous and disadvantageous inequality which results from having a higher or lower
payoff than any other player in the group. In Chapter 2 we develop a theory of (marginal)
fairness-concerns where we aim to answer the following question: How do various network
settings affect individuals’ behaviour, when individuals are fairness-concerned?

Later, in a laboratory experiment, we test our theory of marginal fairness-concerns by
imposing an interaction structure on a local public good decision situation, and by system-
atically varying this structure along two dimensions, symmetry and transitivity. We will
discuss how various degrees of influence between individuals affect their behaviour, and
how fairness-concerns affect subjects’ behaviour based on their positions.

When players are all on comparable positions, as in the complete network, fairness
could be defined as an equal effort by all players which naturally results in equal payoffs
for all of them. Introducing asymmetric and intransitive relations in a game, we need to
redefine what we mean by fairness-concerns. So far, most of the studies use the fairness-
concept introduced by Rawls (1971). According to the principles of fairness each individual
in a society should have exactly the same equal rights everybody else has in the society and
nobody should be advantaged or disadvantaged by the possibility of social circumstances
or natural chances. Therefore, all decisions should be made under a veil of ignorance,
which means that information should not play any role in the process of decision making.
However, unlike Rawls, Konow (2005) suggests that "information affects views of fairness
in a manner consistent with a common set of spectator values". In our study we examine
which of these two definitions is closer to reality, i.e. which one is observed more often in
our laboratory experiments.
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1.2 Behaviour in strategic context

Is other-regarding behaviour a stable trait of people, or is it dependent on their role in
a strategic interaction? While many social scientists assume that other-regarding prefer-
ences are traits of people, much evidence suggests that cross-situational behaviour is not
very consistent at the individual level. Therefore, the effect of asymmetric roles on an in-
dividual’s behaviour in strategic interactions needs to be considered as well. For instance,
in a standard public-goods game all the players in a group have comparable roles, while in
a standard ultimatum game or a market game each player has his own specific role. The
strategy choices of players in the first game are substitutes, and they are complements in
the second one (Cooper and John, 1988).

Much of the work on other-regarding preferences is based on results from experiments
on ultimatum games, market games and dictator games. Experiments on market and ulti-
matum games exhibited deviations from the subgame perfect Nash equilibrium predictions,
in which one player receives all the benefit from the transaction. This deviation has been ex-
plained by players’ fairness-concerns (e.g., Güth and Tietz, 1990; Roth et al., 1991; Kagel
et al., 1995). However, Forsythe et al. (1994) show that a proposer’s behaviour cannot be
fully explained by fairness-concerns. Also with respect to responders’ behaviour it is not
clear whether rejections of positive offers are due purely to outcomes or reflect a desire to
punish unkind actions by proposers (Bereby-Meyer and Niederle, 2005). The alternative
explanation is that the proposer’s behaviour in the ultimatum game is driven by distribu-
tional or strategic concerns. For example, for proposers this situation is an opportunity for
monetary gain and they try to be strategic and look for ways to increase their own payoffs.
If they correctly predict the action of the responders, their offers will be accepted and they
receive at least half of the pie (Kagel et al., 1995).

Another concern about the ultimatum game is that players’ actions in the ultimatum
games are commonly inconsistent with backward induction calculations. Further, Binmore
et al. (2002) compare experiments with one-stage and two-stage alternating-offers bargain-
ing games and their experimental results show that players are not necessarily maximizing
their monetary payoffs and that they are not performing backward induction calculations.
The same result holds for public-goods games with and without punishment either in the
one-shot or in the repeated version of the game (Willinger and Ziegelmeyer, 1999, Son-
nemans et al., 1999, Masclet et al., 2003). Therefore, finding all the Nash equilibria of these
games instead of considering only the subgame perfect Nash equilibrium, and character-
izing all Nash equilibria of each of these games for various degrees of fairness-concerns,
might help identifying the strength of fairness-concerns by observing individual behaviour
in various strategic contexts.

Chapter 3 presents a second theoretical model of marginal fairness-concerns and is de-
voted to answering the following questions: Does the expression of fair behaviour depend
on the subject’s social role in a strategic conflict? How is the number of Nash equilibria
in strategic conflicts affected by the strength of fairness and social-welfare concerns of the
involved players?



1.3. BEHAVIOUR IN CULTURAL CONTEXT 5

For instance, in the ultimatum game and in the absence of fairness-concerns, responders
accept every offer larger than or equal to zero, while by adding fairness-concerns, even
when they are marginal, responders reject zero offers and even positive but low offers. On
the contrary, selfish players in a public goods game contribute zero, while adding fairness-
concerns to the players’ utility function changes the number of equilibria to infinity, where
every contribution can be supported by a Nash equilibrium. We test the predictions of the
theory, using evidence from several existing experimental studies.

1.3 Behaviour in cultural context

As the social and the strategic context, also social norms play a fundamental role for
individuals’ behaviour. They assist us in shaping our behaviour based on what people
around us consider appropriate, correct or desirable. A social norm can be interpreted as a
behavioural rule which might have negative consequences for those who refuse to adhere
to it (Maskin, 2010). Therefore, a society’s culture can be seen as the collection of social
norms in force in that society.

Axelrod and Hamilton (1981) study the dynamics of norms using an evolutionary ap-
proach. The principle of this approach is that what works well for a player is more likely
to be used again while what turns out badly is more likely to be discarded. But how stable
are these norms? According to Axelrod (1986) norms can be supported by a wide variety
of mechanisms such as the willingness to punish someone who does not enforce a norm,
social proof, membership in groups, and reputation.

In social dilemmas maintaining cooperative behaviour through social norms is usually
a problem, because one can easily enjoy a collective good without exerting any effort. One
of the games that exhibits the conflict between cooperative behaviour and free-riding in-
centives is prisoner’s dilemma. While mutual defection in the one-shot version of the game
is the unique Nash equilibrium, infinite iteration of the game makes conditional cooperative
behaviour (mutual cooperation) a sustainable social norm; as long as there have been no
previous defections, each player will cooperate for fear that if she does not, the other player
will not continue to cooperate in future iterations (Maskin, 2010). Unfortunately, mutual
cooperation is not the only sustainable social norm in the repeated prisoners’ dilemma. In-
deed, every strategy with patterns of mutual cooperation and mutual defection can be an
equilibrium.

Cultural learning or the cohesion of social norms within a culture might establish beha-
vioural differences across countries. Recently, several studies in social dilemmas recorded
some differences in cooperative behaviour across countries (e.g. Gächter and Herrmann,
2009, Herrmann et al., 2008). However, finding a mechanism that enables us to system-
atically relate cooperative behaviour in a society to some measurable cultural variables is
still needed. Is there is any specific cultural aspect that promotes cooperative behaviour of
individuals within a culture?
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Quantifying culture and providing a cross-cultural comparison is a difficult task due to
a number of challenges, such as providing a theoretical definition of culture, or data col-
lection (i.e. the translation of relevant survey items into foreign languages). Despite the
great complexity of the construct of culture, scholars often define it from a simplistic point
of view as nationality or citizenship. Hofstede et al. (1991) provides one of the few survey
instruments to measure various dimensions of culture which gained vast recognition and
popularity. According to Hofstede et al. (1991) "individualism, can be defined as a pref-
erence for a loosely-knit social framework in which individuals are expected to take care
of only themselves and their immediate families. Its opposite, collectivism, represents a
preference for a tightly-knit framework in society in which individuals can expect their rel-
atives or members of a particular in-group to look after them in exchange for unquestioning
loyalty".

We collect data from several laboratory experiments across countries and try to ex-
plain behavioural differences by examining the cultural orientation of the individuals in the
experiment (i.e., whether the individual is relatively more collectivist or individualist in
orientation (Hofstede et al., 1991). We examine laboratory experiments with participants
from the relatively more individually-oriented West and participants from the relatively
more collectively-oriented countries in Asia, and examine whether there is any difference
in the behaviour. Particularly, our research question in Chapter 4 is: How is individu-
als’ cooperative behaviour in repeated prisoner’s dilemma games associated with cultural
dimensions such as individualism and collectivism?

1.4 Outline of the thesis

More than 30 years before the release of "The Handbook of Experimental Economics"
by Kagel et al. (1995), experimental economists started to test utility-based hypotheses
instead of payoff-based ones. Based on the idea of revealed preferences, the purpose of
experimental economics was to deduce the preferences of a utility maximizing player form
his behaviour in carefully designed experiments. Many experiments focused on other-
regarding preferences. The recent outcome-based models of utility, developed by Fehr and
Schmidt (1999) and Bolton and Ockenfels (2000), help explain the earlier experimental
data, especially data from bargaining games. However, experimental findings on the re-
lative strength of other-regarding preferences are still inconclusive. We therefore further
develop these models by considering how the specific context of a decision situation, i.e.
the subjects’ interaction structure, the strategic context, or the cultural context, influences
behaviour.

An individual’s position in a social network can be categorized according to a few net-
work structural features. Chapter 2, presents a model of behaviour on networks, focusing
on two of these features: symmetry and transitivity. Being in structures with different de-
grees of transitivity and symmetry, players have heterogeneous positions and consequently
they do not equally benefit from their neighbours’ contributions to a public-good. For in-
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stance, a positional privileged player in a network structure benefits more than others from
the contributions of his neighbours. Thus, he might not need to contribute to a threshold
public-goods game to maximize his payoff. However, if this player is fairness-concerned,
his utility suffers from the inequality between his own and his neighbours’ payoff. Thus,
there is a trade-off between giving up some of his own payoff by contributing more to the
public-good and suffering from the dis-utility caused by the inequality. Similar reason-
ing holds for players who are underprivileged by their positions. The model presented in
Chapter 2 helps us to better understand the importance of players’ fairness-concerns for his
behaviour in different positions. To test the theoretical predictions, Chapter 2 presents a
laboratory experiment on a local public-goods game, where subjects were placed in differ-
ent network positions. In addition, the data enables us to measure the impact of subjects’
strength of fairness-concerns on their behaviour in heterogeneous network positions.

Chapter 3 presents a model of behaviour where players have heterogeneous roles in
various interaction settings. Next to the dis-utilities caused by inequality of payoffs, the
model assumes that subjects benefit from the social-welfare resulting from their contri-
butions. This model enables us to scrutinize the effect of fairness-concerns on decisions
of advantaged and disadvantaged players within and between different interactional con-
texts. Further, we test the precision of the theoretical predictions of the model by employ-
ing some experimental data from cooperation and coordination games to understand how
fairness-concerns change the number of Nash equilibria in various interactional settings.

Chapter 4 looks at the individual’s behaviour from a more general perspective. It as-
sumes that culture as a set of collective norms affects social interactions. Therefore, labor-
atory experiments conducted in countries with different cultural dimensions should display
those differences in the behaviour of participating subjects. Particularly, these cultural
differences should be traceable in repeated games where following a specific equilibrium
strategy is highly belief-dependent.





Chapter 2

Fairness concerns in social context

2.1 Introduction

While a long-standing tradition in economics views humans as being exclusively self-
interested, experimental economics has repeatedly shown that people deviate from purely
self-interested behaviour in a fair and often reciprocal manner. In laboratory experiments
on bargaining and cooperation, a large percentage of individuals have been found to ex-
hibit other-regarding behaviour "that the self-interest hypothesis cannot rationalize in any
reasonable way."1 At the same time, there is ample experimental evidence (e.g., Smith,
1962; Davis and Holt, 1993; Plott, 1983) that "other-regarding motives only have a lim-
ited impact on behaviour and that the self-interest assumption provides a good description
for most people’s behaviour."2 The present study contributes to the understanding of these
seemingly inconsistent results by providing a systematic analysis of the underlying factors
that characterize the decision situation, by studying the effect of symmetry and transitivity
of influences that actors’ actions have on other actors’ payoffs (the degree of heterogeneity
of influence between and across players). These characteristics affect the relative "costs"
of other-regarding behaviour in a given situation, and thus help explain the contradictory
evidence.3

The vast majority of experiments in support of strong other-regarding preferences con-
sider decision situations in which the actions of all individuals affect the payoffs of all other
individuals (i.e., transitive decision situations), and mostly to the same extent (i.e., symmet-
ric situations). Examples are the early studies by, e.g., Güth et al. (1982), Forsythe et al.
(1994), Marwell and Ames (1980; 1981), Smith (1979; 1980), Isaac and Walker (1988b),

1See, e.g., the survey on "economics of fairness, reciprocity and altruism" by Fehr and Schmidt (2006,
p.615).

2Idem.
3It has been argued earlier, that the relative costs of achieving other-regarding goals are important for

whether other-regarding preferences are displayed at all. Fehr and Schmidt (2006) argue that "rational indi-
viduals will not express their other-regarding preferences in competitive markets because the market makes
the achievement of other-regarding goals impossible or infinitely costly".

9
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and Roth et al. (1991).4 Evidence against the importance of other-regarding preferences, on
the other hand, comes from experiments in which individuals affect other individuals’ prof-
its in a heterogeneous way, such as in multilateral bargaining (Roth et al., 1991), sequential
best-shot public-goods games (e.g. Harrison and Hirshleifer, 1989), or market games (Plott,
1982). These studies suggest that the symmetry and transitivity of the influence structure
moderates the role of other-regarding preferences for behaviour.

While situations in which the actions of all parties affect the well-being of all others are
predominantly studied in the lab, they might be considered the exception in the real world.
Usually an individual has various degrees of influence on only a limited number of oth-
ers. Moreover, the influence an actor has on another actor often depends on the number of
interaction partners of the other actor. To systematically understand the influence of char-
acteristics of the decision situation, we study public-goods provision in settings in which
the interaction structure varies in the degrees of transitivity and symmetry. We assume that
actions impose local (positive) externalities, such that in intransitive settings only a sub-
group of other actors benefit from an actor’s contributions to the public-good. Moreover,
we investigate asymmetric interaction settings, where some actors have more interaction
partners than others. Both would be examples of the case for information provision in so-
cial or professional networks, or research collaborations, but also for everyday situations
like neighbourhood beautification or snow removal.

In our experiments we found that subjects chose equal contributions only in completely
transitive and symmetric settings. In these settings our results confirm previous results:
contributions that lead to equitable outcomes are chosen with higher frequency than other
contributions, and in larger groups self-interested free-riding occurs more frequently than
in smaller groups. For intransitive and asymmetric settings, we find (the counter-intuitive
result) that inequitable outcomes are selected with higher frequency. Hence, if fairness-
concerns play a role, they apparently do not help to coordinate on those contribution levels
that lead to roughly equitable payoffs.

To explain these findings we theoretically extend the model of local public-good pro-
vision by Bramoullé and Kranton (2007), who derive equilibrium predictions for purely
self-interested individuals, by incorporating fairness-concerns as suggested by the most
prevalent fairness theories in the economic literature. We derive hypotheses from alterna-
tive versions of the model: the purely self-interested model, a model with strong fairness-
concerns, and a model with "marginal" fairness-concerns. To incorporate various ideas
of what determines an individual’s regard of what is fair in a given situation, we develop
two alternative specifications for the models with fairness-concerns. In a first specifica-
tion, we assume that fairness-concerns are context independent such that equality is the
distributive norm. In a second specification we assume that an individual’s perception of
fairness depends on the specific context, in the sense that the asymmetry of the context it-
self establishes a different distributive norm (e.g power, or need), which is then reflected in

4More recent experiments with homogeneous decision situations are Blanco et al. (2011) and Fisman et al.
(2007) on bilateral bargaining, Fehr and Falk (1999) on double auctions, and Andreoni and Miller (2002),
and Andreoni et al. (2003) on cooperation for public-goods provision.
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their preferences. Moreover, we allow for (some) individual heterogeneity with respect to
fairness-concerns, as the available experimental evidence suggests that there are also many
subjects who behave quite selfishly in various circumstances.

For the model with "marginal" fairness-concerned individuals, we assume that fairness-
concerns are present, but that individuals put relatively more weight on their own payoff.
As a consequence, their behaviour will display fairness-concerns if a deviation from the
payoff maximizing effort level for the achievement of other-regarding goals comes at a
relatively small cost.

In order to understand the relative importance of fairness-concerns vis-a-vis the mon-
etary costs of achieving other-regarding goals, we consider a public-good environment in
which the marginal material per-capita return from contributing to the public-good is not
constant.5 In linear symmetric variable contribution or linear symmetric threshold public-
goods environments, common fairness theories would predict corner solutions: either the
decrease in marginal monetary benefits is lower than the marginal benefit from more eq-
uitable outcomes, in which case the dis-utility from inequitable outcomes is minimized by
choosing perfectly equal contributions; or the decrease in marginal monetary benefits is
larger than the marginal benefit from more equitable outcomes, such that (zero) contribu-
tions are chosen to maximize monetary benefits.6 In our non-linear environment different
degrees of fairness-concerns should lead to different levels of contributions.

The purely self-interested model predicts multiple equilibria for all settings, some of
which lead to payoff distributions which Lorenz dominate others.7 The model with strong
fairness-concerns predicts equilibria with an equal payoff distribution, independently of
which distributive norm (context specific or not) is assumed to be relevant. The model
with marginal fairness-concerns also predicts unique equitable equilibria for symmetric
and transitive settings. Counter intuitively, with equality as the distributive norm it pre-
dicts unique, but the "least fair" (Lorenz dominated) equilibria for highly intransitive and
asymmetric settings. The same prediction is derived when power is assumed to be the
distributive norm, while need as distributive norm helps to select "more fair" (Lorenz dom-
inant) equilibria. For intermediate settings that are intransitive but symmetric, all models of
marginal fairness-concerns predict multiple equilibria, some of which are strongly Lorenz
dominated. Moreover, marginal fairness-concerns lead to only small but systematic devia-
tions from the selfish best response play.

Our experimental findings suggest that, though fairness-concerns seem to play a role,
the effect is translated into fair behaviour only in completely symmetric and transitive set-
tings, while in (even slightly) intransitive settings, fairness-concerns may have the opposite
effect, i.e. support more unfair behaviour and outcomes. The latter result also indicates
that from the various distributive norms we considered, we can exclude ’need’ as play-

5Isaac and Walker (1988b) noted that the marginal rate of substitution of the private for the public-good,
referred to as marginal per capita return, helps explaining positive contributions in public-good environments.

6The same linearity in the monetary costs of achieving other regarding goals is present in bargaining
settings like ultimatum games.

7Lorenz dominance is a measure to compare the skewness between different value distributions and mea-
sures the stochastic dominance of one Lorenz curve over another. See Iyengar et al. (2008).
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ing an important role. Overall, our experimental data seems to be best explained by the
model with marginal fairness-concerns. We conclude that by considering mainly transitive
and symmetric settings the effect of fairness-concerns on individual decision making in
experimental settings is potentially largely overrated.

Our study relates to the early inquiry to determine what individuals regard as fair in a
given situation (Binmore et al., 1989). Kahneman et al. (1991) introduced different dis-
tributive norms into the discussion, and in the past 20 years a substantive amount of re-
search has been devoted to the understanding of the nature of social preferences.8 Fehr
and Gächter (2002) present evidence on the effect of competition on the frequency of fair
outcomes in the Ultimatum Game. While we agree with the authors’ point that economists
fail to understand core questions in economics if they insist on the self-interest hypothesis,
we aim to further qualify their statement that the interaction between material incentives
and social preferences is likely to have important effects. Our findings point out that in
asymmetric and intransitive settings fairness-concerns are not very decisive for the (fair-
ness of the) outcome. This is in line with Fehr and Gächter’s (2002) results that indicate
that the importance of fairness-concerns (in their case reciprocity and inequity aversion) is
diminishing when introducing asymmetry and intransitivity.

The remainder of the paper is organized as follows: In the next section, we briefly
characterize the incentives and interaction structures on which we base and develop our
theory and which we implement in the experiment. In Section 2.3 we present our theoretical
predictions. In Section 2.4 we describe the experimental setup. Our results are presented
in Section 2.5. In Section 2.6 we discuss the robustness of our findings and in Section 2.7
we conclude.

2.2 The local public-goods game

To specify our theoretical predictions and experimental tests, we study a game intro-
duced by Bramoullé and Kranton (2007), where players jointly invest in the production of
a (local) public-good.9 The specific feature of this game is that the size of the public-good
received by a player does not depend on every player’s contribution but only on that of the
player’s neighbors in a predefined interaction structure. Specifically, a player’s payoff is
given by:

πi = bi− cei = b
(
ei + ∑

j∈Ni(g)
e j
)
− cei (2.1)

8See the excellent surveys by Rabin (1993), Charness and Rabin (2002), Levitt and List (2007) and Fehr
and Schmidt (1999).

9Following the convention in the game theoretical literature we refer to individuals as players in our
analysis of the local public-goods game and when we discuss theoretical predictions. When we refer to
the participants in our experiment, following the convention in the experimental literature, we use the term
"subjects".
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where ei denotes player i’s contribution to the public-good and Ni(g) denotes the set of
player i’s neighbors in an interaction structure g. Moreover, Bramoullé and Kranton (2007)
assume that the benefit function b(·) is increasing and concave in contribution levels, i.e.
db
de j

> 0, d2b
d2e j

< 0 for any j ∈Ni(g)∪ i. This implies that the marginal material per capita re-
turn is not constant, such as in typical public-goods games with linear production functions,
but depends on the total contributions in a player’s neighborhood. Also, the individual
marginal cost of effort is constant and equal to c and the payoff-maximizing contribution is
positive even for a single player, b′(0)− c > 0, which implies that there is some privately
optimal contribution level up to which a selfish player would invest.

These properties are desirable for our purposes because they allow us to evaluate the
intensity of an individual’s fairness-concerns on an interval scale. This is difficult in linear
contribution or threshold public-goods environments because any existing difference aver-
sion model would predict corner solutions: either the marginal monetary losses are lower
than the marginal benefits from a more equitable, moral, or efficient outcome, in which case
utility is maximized by choosing the most pro-social contribution, or the monetary losses
are larger so that a (zero) contribution is chosen out of monetary concerns. In a nonlinear
environment, however, positive (interior) contribution levels are optimal even for selfish
individuals, different degrees of other-regarding concerns are expected to lead to stronger
or weaker deviations from the selfish optimum.10

For illustration, and as a setup for our experimental evaluation, Figure 2.1 shows all
connected interaction structures with four players (plus the dyad). The structures can be
ranked in terms of two properties: their degree of transitivity and symmetry. The dyad
and the complete interaction structure, i.e., the two structures investigated in many prior 2-
player respectively 4-player public-goods games, including the circle, are fully symmetric.
All players have an equal number of neighbors. The star, on the other hand, is highly
asymmetric. The transitivity measures the number of complete triplets in a structure, i.e.,
the sets of three players such that if i and j as well as j and k are neighbors, then i should
also be in the neighborhood of k. The complete interaction structure is fully transitive. The
star and the circle, on the other hand, have zero transitivity.

An intriguing, feature of the Bramoullé and Kranton (2007) local public-goods game is
that certain interaction structures potentially produce considerable inequality in the players’
access to others’ contributions. For instance, in the star the center player has access to every
other player, while the peripheral players only interact with the center player. Furthermore,
the lack of transitivity in the circle might result in distinct levels of the public-good pro-
vided in different neighborhoods. But, the ultimate cause for any payoff inequality lies
in the players’ reluctance to contribute above (or to fall short of) their payoff maximizing
contribution level. The game therefore provides a rich test-bed for fairness-concerns. At

10Symmetric public-goods games with interior equilibria have been studied e.g. by Sefton and Steinberg
(1996), Laury and Holt (1998), Isaac and Walker (1998), Willinger and Ziegelmeyer (2001), and Laury et al.
(1999).
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Figure 2.1: Experimental interaction structures

the same time, it allows testing for "social-welfare" concerns as the contribution level max-
imizing the group payoff exceeds the individual optimum in every interaction structure.

In the following, we develop and test predictions for several prevalent theories of other-
regarding behaviour concerning the dyad, complete, star, and circle interaction structures.
We then experimentally evaluate these predictions and perform robustness checks on the
remaining three interaction structures (line, dbox, core-periphery).

2.3 Theoretical predictions

In the economics literature the common ground of most fairness theories is that other
players’ payoffs enter an individual’s utility function.11 We follow this tradition and as-
sume that the subjects in our experiment do not only take the payoff function (2.1) into
consideration but also the payoffs of others in their neighborhood (or even of all other
players in the same game).

Expanding on the hypothesis about distributional preferences being expressed by in-
equity or difference aversion, as exemplified by Loewenstein et al. (1989), Bolton and
Ockenfels (2000), and Fehr and Schmidt (1999), we let fairness-concerns enter a player’s
utility in the following form:

Ui = πi− ∑
j∈Ni(g)

αi[π j−πi]− ∑
j∈Ni(g)

βi[πi−π j] (2.2)

11The literature distinguishes two strands of theories: "outcome-based" and "intention-based" theories of
fairness-concerns. The "outcome-based" theories assume that players are only concerned about the distri-
butional consequences of their actions but not about the intentions driving their opponents to choose these
actions. The latter was suggested by Rabin (1993), who started from the observation that behaviour is often
a reaction to the (expected) intentions of other people. The theory predicts that individuals do not under-
take kind actions unless others have shown kind intentions. Given our one-shot interaction structure and the
difficulties in measuring beliefs, we confined our analysis to outcome-based models.
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Envy and guilt, the two faces of inequity aversion, are introduced in the following form:
envy is represented by the first subtrahend. Ni(g) denotes the set of player i’s neighbors who
earn more than her (π j−πi > 0) and αi reflects the player- and context-specific intensity
of envy. The sense of guilt is dependent on Ni(g), the number of neighbors who earn less
(π j−πi < 0), and βi, the guilt parameter.

Utility function (2.2) allows for a large degree of heterogeneity across players and po-
sitions in an interaction structure. Not only may different players experience varying in-
tensities of envy or guilt, but their perception of fairness may also be position-dependent
in the sense that the asymmetry of the structure itself establishes a distributive norm (e.g.,
power or need). This renders a comprehensive set of predictions difficult. In the first in-
stance, we therefore confine our predictions to players who differ in their fairness-concerns
only to a limited extent. In other words, put in the same position in an interaction structure
and confronted with the same neighborhood contributions, all players would respond in a
similar way. This is backed by theories regarding fairness-concerns as a norm shared by
all members of the same society (Binmore, 2005). We defer our discussion of substantial
player heterogeneity to Section 2.6.1.12

2.3.1 Pure selfishness

Bramoullé and Kranton (2007) were the first to study equilibrium play in the local
public-goods game. Their predictions concern a group of entirely selfish players. They
show that in order to maximize payoff function (2.1) an egoistic player responds to the
neighbors’ contributions by choosing ei such that:

1. ei = e∗−∑ j∈Ni(g) e j if and only if ∑ j∈Ni(g) e j ≤ e∗

2. ei = 0 if and only if ∑ j∈Ni(g) e j ≥ e∗

where e∗ is uniquely defined by b′(e∗)−c= 0. Hence, there exists a maximum contribution
level e∗ in every neighborhood of the game, and players aim to fill the gap between this
value and their neighbors’ contributions. If, however, the latter already exceeds e∗, then
players free-ride. We use e∗ as a benchmark for comparison throughout.

The best response behaviour specified above results in equilibrium profiles character-
ized in Bramoullé and Kranton (2007), which depend on the precise interaction structure.
The equilibria for the four interaction structures – dyad, complete, star, and circle – are
summarized in Table 2.1.

12We also make two other key assumptions as follows: according to utility function (2.2), a player com-
pares herself to every neighbor. Thus, her envy or guilt increases with neighborhood size. Note, however,
that our following predictions are perfectly compatible with parameters αi and βi, which shrink (or even
increase) with neighborhood size. Second, a player compares herself only to her direct neighbors and dis-
regards "social-welfare" concerns. In Section 2.6.3, we argue that the predictions are quite similar when
players compare themselves to everyone else in the game and that such a theory is equally well backed by
our experimental findings. Moreover, we will see that "social-welfare" does not play a major role in our
experiment.
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2.3.2 Pure fair play

At the other extreme, all players might be driven by pure fairness-concerns (with some
limited degree of variability). In terms of utility function (2.2), this can be represented
by large parameter values for αi and βi, rendering player’s concerns for own payoff con-
sequences negligible. A fair contribution profile must therefore equalize payoffs for all
players i and j in the game:

bi− cei = b j− ce j

For some of the interaction structures in our experiment, we can additionally exploit the
following result:

Proposition 1. Suppose players are driven by pure fairness-concerns. If N j(g) ⊂ Ni(g),
then e j ≤ ei, whereas if N j(g) = Ni(g), then e j = ei.

Proof. Suppose two players with N j(g) ⊂ Ni(g). Then bi = b(e1 + e2 + ...+ ep + ...+ eq)

and b j = b(e1 + e2 + ...+ ep). Clearly, bi > b j if for at least one player q, where q ∈
Ni(g)\N j(g), eq > 0. Hence, ei > e j should hold in order to have πi = π j. On the other hand,
if eq = 0 for all players q, then bi = b j and also ei = e j. Finally, suppose N j(g) = Ni(g).
Then bi = b j and ei = e j.

The prediction is relevant for the complete interaction structure and the dyad, where
every profile is fair as long as all players contribute the same amount. This also includes
some extreme profiles, e.g., where nobody contributes anything or where players invest
beyond the threshold value e∗. For the star the result dictates that the center player must
contribute strictly more than every peripheral player, as long as at least one of them makes
a positive contribution as well. However, fair play also allows the case where nobody
contributes anything.

The prediction is of lesser use in the circle, where it is clearly fair if all players con-
tribute the same amount. But, if the sequence of players is i− j−k− l, fair play also allows
the profile ei > e j = el > ek because this implies bi > b j = bl > bk such that payoffs are
equalized.

2.3.3 Marginal fairness-concerns

Another possible fairness norm is one, where all players care about payoff differentials
but only to a marginal extent. This means that αi and βi in utility function (2.2) are both
positive but small.

2.3.3.1 What is marginal?

Players with marginal fairness-concerns put most weight on their own payoffs. As a
consequence, their best response is often indistinguishable from selfish play. Specifically,
for total contributions significantly different from the payoff-maximizing level e∗, where
- due to the concavity of b(·) - the monetary consequences of an additional contribution are
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significant, a player will behave as if she was selfish. Only for contributions close to e∗,
where a marginal deviation is not costly, does player behaviour display fairness-concerns.
Expanding on the Bramoullé and Kranton (2007) best response function of a selfish player,
the following definition formalizes this:

Definition 1. For any g and profile e−i = {e1,e2, ...,ei−1,ei+1, ...,en} the optimal reaction
of player i satisfies:

1. ei = e∗i −∑ j∈Ni(g) e j if and only if ∑ j∈Ni(g) e j ≤ e∗i

2. ei = 0 if and only if ∑ j∈Ni(g) e j ≥ e∗i

where e∗i ∈
[

e∗−η , e∗+η

]
and η ,η > 0 but “small”.

Moreover, if πi ≥ (≤) π j for all j ∈ Ni(g) with at least one inequality being strict, then
e∗i > (<) e∗.

Just like a selfish player, a marginally fairness-concerned player invests up to (but no
more than) her personal maximum contribution level of e∗i . The difference is that this
value depends on her strength of inequity aversion as well as on neighbors’ contributions.
Depending on the combination of the two, e∗i may lie above e∗ or below. Nevertheless, the
personal maximum is close to the selfish benchmark.

Specifically, there are some upper and lower bounds on e∗i that are common to all play-
ers in the same game. The bounds are determined by the situations in the game that trigger
the most extreme response of fairness-concerns . At the one extreme, the player with the
strongest feeling of guilt is put in a position, where an additional contribution to the public-
good has the largest positive impact on her neighbors’ payoffs (relative to her own gains
or losses). This player defines e∗+η . At the other extreme, the most envious player is in
a position, where an incremental contribution reduction hurts her neighbors the most (on
top of her own cost savings) . That player defines e∗−η . Thus, the bounds are in fact not
defined by the most unfair situations in a game, in terms of payoff differences, but rather
by the situations in which a player’s incremental contribution has the the largest impact on
others.

More concretely, η is defined by the following two-step procedure: for a given structure
g and the largest guilt parameter β̄ = maxi∈N{βi} (which is still sufficiently small so that
utility function (2.2) inherits the functional properties of b(·), i.e. U(e= 0)> c and U ′′(·)<
0 in all its arguments on the differentiable domain of the function), choose e′i and e′−i =

{e1,e2, ...,ei−1,ei+1, ...,en} for all iεN such that:

e′ = (e′i , e′−i) = argmin
e

{
∑

j∈Ni(g)

[∂bi

∂ei
−

∂b j

∂ei

]}
(2.3)

under the constraints that πi(e′)> π j(e′) for all j ∈ Ni(g) and that the first-order condi-
tion of utility function (2.2) is satisfied for e′i +∑ j∈Ni(g) e′j , i.e.:
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∂Ui

∂ei

∣∣∣∣
e′
=

∂bi

∂ei
− c− β̄ ∑

j∈Ni(g)

[
∂bi

∂ei
− c−

∂b j

∂ei

]∣∣∣∣∣
e′

= 0.

Then, the upper bound is defined by the position in g with

η ≡max
i∈N

{
e′i + ∑

j∈Ni(g)
e′j

}
− e∗.

In the star structure of Figure 2.1, for example, the center player has the largest positive
impact on her neighbors’ payoffs, when e′c = 0 and e′1p

= e′2p
= e′3p

> 0 is such that e′p

minimizes
{

∂bc
∂ec
− ∂bp

∂ec

}
, while 3e′p satisfies the center’s first-order condition. Periphery

player 1, on the other hand, has the biggest impact, when e′2p
= e′3p

= 0, but for any e′c >
e′1p
≥ 0 that satisfies player 1’s first-order condition, because reducing e′2p

, e′3p
increases

∂bc
∂e1

, and if e′2p
= e′3p

= 0 then ∂b1
∂e1

= ∂bc
∂e1

. Hence, (2.3) becomes argmin{0}, and η is
therefore defined by putting the most guilty player in the star center position.

Similar, for a given g and the largest envy parameter ᾱ = maxi∈N{αi}, a conservative
lower bound η is given by:

e′′ = (e′′i , e′′−i) = argmax
e

{
∑

j∈Ni(g)

[∂b j

∂ei
− ∂bi

∂ei

]}
,

under the constraints that πi(e′′)< π j(e′′) for all j ∈ Ni(g) and that the first-order condition
of (2.2) is satisfied for e′′i +∑ j∈Ni(g) e′′j , i.e.:

∂Ui

∂ei

∣∣∣∣
e′′
=

∂bi

∂ei
− c− ᾱ ∑

j∈Ni(g)

[
∂b j

∂ei
− ∂bi

∂ei
+ c
]∣∣∣∣∣

e′′

= 0.

The lower bound is then determined by position iεN with

η ≡ e∗−min
iεN

{
e′′i + ∑

j∈Ni(g)
e′′j

}
.

A contribution reduction by the star center, for example, is most detrimental for her neigh-
bors, when e′c > e′p > 0 is such that it maximizes

{
∂bp
∂ec
− ∂bc

∂ec

}
, while e′c +3e′p satisfies the

center’s first-order condition. For periphery player 1, this is achieved, when e′2p
= e′3p

= 0,
but for any e′1p

> e′c ≥ 0 as long as player 1’s first-order condition is satisfied. Thus, η is
defined by the most envious player in the center position.

A player’s maximum deviation from selfish play, e∗i − e∗, comes from the interval
spanned by these bounds [−η ,+η ]. The maximum deviation can also be given a mone-
tary interpretation, as the payoff difference b(e∗i )−b(e∗)− c(e∗i − e∗) measures how much
a player is maximally willing to sacrifice in order to achieve a more fair outcome.
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2.3.3.2 Equilibrium predictions

Despite the incremental differences to the definition of a selfish best response, the fol-
lowing results show that marginal fairness-concerns lead to significantly refined, and occa-
sionally surprising, equilibrium predictions. In fact, in a local public-goods game, marginal
fairness selects among the set of equilibria when selfish play allows multiple equilibria for
a given interaction structure. We begin with our predictions for the interaction structures
underlying most prior public-goods experiments, namely the dyad and the complete in-
teraction structure. The following result shows that even marginal fairness-concerns are
sufficient to produce an extremely fair outcome:

Proposition 2. Consider a perfectly symmetric and fully transitive interaction structure
with N ≥ 2. Suppose αi,βi > 0 for all i ∈ N but with all values being small. An equilibrium
contribution profile satisfies ei = e j ∈

[e∗−η

N , e∗+η

N

]
for all i, j ∈ N.

Proof. Our first aim is to prove that in equilibrium it needs to hold that ei = e j for all
i, j ∈ N. We then proceed to show that the total contribution of all players must be close to
e∗.

To prove the first, note that for any two players, i and j, in the perfectly symmetric
and fully transitive interaction structure it holds that bi = b j. Hence, payoff differences are
solely due to differences in contributions. Now suppose a contribution profile exists where
two players, i and j, invest ei > e j ≥ 0. Let i be the player with the highest contribution in
the game and j the one with the lowest contribution. As player i is exploited by at least one
other player and there is no other player with a lower payoff, it follows from Definition 1
that e∗i < e∗. At the same time, for player j, e∗j > e∗. This, however, leads to a clash with
the equilibrium conditions because an equilibrium simultaneously requires:

ei + ∑
j∈Nk(g)

ek = ∑
k∈N

ek = e∗i < e∗ and e j + ∑
k∈N j(g)

ek = ∑
k∈N

ek ≥ e∗j > e∗

Thus, in equilibrium it must be that ei = e j for all i, j ∈ N.
It remains to be shown that the total contribution of all players is close to e∗. Obviously,

it cannot be that ei = e j = 0 for all i, j ∈ N, which follows from part (2) of Definition 1.
Moreover, it must be that e∗i = e∗j , which follows from part (1) together with the fact that

ei = e j. Hence, it must be ei =
e∗i
N ∈

[e∗−η

N , e∗+η

N

]
for all i ∈ N.

The intuition behind Proposition 2 is the following: in a perfectly symmetric and fully
transitive structure, all players have access to the same amount of the public-good. Payoff
differences are solely based on differences in contributions. When players are marginally
fairness-concerned, they will each choose a contribution level ensuring the total is close
to the payoff-maximum level of e∗. However, on this domain of the benefit function,
b(·), an incremental change in a player’s contribution is hardly payoff relevant to her.
Hence, the player feels the need to equalize payoff differences. Players who contribute less
than the other players will add a unit, while those over-investing will cut back. Fairness-
concerns are absent only when all players invest exactly the same amount. The result
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shows that equilibria can be maintained where players deviate from the selfish equilibrium,
e∗. The reason is that, given all other players contribute e∗i /N, any unilateral deviation
from ei = e∗i /N would be prevented by a focal player’s fairness-concerns. As long as the
material benefit from deviating is smaller than the relative cost of more inequality, she will
maintain the equilibrium level.

Some aspects of this result are worth pointing out. Since all players are predicted to
make exactly the same contributions, marginal fairness-concerns are sufficient to produce
an outcome that looks remarkably fair. In fact, the predictions differ from pure fair play
only in that total contributions are close to the benchmark value of selfish play, e∗. This
is noteworthy because the vast majority of experiments are conducted in the very same
setting of the complete interaction structure investigated here. However, the result suggests
that the symmetry of the setting itself makes it difficult to distinguish between significant or
merely marginal fairness-concerns because a fair outcome is prevalent even under marginal
fairness-concerns.

We continue with our predictions for the star:

Proposition 3. Consider a star with N > 2. Suppose αi,βi > 0 for all i ∈ N, but with
all values being small. In equilibrium it must be that ec = 0 for the center player ic and
ep ∈ [e∗−η , e∗) for all peripheral players jp.

Proof. We prove the claim by stepwise exclusion of out-of-equilibrium profiles. Clearly,
ei = e j = 0 for all players i, j ∈ N does not establish an equilibrium, which follows from
part (2) of Definition 1. In addition, it must be that e j > 0 for at least one peripheral player,
because suppose otherwise and e j = 0 for all j and ei > 0. Then, following from part
(1) of Definition 1, ei = e∗i , where clearly e∗i < e∗ because the center player feels envy as
she feels exploited by the peripheral players. However, at the same time, e∗j > e∗ for all
peripheral players. It follows that e∗c < e∗p, which is incompatible with part (2) of Definition
1 requiring that ei ≥ e∗j .

Thus, e j > 0 must hold for at least one peripheral player. We continue showing that this
implies ei = 0 in equilibrium. Suppose to the contrary that ei > 0. Two different cases may
arise:

1. There is only one j with e j > 0. In this case, by part (1) of Definition 1 the contri-
bution received by j satisfies e j + ei = e∗j , whereas by part (2) for any k with ek = 0,
it is ei ≥ e∗k . Hence, because the maximum contribution values of all players are
sufficiently close, we additionally obtain the following chain of inequalities:

η +η ≥ e∗j − e∗k = ei + e j− e∗k ≥ ei + e j− ei = e j

This, however, results in a contradiction to η +η being small because the contri-
bution received by the center player is no larger than η + η , which implies that
ei = e∗i − e j ≥ (e∗−η)− (η +η) = e∗−η − 2η . Hence, for η and η being small,
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we obtain πi < π j for all j 6= i and, in turn, e∗i = ei + e j < e∗. This results in a
contradiction to e∗j = ei + e j > e∗.

2. There is more than one j with e j > 0. Because the maximum contribution values
of all players are sufficiently close, it must hold that η +η ≥ e∗i − e∗j = ∑l 6=i, j el for
center player i and any peripheral player j with e j > 0 (and similar for any other
peripheral player k with ek > 0). This means that the total contribution received
by center player i is ∑ j 6=i e j ≤ ∑l 6=i, j el +∑m 6=i,k em ≤ 2(η +η). Hence, ei = e∗i −
∑ j 6=i e j ≥ (e∗−η)− 2(η +η) = e∗− 2η − 3η . Then, for sufficiently small η and
η , it is πi < π j for all j 6= i with e j > 0, and e∗i = ei +∑ j 6=i e j < e∗, which cannot be
aligned with e∗j = ei + e j > e∗, which needs to be true if πi < π j holds.

Hence, in equilibrium it must be that ei = 0 and therefore, by part (2) of Definition 1, also
e j > 0 for all peripheral players. In fact, the definition implies that e j ∈ [e∗−η , e∗).

Some aspects of this result are noteworthy: again, just as for the complete interaction
structure, marginal fairness-concerns allow for a sharp prediction about equilibrium play.
This equilibrium produces a highly unequal payoff distribution, which is reminiscent of
the familiar predictions for selfish behaviour in public-goods games: the star center-player
entirely free-rides on the peripheral players’ contributions. Note also that this equilibrium
is consistent with the findings from prior experimental studies that behaviour typically does
not show fairness-concerns when players influence each other in a heterogeneous way.

The intuition behind this can be found in Definition 1: suppose the center player makes
all the contributions and the peripheral players free-ride. The center player would not
contribute up to e∗ because she rightfully perceives the situation as unfair. Hence, from
the peripheral players’ perspectives, there are still some private gains to be made and,
combined with their own fairness-concerns, they contribute to the public-good themselves.
Hence, a center-sponsored public-good (which is actually an equilibrium under selfish
play) is unstable when players are marginally fairness-concerned. Building on this: sup-
pose a peripheral player at least makes a small contribution to the public-good;the center
player could then afford to cut back on her own contributions. This, in turn, implies
additional contribution incentives at the periphery. Continuing along this line, it follows
that the only equilibrium profile is one where the center player free-rides entirely.

We continue with the circle, which is another symmetric interaction structure, but –
unlike the complete interaction structure – the interactions on the circle have gaps (intran-
sitivities). Since it is difficult to make clear predictions for a circle of arbitrary size, we
confine ourselves to the case of four players, which is also the number of players in our
experiment.13

13Even though we were not able to develop an exhaustive characterization similar to Proposition 4 for
larger circles of N > 4, the two classes of equilibria characterized in the proposition are also equilibria in
those cases.
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Proposition 4. Consider a circle with N = 4. Suppose αi,βi > 0 for all i ∈ N, but with all
values being small. In equilibrium, either:

• ei ∈
[e∗

3 −
2η+3η

3 ; e∗
3 +

3η+2η

3

]
for all i ∈ N, or

• for any pair of neighbors i, j: ei ∈ [e∗−η , e∗) and e j = 0.

Proof. Let us fix the sequence of players in the following order: i− j−k− l. First, suppose
that ei > 0 for all i ∈ N. According to part (1) of Definition 1, it holds that el + ei + e j =

e∗i ∈ [e∗−η , e∗+η ]. Thus, a lower bound for player i’s contribution is:

el + ei + e j ≥ e∗−η (2.4)

for given e j and el , and similarly, for players j,k, l. Moreover, in a circle of four it follows
for players j and k that their maximum contribution values are sufficiently close. Hence:

e∗k− e∗j = e j + ek + el− (ei + e j + ek) = el− ei ≤ η +η (2.5)

and similarly for e∗j − e∗k and all other pairs i j, kl, and li. Hence, suppose ei is the smallest
contribution value. Then (2.4) and (2.5) combined result in the following lower bound:

ei ≥ e∗−η− e j− el ≥ e∗−η−2(ei +η +η) ⇔ 3ei ≥ e∗−2η−3η

This is equivalent to the lower bound stated in the proposition.
Similarly, to find an upper bound for the highest value ei it holds:

ei ≤ e∗+η− e j− el ≤ e∗+η−2(ei−η−η) ⇔ 3ei ≤ e∗+3η +2η

which is equivalent to the upper bound stated in the proposition.
Next, suppose that in equilibrium ei = 0 for at least one player in the circle i− j−k− l.

It follows that by part (2) of Definition 1 player i’s neighbors j and l must invest enough
such that e j + el ≥ e∗i . Moreover, it must be that e j > 0 and el > 0 in equilibrium because
suppose to the contrary that e j = 0 (or el = 0 or both are equal to zero). Then ek > 0 since
otherwise ei + e j + ek = 0. In fact, we would require simultaneously that ek ≥ e∗i ≥ e∗−η

and el ≥ e∗j ≥ e∗−η . This immediately leads to a contradiction to part (1) of Definition 1
because it implies for player k: e j + ek + el ≥ 2(e∗−η)> e∗k and the same for l.

Thus, if ei = 0 in equilibrium, e j > 0 and el > 0 must hold. But this also implies
ek = 0 because suppose to the contrary that ek > 0. As the maximum contribution values
are sufficiently close together, it holds that η +η ≥ e∗k − e∗j = el and similarly η +η ≥
e∗k−e∗l = e j . This implies, however, that the total contributions received by player i are no
larger than 2(η+η). Hence, for sufficiently small η and η it is e j+el < e∗i . A contradiction
to ei = 0 being played in equilibrium. Hence, ek = 0 must hold. Moreover, the upper and
lower bounds for e j,el follow from Definition 1.

The predictions for the circle are a mixture of those for the star and the complete inter-
action structure. On the one hand, a range of almost equal contributions can be supported
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in equilibrium, which also comprises the profile of identical contributions that we found
for the complete interaction structure. This seems natural given the symmetry of the circle.
On the other hand, a highly unequal contribution profile may emerge, which is reminiscent
of the star. This is surprising because it suggests that a mere intransitivity in the interaction
structure is sufficient for highly unequal outcomes in symmetric settings when people are
only marginally fairness-concerned.

The intuition is the following: unlike in a fully transitive structure, the players in a
circle do not interact with every other player. In particular, the players who maintain high
contributions in the unequal equilibrium do not interact with each other. Even though
they might feel exploited by their direct neighbors, they prefer to maintain a high level of
contributions for the sake of their own payoffs. The free-riders therefore receive a total
contribution far beyond their personal maximum level and, being only marginally fairness-
concerned, see no reason to bear the extra cost of a less unequal outcome.

2.3.4 Power- and need-based norms

We have so far developed predictions for equilibrium play under various intensities of
fairness-concerns but omitted considering the possibility that the distributive fairness norm
shared by the subjects in our experiment might also depend on the interaction structure
itself. In particular, subjects might share the view that those in a more central position
deserve a higher payoff because of their more powerful position. Under the most extreme
form of such a power-based norm, a player feels envy only if another player in a less
central position earns a higher payoff, and guilt only when a more central player earns less.
Alternatively, the very same position might become an obligation when under a need-based
norm the center player is expected to help those in inferior positions.

Here we consider such position-dependent distributive norms and assume that need and
power are derived from the most obvious features of the interaction structure: the player’s
degree centrality in an interaction structure. We expect for the star and a power-based norm
that the center player feels more envy and less guilt than the peripheral players, whereas
the opposite holds true for a need-based norm. In the complete interaction structure, the
dyad, and the circle, on the other hand, there is no degree asymmetry, and, hence, we do
not expect position-based norms to play a role there. The following formal results focus on
strong fairness-concerns where players try to avoid, in the first instance, feelings of envy or
guilt.14 Moreover, we assume that under a power-based norm the feeling of guilt is entirely
absent for the star center player, whereas peripheral players feel no envy. Likewise, we
assume that the center player does not feel envy and the peripheral player does not feel
guilt under a need-based norm. For players in the complete interaction structure or in the
circle, however, the pairwise comparisons work in the same way as in utility function (2.2).

14The theory of marginal fairness-concerns introduced above allows players to differ in their concerns to
some extent. Hence, the predictions of this theory also apply to positioned-based fairness-concerns as long
as they are small.
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Formally, we rewrite (2.2) under a power-based norm in the following way:15

Ui = πi− ∑
j∈Ni(g) ∩

|Ni(g)|>|N j(g)|

αiπ j− ∑
j∈Ni(g) ∩

|Ni(g)|≤|N j(g)|

βiπi (2.6)

where |Ni(g)| denotes the number of neighbors of player i and Ni(g) (Ni(g)) is the
subset of neighbors who earn weakly more (strictly less) than player i. Under a need-based
norm, we replace the set of neighbors in the first sum by j ∈ Ni(g) ∩

(
|Ni(g)| < |N j(g)|

)
and by j ∈ Ni(g) ∩

(
|Ni(g)| ≥ |N j(g)|

)
in the second sum, respectively.

Turning to the equilibrium predictions, they are obviously indistinguishable from those
of the pure fairness theory in case of the symmetric interaction structures: the dyad, the
complete interaction structure, and the circle. The following two results summarize our
predictions for the star:

Proposition 5. Consider a star with N > 2. Suppose a power-based norm and suppose
that αi and βi are both large. In equilibrium, it must be that ei = 0 for the center player i
and e j = e∗ for all peripheral players j.

Proof. Obviously, any contribution profile where πi ≤ π j for the center player i and at least
one peripheral player j, cannot establish an equilibrium because both i and j would want
to avoid their respective feelings of envy or guilt. Thus, πi > π j for center player i and all
peripheral players j. Player i’s and j’s first-order conditions of (2.6) can then be written as:

dUi

dei
=

dbi

dei
− c≤ 0

dU j

de j
=

db j

de j
− c≤ 0

In fact, these two lines are exactly the same conditions of the Bramoullé and Kranton (2007)
theory of purely selfish play. The authors show that, together with πi > π j, they can only
be satisfied simultaneously if ei = 0 and e j = e∗.

As expected, the power-based norm promotes a highly unequal payoff distribution. Our
prediction for a need-based norm is the following:

Proposition 6. Consider a star with N > 2. Suppose a need-based norm and that αi and
βi are both large. In equilibrium, it must be ei = e∗ for the center player i and e j = 0 for
all peripheral players j.

15We depart from the original model by an additional detail, namely that a player considers the entire
payoff of a richer but less central, or a poorer but more central, neighbor as a negative. In the original model,
a player considers only the difference to his or her own payoff as a negative. Both specifications reproduce the
same notion that fairness-concerned players aim to reduce payoff differences. The reason for this alternative
specification is a technical finesse as it avoids the problem of having a kink in the marginal utility function at
the point where two players earn exactly the same profit.
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The proof is analogous to the proof of Proposition 5. Obviously, the power-based norm
is able to explain the findings of prior experiments, namely that fairness-concerned be-
haviour was switched off as soon as subjects played cooperation or bargaining games on
heterogeneous interaction structures or under threat of (one-sided) competition (Roth et al.,
1991; Harrison and Hirshleifer, 1989; Plott, 1982). It remains to be seen how well this
norm explains experimental behaviour in our local public-goods games.

2.3.5 Summary of predictions

Table 2.1 summarizes the equilibrium predictions for the different theories and interac-
tion structures. Some remarks may be helpful on the Bramoullé and Kranton (2007) theory
of pure selfishness, which we have not fully described yet. According to this theory, any
combination of player contributions satisfying ∑i∈N ei = e∗ establishes an equilibrium on
the dyad and the complete interaction structure. In order to refine their predictions, the
authors have also looked at stable equilibria based on the Nash tâtonnement process (Fu-
denberg and Tirole, 1991). However, the concept is not applicable to these two interaction
structures since no equilibria are stable at the same time. Hence, we use the predictions
for these two interaction structures to discriminate between purely selfish and marginal
fairness-concerned behaviour because, according to the latter, players coordinate on one
particular equilibrium of the many selfish equilibria. In the star and circle, on the other
hand, stability selects one of two possible selfish equilibria, which are marked with an ex-
clamation mark (!) in Table 2.1. The stable equilibrium in the star is the same as that
selected by marginal fairness theory.

Comparing the predictions for pure and marginal fairness-concerns, note that the for-
mer theory requires the star center player to invest more than any peripheral player as a
compensation for their inferior positions. Thus, unlike in the complete interaction structure
and the dyad, the intensity of fairness-concerns plays a crucial role for the predicted contri-
butions in the star. In this sense, the star provides the ultimate test bed for whether players
are "truly" or just marginally fairness-concerned.

2.4 Experimental setup and procedure

We ran a computerized experiment, programmed in z-tree 3.0 (Fischbacher, 2007) and
administered in the Experimental Laboratory for Sociology and Economics (ELSE) at
Utrecht University in The Netherlands. Using the ORSEE recruitment system (Greiner,
2004), we invited more than 1000 students across all disciplines to participate in the ex-
periment. In total, we conducted eight experimental sessions of approximately one and a
half hours each. A total of 120 subjects participated (15 students per session on average).16

In each session we administered the seven interaction structures (henceforth treatments) as
16As the structures needed groups of four, we ran sessions with either 12, 16, or 20 students. The average

age of the participants was 22 years; 67 percent were female and 72 percent had Dutch nationality.
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Structure/ Pure Pure Marginal Power Need
Theory fairness selfishness fairness norm norm

Dyad e1 = e2 ≥ 0 e1,e2 ≥ 0 e1 = e2 ≈ e∗
2 see pure see pure

fairness fairness
s.t. e1 + e2 = e∗

Complete ei = e j ≥ 0 ei ≥ 0 ei = e j ≈ e∗
N see pure see pure

fairness fairness
∀i, j ∈ N s.t. ∑i∈N ei = e∗ ∀i, j ∈ N

Star ec ≥ ep 1) ec = 0, (!) ec = 0, ec = 0, ec = e∗,
ep = e∗ ep / e∗ ep = e∗ ep = 0

s.t. πc = πp 2) ec = e∗,
ep = 0

Circle 1) ei = e j ≥ 0 1) ei = e j =
e∗
3 1) ei ≈ e∗

3 see pure see pure
∀i, j ∈ N fairness fairness
2) ei > e j = el > ek 2) ei = 0, 2) ei = 0,
s.t. πi = π j ∀i, j ∈ N ei+1 = e∗ (!) ei+1 / e∗

Table 2.1: Equilibria for different theories and interaction structures

shown in Figure 2.1. The order of the treatments was balanced across the sessions. The
instructions, as shown in the Appendix, were handed out before the start of the experiment.

Within each treatment, subjects played the local public-goods game on a given inter-
action structure in 5 repetitions (rounds). Each treatment consisted of one trial round and
four payment-relevant rounds (altogether 35 rounds of which 28 were relevant for subjects’
earnings). At the beginning of each round, subjects were randomly allocated to a group to-
gether with either one (in the dyad) or three other subjects (in all other structures). Thus,
every subject played 35 rounds in 35 different groups.17 This resulted in 3,360 contribution
decisions that were payoff relevant (120 subjects times seven treatments times four rounds).
For the four structures in Table 2.1 we obtained 1,920 contribution observations (120 sub-
jects times four treatments times four rounds). For each unique position in a structure (e.g.,
the star center player) there are 120 observations (120 subjects divided by four players in a
group times four rounds).

Each round had the same structure and lasted between 30 and 90 seconds, each ending
at an unknown and random moment during this time interval. Starting from a situation
with no contributions, subjects indicated simultaneously on their computer terminals how
much they wished to invest. Full information about the contributions of all other subjects
was continuously provided. Furthermore, resulting payoffs of all participants could con-
tinuously be observed on the screen and were easily identifiable by the size of the bubble
around their own and other subjects’ decision nodes.18 At the end of each round, subjects

17We ensured that no group was randomly drawn twice.
18See the screenshot in the instructions in the Appendix.
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were informed about the number of points earned, based on their own and their neighbors’
contributions. In other words, final earnings depended solely on the situation at the end of
a round.

Experience with previous experiments on behaviour in complex interaction structures
suggests individuals find it difficult to coordinate their behaviour (see, e.g., Rosenkranz
and Weitzel, 2012; Goeree et al., 2009; Falk et al., 2012). Subjects appear to need time to
understand the game and coordinate their actions. One way to facilitate coordination is to
simplify subjects’ decisions to dichotomous choices (e.g., invest vs. do not invest). Given
our focus on inner solutions to, and marginal deviations from, an optimal contribution
decision, this is not feasible in our case. We therefore facilitate coordination by giving
subjects ample time to coordinate, first, by starting each treatment with a pure trial round
(not payoff relevant) of 90 seconds. Second, we commence each subsequent round in a
treatment with a coordination period of 30 seconds, where actions do not have any payoff
implications. After this coordination period, the round was randomly stopped within one
minute to determine the payoff relevant contribution profile. This experimental design
emulates a sequence of simultaneous move games with a stochastic end stage, where only
the last stage behaviour is payoff relevant. In such a game, any equilibrium of the stage
game can be implemented in the stage game of our experiment. Actions in the payoff
irrelevant coordination period can be interpreted as cheap talk, which, as equilibria in our
game are not Pareto ranked, should neither select any equilibrium nor lead to any new
equilibria.

The payoffs at the end of a round were determined in line with equation (2.1) as follows:

πi = (ei + ∑
j∈Ni(g)

e j)(29− (ei + ∑
j∈Ni(g)

e j))−5ei. (2.7)

The maximum contribution level e∗ is a joint contribution of 12 points, which subjects
had to find out themselves. All points earned were converted into euros at an exchange rate
of 400:1. On average, subjects earned 11.82 euros.

2.5 Results

2.5.1 Data and measures

To test our equilibrium predictions of Table 2.1, we focus on the smallest homogeneous
unit: unique node positions in each of the four interaction structures. In symmetric struc-
tures, all node positions are the same, but in the star, for example, there are two different
node positions: the center and the periphery.

We study the recorded data along three dimensions. First, we compute the frequencies
of specific contribution levels. For each node position, the x-axis in Figure 2.2 shows the
amount a subject could have invested at the end of a round and the y-axis shows how often
this contribution level was chosen (as a percentage of all decisions in that node position).
Note that contributions were only possible in integers. Therefore, each bar in Figure 2.2
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represents exactly one possible contribution level. Besides, note that the star center has only
120 observations (as explained in Section 2.4), while the star periphery has three times as
many nodes and thus 360 observations.

Figure 2.2: Individual contributions

Second, we compare subjects’ contribution decisions to the best response behaviour of
purely selfish players. Fairness-concerns can lead to deviations from this behaviour, which
we compute as follows:

Di(BRi) =

{
ei if ∑ j∈Ni(g) e j ≥ 12
(∑ j∈Ni(g) e j + ei)−12 if ∑ j∈Ni(g) e j < 12

As e∗ = 12, any ei > 0 is a positive deviation from best response if the neighborhood
jointly invests more than 12. With a neighborhood jointly investing less than 12, any ei that
fills the gap to 12 too much (too little) is a positive (negative) deviation from best response.
Figure 2.3 reports the frequency distributions of best response deviations per node position.
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Figure 2.3: Deviation from best response

Third, for every node we compute the difference to the contribution of each of its
neighbors. This measure is useful to compare observed decisions with behaviour under
pure fairness. Given the predictions for the model with pure fairness-concerns, the de-
viation from the contribution of neighbors should be zero for the dyad and the complete
interaction structure. Specifically, we compute:

Di(e j) = ei− e j ∀ j ∈ Ni(g)

Figure 2.4 shows the distribution of Di(e j) per node position. Note that the number of
observations is now multiplied by the number of neighbors per position. For each of the
120 decisions at the star center, for example, we have three differences in contributions, one
for each of the three neighbors (360 observations). In the complete interaction structure,
this applies to all four nodes (360×4 = 1440 observations in total).
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Figure 2.4: Deviation from contribution of neighbors by type of node position

As Figures 2.2, 2.3, and 2.4 (and the underlying data in Tables A.1, A.2 and A.3, in
the Appendix) show, contribution behaviour is remarkably organized and well explained
by our static theory predictions despite the dynamics of the game and the coordination
problems that subjects might have run into. Specifically, behaviour strongly depends on the
characteristics of the node position. In general, the equitable outcomes seem to be typical
for the complete interaction structure and the dyad. Additionally, for the star, subjects
in the center position clearly invest less while those in the periphery invest more. This
dependency can also be observed in the other three interaction structures we administered
in the experiment (see Appendix). In the following, we investigate these observations in
more detail and confront them with the predictions from the theories derived in Section 2.3.

2.5.2 Evidence for pure selfishness

For the two symmetric structures, the dyad and the complete interaction structure, the
theory of purely selfish play predicts multiple equilibria, none of which is stable. Hence,
any distribution of individual contributions would be conceivable. For the circle and the
star, one stable equilibrium profile is predicted: in the circle, every second subject free-
rides while the others choose e∗ = 12. In the star all peripheral players invest e∗ = 12
while the center player free-rides. Moreover, all contributions in all interaction structures
should be best responses to each other. Furthermore, we expect 100% of the star center
players to deviate by −12 from their neighbors, whereas for the circle we expect a two-
point distribution where half of the players deviates by −12 from their neighbors while,
accordingly, the other half deviates by +12.
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The predictions of selfish play are most strongly supported in the star. We find only
mixed evidence for the dyad, the complete interaction structure, and the circle structure.
Figure 2.3 and Table A.2 show that subjects in most interaction structures either best re-
spond to their neighbors or deviate by only a single unit (58.13% in the dyad, 53.75% in
the circle, 79.17% in the star center, and 67.5% in the star periphery). The weakest re-
sults along this dimension are obtained for the complete interaction structure, where only
47.71% are close to their best response. As predicted by selfishness theory and illustrated
in Figure 2.2 and Table A.1, subjects indeed coordinate on the periphery-sponsored star:
62.50% of the star center players invest exactly 0 units and another 15.0% invest 1 unit.
At the same time, in the star periphery 39.72% of our subjects invest 12 units and another
13.6% invest 11 units.

Although our findings for the dyad and the complete interaction structure are largely
also consistent with the predictions of selfish play, the most striking observation is that
subjects seem to coordinate on one of the many possible equilibria, namely the one induc-
ing an equal payoff distribution: Figure 2.2 and Table A.1 show that in the dyad 42.5%
invest exactly e∗

2 = 6 units while another 28.75% invest either 5 or 7 units (i.e., 14.58% and
14.17%, respectively). Thus, 71.25% of subjects choose either equal or nearly equal con-
tributions. In the complete interaction structure, these shares are clearly lower. However,
a considerable 26.67% of our subjects invest e∗

4 = 3 units, and 33.96% invest either 4 or
2 units (i.e., 22.5% and 11.46%, respectively). An explanation of these focal equilibria is
outside the scope of the selfishness theory but can be found in the fairness literature.

Our results for the circle do not provide much support for selfish play: Table A.1 shows
that only 19.17% and 6.88% of our subjects play either 0 and 12, respectively, or deviate by
no more than a single unit from these values. Instead, a substantial share of subjects choose
contribution levels between 3 and 5 units, namely 37.92%, indicating that some groups
coordinate on an equal payoff distribution. This is also supported by the three-mode distri-
bution we find for the circle in Figure 2.4 (Table A.3). Overall, therefore, selfishness theory
performs well for the star but proves problematic in predicting behaviour in symmetric in-
teraction structures.

2.5.3 Evidence for pure fairness

According to pure fairness theory, contribution profiles should be characterized by ei =

e j ≥ 0 in the dyad, the complete interaction structure, and the circle, whereby in the latter
a fair outcome can also be achieved when ei > e j = el > ek. In the star we should observe
ec ≥ ep. This implies that we expect Di(e j) = 0 for the dyad and the complete interaction
structure while Dc(ep) > 0 and Dp(ec) < 0 in the star. In the circle we either expect that
all contributions are equal or that the deviation from neighboring contributions follows a
bimodal distribution, with one mode being at point x, where xε(0,12), and the other mode
at −x.

In the complete interaction structure, as seen in Figure 2.4 and Table A.3, a significant
share of players do not deviate from their neighbors by more than one unit (51.11%). In
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the dyad it is an even more substantial share (70.83%). In the circle, 14.58% of the con-
tributions are identical to a neighboring contribution and 31.04% deviate at most by one
unit. Other subjects coordinated on highly unequal contribution levels in the circle: Fig-
ure 2.4 shows that 13.54% of the decisions deviate by either +12 or -12 units from their
neighbors. However, such large deviations cannot be explained by pure fairness-concerns
but rather reflect extremely unfair, specialized equilibria. The clearest evidence against
fairness theory comes, however, from the star: in 94.7% of all cases, we find Dc(ep) ≤ 0
and Dp(ec)≥ 0. Hence, our findings provide support for pure fairness theory only in fully
symmetric and transitive structures (dyad and complete). But even there, pure fairness the-
ory cannot explain why subjects are apparently unwilling to sacrifice a great deal for a fair
payoff distribution. As Figure 2.3 shows, most rounds end with a total contribution of close
to 12, although any other profile with equal contributions would be equally fair but yield
lower monetary payoffs.

2.5.4 Evidence for marginal fairness-concerns

Marginal fairness theory predicts that individual contributions in the dyad and the com-
plete interaction structure are close, but not necessarily identical, to ei = e j ≈ e∗

N . In the
circle, contribution profiles are predicted to be either ei ≈ e∗

3 for all players or ei = 0 and
ei+1 / e∗, and for the star the theory predicts ec = 0 and ep / e∗.

To define the admissible downward deviations in the star periphery and the circle more
concretely, we numerically simulated the maximum range of deviations from the selfish
maximum contribution level, [e∗−η , e∗+η ], which still supports the equilibrium charac-
terizations of Propositions 2-4. For this purpose, we started from payoff function (2.7) with
e∗ = 12, fixed the values for η and η to 1, and checked every possible contribution profile
for whether it satisfies the best response criteria according to Definition 1 for all players.
We then gradually increased the values for η and η until at least one of the statements in
Propositions 2-4 failed to be true. Our simulations showed that the binding conditions are
those of Proposition 3 on the unique equilibrium in the star. However, as long as the play-
ers’ individual maximum contribution levels lie in the symmetric interval [12−2,12+2],
the unique equilibrium is still the periphery-sponsored public-good.19 These margins trans-
late into admissible contribution levels, deviations from best responses, and deviations from
neighboring contributions, as shown in Table 2.2.

For the distributed equilibria in the dyad, the complete interaction structure, and the
circle, the interval [12−2,12+2] implies that every player’s contribution is predicted to lie
between [5 , 7] in the dyad, [2.5 , 3.5] in the complete interaction structure, and [0.66 , 7.33]
in the circle.20 Figure 2.2 (Table A.1) shows that the most frequently chosen contributions

19There are alternative asymmetric, integer-valued intervals sufficient to support the unique equilibrium in
the star: [12−2,12+1] and[12−1,12+3]. In the following, we focus on the symmetric interval.

20The interval of individual contributions for the circle is obtained by substituting η = η = 2 into the first
bullet point of Proposition 4.
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Node type
ei Di(BRi) Di(e j)

Min Max Min Max Min Max
Dyad 5 7 -2 +2 0 0
Complete 2.5 3.5 -2 +2 0 0
Star periphery 10 12 -2 0 10 12
Star center 0 0 0 0 -12 -10
Circle, specialized i 10 12 -2 0 10 12
Circle, specialized i+1 0 0 0 0 -12 -10
Circle, distributed 0.66 7.33 -2 +2 -6.66 +6.66

Table 2.2: Intervals for individual contributions, deviation from best response, and devia-
tion from contribution of neighbors

are 6 for the dyad, 3 for the complete interaction structure, and 4 for the circle. This com-
bination is only predicted by marginal fairness theory. In addition, contributions within
the marginal fairness intervals reflect the behaviour of the majority of subjects in our ex-
periment: 71.25% of the decisions in the dyad (5-7 units) and 60.63% in the complete
interaction structure (2-4 units).21 As already mentioned in our discussion of selfishness
theory, subjects indeed coordinate on a periphery-sponsored star. However, marginal fair-
ness theory is additionally able to explain the peripheral players’ downward deviation from
e∗ = 12 (see Fig. 2.2): 67.22% of their contributions fall into the interval [10 , 12]. More-
over, our experimental findings for the circle can be much more easily reconciled with
marginal fairness-concerns as the theory allows for the two types of observed equilibria.
In fact, 31.05% of the contributions in Figure 2.2 can be reconciled with the equilibrium
ei = 0 and ei+1 ∈ [10 , 12), while another 65.40% are in line with the distributed equilibrium
ei ∈ [0.66 , 7.33].

The evidence produced in Figure 2.3 is also supportive: 91.67% of all decisions in the
dyad, 73.75% in the complete interaction structure, 71.03% in the circle, 73.61% in the star
periphery, and 62.5% of all decisions fall into the intervals defined in the Di(BRi) column
of Table 2.2.

Finally, marginal fairness theory receives additional support from Figure 2.4: as pre-
dicted for the star, −12 ≤ Dc(ep) ≤ −10 and +12 ≥ Dp(ec) ≥ +10 holds in 60.28% of
all cases. For the circle, 87.72% of the decisions satisfy either 10 ≤ |Di(e j)| ≤ 12 or
−6.66 ≤ Di(e j) ≤ +6.66. Also in the dyad (70.83%) and the complete interaction struc-
ture (51.11%) the majority of subjects do not deviate by more than one unit from their
neighbors.

Overall marginal fairness theory predicts a large proportion of observed behaviour,
which is owing to the fact that it combines (a) the predictive power of fairness theories
for symmetric and transitive structures (without having to ignore the fact that subjects pre-
fer total contributions of close to 12), with (b) the predictive power of selfishness theory

21We rounded the interval boundaries in Table 2.2 to our advantage.
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for asymmetric structures, and (c) the coexistence of two possible equilibria in symmetric
but intransitive structures.

2.5.5 Evidence for power- and need-based fairness norms

The theory of power-based norms claims that players in more central positions de-
serve higher payoffs because a higher reward is intrinsically related to their powerful po-
sition. For all but the star, this theory predicts the same outcomes as the theory of pure
fairness-concerns. For the star the prediction is identical to selfishness theory: a periphery-
sponsored local public-good (see evidence above). Nevertheless, for the dyad and the com-
plete interaction structure, the theory fails to explain why subjects tend to coordinate on
a total contribution close to 12 and systematically deviate downward from e∗ = 12 in the
star periphery position. Moreover, the theory cannot explain why, in the circle where all
players are ex ante in the same position, a specialized equilibrium is sometimes played (see
our discussion of the selfishness and marginal fairness theories in Sections 2.5.2 and 2.5.4).

Finally, the theory of need-based norms, according to which a player in a superior
position (higher degree) is expected to help those in inferior positions (lower degree),
predicts the same outcomes as the theory of pure fairness-concerns. The exception is the
star, where it predicts Dc(ep)> 0 and Dp(ec)< 0. The evidence presented above, showing
that the star center players (a) never contribute more than 5 units in 95.83% of all their
decisions (see Fig. 2.2 and Table A.1) and (b) contribute less than the star periphery players
in 92.5% of all their decisions (see Fig. 2.4 and Table A.3), clearly rules out this theory.

Overall, we find that the theory of marginal fairness-concerns is closer to our experi-
mental findings than any of the other theories put to the test. Even though each of the other
theories (pure selfishness, pure fairness, power- and need-based norms) is able to explain
some of our findings, they each fail at least for one of the four interaction structures in our
experiment.

2.6 Robustness

In our theoretical analysis presented in Section 2.3, we made a number of simplifica-
tions: we assumed players to be moderately heterogeneous, we omitted the analysis of three
of the interaction structures administered in the experiment, and we limited the analysis to
a utility function that represents "difference aversion," thereby neglecting other prominent
models of social preferences. We did this to limit the analysis and confine it to the most
important insights. In this section we address each of these simplifications in the light of
our experimental results.
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2.6.1 Experimental evidence on player heterogeneity

If players were highly heterogeneous with respect to the strength of their fairness-
concerns or to their fairness norms, then our theoretical predictions, specifically regarding
our preferred theory of marginal fairness-concerns, would not apply. Instead, an appropri-
ate theory would need to allow for various combinations of more or less extreme fairness-
concerned players, i.e., combinations of values for αi and βi that may be outside the interval
defined in Definition 1. Is such an enriched theory necessary to interpret the data?

To assess subjects’ heterogeneity, we looked at their deviations from best response play
across our entire set of experiments. As best-response behaviour corresponds to selfish
play, difference-aversion theory suggests to interpret any deviation as an expression of the
importance of other-regarding preferences. Table 2.3 presents average deviations from best
response play (in percentiles) per subject and interaction structure. In all four interaction
structures, at least 90% of all subjects invest less than what is required by best response
with a minimum of −3.375 and a maximum of 0.708. Thus, as expected from marginal
fairness theory, subjects systematically deviate from best response play and typically with
a downward deviation. This is in line with observations from previous literature that people
feel envy more than they feel guilt (Fehr and Schmidt, 1999).

Percentiles Dyad Star Circle Complete
1% -3.250 -3.125 -3.375 -3.250
5% -2.729 -2.583 -2.625 -2.500
10% -2.292 -2.000 -2.021 -1.917
25% -1.458 -1.500 -1.396 -1.417
50% -1.063 -1.083 -0.896 -0.917
75% -0.625 -0.688 -0.625 -0.458
90% -0.188 -0.063 -0.146 -0.083
95% 0.083 0.271 0.313 0.313
99% 0.417 0.542 0.708 0.708

Obs 120 120 120 120
Mean -1.142 -1.113 -1.023 -0.999

Std. Dev. 0.804 0.788 0.833 0.807

Table 2.3: Average deviations from best response per subject

Furthermore, it is informative to compare the numbers in Table 2.3 with the intervals for
deviation from best response play in Table 2.2, which support the equilibria of Propositions
2-4. Our calculations for the star periphery show that any deviation from e∗ = 12 within
the interval [−2 , 0] can still be classified as evident for marginal fairness-concerns. Table
2.3 shows that this applies to at least 80% of all subjects playing the star. Similarly in
the circle, approximately 80% of the subjects did not deviate outside the interval [−2 , 0],
which is sufficient to support an unequal-contribution equilibrium. Finally, more than 80%
and 90% of the subjects in the dyad and the complete interaction structure, respectively,
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did not systematically deviate outside the interval [−2 ,+2]. Hence, it is fair to say that
about 80% of the subjects in our experiment can be classified as being only marginally
fairness-concerned.

2.6.2 Experimental evidence on other network structures

As a second test of our theories, we extend our analysis to the remaining three interac-
tion structures we administered in our experiment. We restrict this test to the two theories
with the best predictive power, marginal fairness and the power-based norm. The experi-
mental findings for the core, the dbox, and the line structure are presented in the Appendix.

For the core interaction structure the power-based norm predicts a range of equilibria,
in each of which the core center player might make a positive contribution as long as she
earns the highest payoff, while the peripheral player invests ep = e∗− ec = 12− ec. The
two core players not connected to the peripheral player (core duo) do not contribute as long
as they invest the same amount. In the dbox a contribution profile constitutes a power-norm
equilibrium if the two connected players make identical contributions, while the players on
the edges each contribute ep = 12− 2ec such that the connected players earn more. The
same holds for any equilibrium on the line structure.

Marginal fairness-concerns will express themselves in equilibria in the core and the d-
box, which are subsets of the sets of power-norm equilibria. These subsets can be most
clearly identified in the data, which is evident from Figures A.1 to A.3 in the Appendix:
subjects in the core center position contribute nothing, the peripheral subjects contribute
approximately 12, and the core duo shares a total contribution of approximately 12. In
the d-box the connected players contribute nothing, while the players on the edges make
positive contributions, often close to 12. For the line interaction structure, marginal fairness
theory predicts potentially unequal contribution levels of the players in the middle, each
being strictly smaller than 6, whereas the end players fill the gaps between their neighbors’
contributions and approximately 12. Hence, the set of equilibria does not fully coincide
with the set of power-norm equilibria. Figures A.1 to A.3 in the Appendix show that the
predictions of both theories are for the most part reflected in our data on the line interaction
structure. However, the peak at zero deviation from best response for the subjects in the
line middle position as well as the lack of a peak at zero deviation from the neighbors’
contributions provides more support for marginal fairness theory.

2.6.3 Alternative specifications of utility

In our specification of utility function (2.2), we assume that players compare them-
selves only with their direct neighbors. Would our predictions for the dyad, the complete
interaction structure, the star, and the circle change, if players compared their payoffs with
all other players’ payoffs in the same game, as, e.g., suggested by Bolton and Ocken-
fels (2000)? The answer is "no". In particular, the predictions for marginally fairness-
concerned players, summarized in Propositions 2-4, remain unaffected. This is obvious
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for the complete interaction structure and the dyad as a global comparison is equivalent
to a neighborhood comparison. For the star and the circle, the situation is more compli-
cated. However, a global payoff comparison can be easily implemented in the definition of
marginally fairness-concerned best response play (Definition 1). Player i has an unambigu-
ously larger (smaller) maximum contribution level than the selfish benchmark level only if
he or she obtains a higher (lower) payoff than any other player in the game:

i f πi ≥ (≤) π j for all j ∈ N\{i},
with at least one inequality being strict, then e∗i > (<) e∗.

Working with this adjusted definition has no implications for the proof of Proposition
4 on the circle. The proof of Proposition 3 on the star needs to be adjusted in two respects:
in the last line of point one, it does not necessarily follow that e∗j > e∗ because player j
might attain a higher payoff than another peripheral player k. However, there is necessarily
a peripheral player l who earns slightly more than anybody else, including the star center.
This implies that e∗l > e∗, which leads to a contradiction to e∗i < e∗. A similar argument
can be made for the last line of point two.

Next to the "difference aversion models" studied in Section 2.3, so-called "social-
welfare models" assume that "people like to increase social surplus, caring especially about
helping those (themselves or others) with low payoffs" (Charness and Rabin, 2002, p.818).
These models incorporate concerns for efficiency, where an individual player’s utility is a
convex combination of own well-being and social-welfare (Charness and Rabin, 2002):

Ui = γπi +(1− γ)

[
δmink∈Ni(g)∪iπk +(1−δ ) ∑

j∈Ni(g)
π j

]
.

It is obvious that strong efficiency concerns would raise a player’s personal maximum
contribution level, as she internalizes the social gains of an additional contribution in the
neighborhood. Hence, we would expect to see a tendency toward a positive deviation from
selfish best response play in the data, which is clearly refuted in Figure 2.3 (and Fig. A.2
for the other three structures).

2.7 Conclusions

The interpretation of evidence from previous experiments has been that "a substantial
percentage of the people are strongly motivated by other-regarding preferences" (Fehr and
Schmidt, 2006, p. 615), leading to the conclusion that concerns for the well-being of others,
triggered by fairness or reciprocity, cannot be ignored in social and economic interactions.
Fehr and Schmidt (2006) conclude that "the real question is no longer whether many peo-
ple have other-regarding preferences, but under which conditions these preferences have
important economic and social effects." Our aim has been to contribute to answering this
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question and, in particular, to develop a parsimonious utility theory of marginal fairness
able to explain decision making in various laboratory settings. The paper also discusses
findings from an experimental evaluation of this theory.

By imposing an interaction structure to a local public-good decision situation and sys-
tematically varying this structure along two dimensions, symmetry and transitivity, we have
been able to model various degrees of influence between individuals. In line with previous
experimental studies, we find that outcomes are rather equitable in the extreme case of ho-
mogeneous influence between all individuals. A typical example for this decision situation
is the complete interaction structure as, e.g., in the classic public-goods game with homo-
geneous players (e.g., as studied in Isaac and Walker, 1988a). For the intermediate case
with symmetric influence across individuals - but where an individual’s actions do not in-
fluence all others (intransitivity) - we find equitable as well as rather inequitable outcomes.
Such structures refer, e.g., to symmetric buyer-seller negotiations among homogeneous in-
dividuals. At the other extreme, where some individuals’ actions affect many others, while
other individuals’ actions only affect a few, we find that rather inequitable outcomes are
observed with higher frequency. This is in line with previous experimental evidence us-
ing asymmetric and intransitive settings such as, e.g., in multilateral bargaining and other
star-like structures (e.g. Schotter et al., 1996; Roth et al., 1991; Fehr and Gächter, 2002).

We tested several established fairness theories (stable inequity aversion or social-
welfare concerns, power- and need-based norms) as well as pure selfishness as a benchmark
case against the marginal fairness theory introduced in this paper, in which other-regarding
concerns are assumed to be present but weak. Overall, our experimental observations are
best explained by our preferred theory of marginal fairness-concerns.

In our experiment, we did not consider settings where individuals’ influence is het-
erogeneous but where each individual influences all others (as, e.g., in Cournot games or
heterogeneous public-goods games). Previous studies indicate that in these settings out-
comes are also less than equitable (see e.g., Buckley and Croson, 2006; Maurice et al.,
2013). Based on these observations and on our own theoretical analysis, we have come to
several conclusions. First, by taking into account the (a)symmetry and the (in)transitivity of
the interaction structure between individuals, previous experimental results on the strength
of fairness-concerns can be better understood. Second, fairness-concerns are, on average,
only marginal in the sense that behaviour is rather similar to selfish best-response play.
Only in specific (fully symmetric and transitive) situations do fairness-concerns help to co-
ordinate on equitable outcomes. Finally, for highly asymmetric and intransitive structures,
marginal fairness-concerns do not preclude the existence of unfair outcomes and may even
favor extremely unfair behaviour.

Our study and findings relate to the existing literature on what individuals regard as fair
in a given situation. Kahneman et al. (1991) introduced different distributive norms into
the discussion, and in the past 20 years a substantial amount of research has been devoted
to the understanding the nature of social preferences.22 Fehr and Gächter (2002) present

22See the surveys by Rabin (1993), Charness and Rabin (2002), Levitt and List (2007), and Fehr and
Schmidt (1999).
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evidence on the effect of competition on the frequency of fair outcomes in the Ultimatum
Game. While we agree with the authors’ point that economists fail to understand core
questions in economics if they insist on the self-interest hypothesis, our findings qualify
their statement that the interaction between material incentives and social preferences is
likely to have important effects. Our results suggest that the vast majority of individuals
in traditional experimental settings only care about others’ well-being when the cost of
deviating from their selfishly optimal decision is comparatively small, independent of the
decision situations they are confronted with.





Chapter 3

Fairness concerns in strategic context

3.1 Introduction

Other-regarding behaviour has been studied by theoretical, experimental and behavi-
oural economists. A huge body of experiments has shown that subjects in laboratory ex-
periments do not behave in a purely self-interested way but that their behaviour displays
various degrees of fairness-concerns. However, it is still an open question how import-
ant fairness-concerns are in explaining behaviour, and how these depend on the specific
strategic context. While in some games people display very fair behaviour, in some other
games behaviour is not very fair (Davis and Holt, 1993; Plott, 1983; Smith, 1962). What
are the main aspects of these games that explain the differences in their results when it
comes to fair behaviour?

Two models which have strongly influenced the literature on other-regarding prefer-
ences are Bolton and Ockenfels (2000) and Fehr and Schmidt (1999). In the model of
Bolton and Ockenfels (2000) each individual compares his own outcome with the average
of total outcomes for all players. The best response for each player is to choose a behaviour
that equates his own outcome to the average outcome of all players. In the model of in-
equity aversion by Fehr and Schmidt (1999) individuals’ fairness-concerns are self-centred.
Each individual compares his own payoff with every other player’s, and tries to avoid both
an advantageous and a disadvantageous unfair payoff. Both these models explain the res-
ults of experiments in bargaining environments better than the standard model of purely
selfish preferences. However, in some other environments, like competitive markets, the
standard model seems to be still a better predictor for behaviour (Cooper and Kagel, 2009).

Clearly outcome-based preferences have strong effect on behaviour. However, it is
important to show that these preferences are not the only ones which can explain beha-
viour. Other factors which have been studied by Charness and Rabin (2002) and later by
Engelmann and Strobel (2004) are social-welfare preferences or concerns for efficiency.
They provide evidences that these preferences are the key factors underlying outcome-
based preferences. However, it seems that the effect of efficiency is not constant across
strategic settings and, as with fairness-concerns, there is a potential conflict between ones’
own outcome and one’s social-welfare-concerns (Kagel et al., 1996).

41
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The main objective of this paper is to understand whether we can derive the strength of
fairness-concerns from behaviour in various strategic contexts. We suspect that if fairness-
concerns are strong, they should lead to fair outcomes in all settings. For this purpose we
first discuss the effect of fairness-concerns on the number of Nash equilibria in different
games. More specifically, we show that other-regarding preferences limit the number of
Nash equilibria in some strategic settings, while in other settings their strength system-
atically extends the number of Nash equilibria. We follow other outcome-based studies
assuming that all non-standard preferences are stable and present in all decision situations.
Further, by studying all the Nash equilibria of the game, we allow for a broader range of
beliefs about other players’ strategies.

There are plenty of experiments on Ultimatum game or similar versions of it showing
that in one-shot games and even multiple shot games convergence to a subgame perfect
equilibrium is quite slow (Roth and Erev, 1995; Binmore et al., 2002; Gale et al., 1995).
Forsythe et al. (1994) show that, though most individuals give away significant amounts of
money in Ultimatum and Dictator games, this behaviour cannot be explained completely by
fairness-concerns among proposers. Dickinson (2002) shows that individuals place differ-
ent subjective weights on concerns for fairness and when it is relatively cheap to purchase
fairness (or equality) individuals purchase more of it. Similarly, some other experiments
on public-goods games with and without punishment show that players do not necessarily
play the subgame perfect equilibrium, neither in the one-shot nor in the repeated version of
the game (Willinger and Ziegelmeyer, 1999; Sonnemans et al., 1999; Masclet et al., 2003).

To understand the strength of fairness-concerns in various strategic settings, we derive
the Nash equilibria for a number of standard games for three different degrees of fairness-
concerns: when players are not fairness-concerned at all, when they are marginally fairness-
concerned, and when they are highly fairness-concerned (pure fairness). We investigate the
standard ultimatum game (UG), a market game with proposer competition (PC), a mar-
ket game with responder competition (RC), two types of the threshold public-goods game
(TPG), the standard public-goods game (PG) and the public-goods game with retaliation
(PG-P). Under purely selfish (or in the absence of other-regarding preferences), the first
four games are coordination games and the last two are cooperation dilemmas.

In the absence of fairness-concerns, the cooperation dilemmas we study have a unique
Nash equilibrium where every player free-rides, while the coordination games typically
have multiple equilibria. When players are marginally fairness-concerned, these games
are turned into coordination games where every investment profile could be supported as
a Nash equilibrium. While coordination games (bargaining and market games) with mar-
ginal fairness-concerns may have multiple Nash equilibria as well, depending on the de-
gree of fairness-concerns, rather equal investment profiles could be even supported as a
unique Nash equilibrium. In general, in coordination games the number of equilibria is
more limited when players are marginally fairness-concerned than when they are purely
selfish. However, these equilibria also show that the best response of a marginally fairness-



3.2. THEORETICAL PREDICTIONS 43

concerned player has more in common with that of a selfish player than of an extremely
fairness-concerned player.

Considering the role of social-welfare-concerns on behaviour and the trade-off between
fairness and social-welfare-concerns, several experimental studies are conducted. Some of
these studies confirm the interdependencies between efficiency and equity recently (Sauer-
mann and Kaiser, 2010; Pascual et al., 2010). However, with respect to the related weight
of these concerns, results differ between the studies. While some of them claim that, com-
pared to fairness-concerns, social-welfare maximization does not play a key role in beha-
viour (Sauermann and Kaiser, 2010), others hypothesize that fairness-concerns disappear
when there exists an alternative equilibrium which is socially efficient (López-Pérez et al.
(2015); Kritikos and Bolle (2001)). The reason behind these contradictory results can be
explained by the strategic settings of the experiments. According to Kritikos and Bolle
(2001) strategic setting has a very important effect on responders’ behaviour in the ulti-
matum game and the dictator game. Also, Jakiela et al. (2013) find that in the dictator
game dictators’ welfare and equality preferences for giving are dependent on the context of
their choices. Galeotti et al. (2015) study the trade-off between equity and efficiency in bar-
gaining experiments. They show that subjects do not choose equal earning contracts that
are not Pareto efficient. Most bargainers prefer to have unequal earning contracts which
maximize their total earnings. They are more concerned about maximizing first, their own
monetary payoff and second, that of their counterpart, but less about ensuring equality of
money earnings.

We derive predictions from our theory of marginal fairness-concerns and confront these
with the data of several experiments on cooperation games and coordination games. The
overall evidence across all studies allows us to conclude that subjects’ behaviour in these
experiments reflects marginal fairness-concerns.

The remainder of this paper is organized as follows. Section 3.2 introduces the model of
marginal fairness-concerns and contains the theoretical predictions for the above mentioned
cooperation and coordination games. In Section 3.3 we formulate hypotheses and test them
using experimental studies and data which are available online. Our conclusion in Section
3.5 discusses the findings.

3.2 Theoretical predictions

3.2.1 Fairness-concerns

Two pioneering outcome-based models of other-regarding preferences are the models
of Fehr and Schmidt (1999) and Bolton and Ockenfels (2000). Both models assume that
the utility for a player i derived from a payoff profile in a game depends on his own payoff
πi as well as on other players’ payoffs (π−i). It is assumed that some players receive a
dis-utility from having a lower payoff than others (envy), as well as from having higher
payoff than others (guilt).
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In Fehr and Schmidt (1999) model αi > βi ≥ 0, where αi measures dis-utility from
disadvantageous inequality and βi from advantageous inequality:1

Ui(πi,π−i) = πi−
αi

n−1 ∑
i6= j

max{π j−πi,0}−
βi

n−1 ∑
i6= j

max{πi−π j,0}

In Bolton and Ockenfels (2000) model players maximize their utility by keeping their
payoffs equal to the average payoff over all individuals:

νi = νi(πi,σi)

where νi is continuous and twice differentiable on the domain of (πi,σi) and

σi = σi(πi,c,n) =

{
πi
c i f c > 0
1
n i f c = 0

where c =
n

∑
j=1

π j is the sum of the payoffs over all players.

Despite their differences, these two models have similar predictions regarding the de-
viation of behaviour from the prediction of the standard model with purely selfish pref-
erences. We follow the Fehr and Schmidt (1999) model in assuming that each individual
compares his own payoff with the payoffs of all other players. Since, this model is more
sensitive to changes in the distribution of individual payoffs and it is a good way to com-
pare individuals’ behaviours in various contexts. Next to these models, Charness and Ra-
bin (2002) suggested, and later Engelmann and Strobel (2004) empirically confirmed, that
social-welfare preferences play a role in individual’s behaviour in various strategic and
non-strategic contexts. They discuss whether social-welfare-concerns and the payoffs for
the worst-off players in the group (Rawls’ maxi-min preferences) are the key elements
in explaining outcome-based preferences. The generalized model of Charness and Rabin
(2002) for n players is as follows:

Ui(π1,π2, ...,πN) = (1− γ)πi + γ[δmin{π1, ...,πN}+(1−δ ) ∑
j∈N

π j] (3.1)

where δ ,γ < 1 and δ ∈ (0,1) measures the degree of concern for helping the worst-off
person (player j) versus maximizing the total social-welfare. Note that Equation (3.1) can
be rewritten as:

Ui(π1,π2, ...,πN) = πi− γδmax{πi−π j,0}+ γ(1−δ ) ∑
j∈N

π j (3.2)

We model concerns for fairness and efficiency as a combination of these models. We
follow Fehr and Schmidt (1999) in assuming α > β ≥ 0 and we added a social-welfare
function inspired by Charness and Rabin (2002). While Charness and Rabin (2002) do

1While the model as originally introduced by Fehr and Schmidt (1999) is linear, this model supports any
non-linear dis-utility function as well.



3.2. THEORETICAL PREDICTIONS 45

not consider envy, they also impose a relation between an individual’s dis-utility stemming
from feeling guilty, measured by γ , δ and his concern for welfare, measured by γ (1-δ ).
In the following, we do not want to impose restrictions on the parameters and introduce,
next to envy and guilt as suggested by Fehr and Schmidt (1999), as well as two possibly
different measures for an individual’s welfare-concerns: one for when he is earning more
and one for when he is less well-off than all players he is interacting with.

Consider a sequence of utility functions Ui(αi,βi,γ1i,γ2i); ∀i ∈ N, with players being
marginally fairness-concerned i.e αi,βi,γ1i,γ2i ∈ (0,ε] with ε being small enough. Define
Ni as the players j ∈ N with π j ≥ πi, and Ni as the players j ∈ N with π j < πi. The utility
function of a player i concerned about payoffs inequalities and social-welfare is :

Ui(πi,π−i) = πi−αi ∑
j∈Ni

f1(π j−πi)−βi ∑
j∈Ni

f2(πi−π j)+ γ1i f3( ∑
j∈Ni

π j)+ γ2i f4( ∑
j∈Ni

π j) (3.3)

where f ′1, f ′2, f ′3, f ′4 > 0 and for any ι ∈ {1,2,3,4}, fι(0) = 0. In Equation (3.3) the second
and the third terms are, respectively, envy and guilt, and the fourth and the fifth terms are
related to the social-welfare which is the utility a player i receives from helping the payoffs
of the other players in the group with his choice.2 The main difference between our model
and the model of Charness and Rabin (2002) is that in their model each player is concerned
about the worst-off person while here each individual is concerned about all other players.3

To have a better understanding of the strength of individuals’ fairness-concerns, we
compare the predictions of this utility model with those of three other models for various
strategic contexts. First, when we assume that people are consistently rational and ex-
tensively self-interested agents who only care about their monetary payoffs, therefore, their
utilities are not affected by the payoffs of other players in the group and in Equation (3.3) all
players’ α’s, β ’s and γ’s are zero. Second, we assume that players are extremely concerned
about equality. Such pure fairness-concerns would mean that in Equation (3.3) all players’
α’s, β ’s and γ’s are big. In order to maximize his utility a purely fairness-concerned player
should minimize the second and the third terms on the right side of Equation (3.3). Third,
we assume that players are extremely welfare-concerned. Therefore, in Equation (3.3) all
players’ α’s and β ’s are zero and γ’s are big.

2Charness and Rabin (2002) assume that player i cares more about player j when i is ahead, and addition-
ally allow for reciprocity to play a role. As we explicitly focus on Nash equilibria in our analysis, we neglect
reciprocity as an explanatory variable. Note that Fehr and Schmidt (1999) assume αi > βi ≥ 0.

3Note that, Charness and Rabin (2002) model is a convex combination of Rawls’ maxi-min criterion and
a utilitarian welfare function where each player enjoys the sum of the payoffs over all players including
himself.
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3.2.2 Nash equilibira of classical strategic contexts when players are
(marginally) fairness-concerned

3.2.2.1 Ultimatum game

Consider an ultimatum game with one proposer and one responder. The proposer offers
a division of a surplus of size 1 to another player, the responder, who can then either accepts
or rejects. If he accepts, the surplus will be divided between both players accordingly.
However, if he rejects the offer, both players get zero. Thus, the responder chooses a
strategy function I : [0,1]→{Accept, Re ject}, and the proposer offers a share e j from the
interval [0,1].

Proposition 1. For any utility function with marginal fairness-concerns, in an equilib-
rium in the ultimatum game, the proposer’s offer satisfies e j ≤ min{1−αi f1(π j − πi)+

γ2i f4(π j),1} and the responder’s equilibrium strategy satisfies:

• I(e j) = {Accept} if e j ≥ max{α j f1(πi−π j)− γ1 j f3(πi),0}

• I(e j) = {Re ject} if e j ≤ max{α j f1(πi−π j)− γ1 j f3(πi),0}

Proof. When other-regarding preferences play a role, the utility functions of the players i
(the proposer) and j (the responder) are:

Ui =


πi−αi f1(π j−πi)+ γ1i f3(π j) i f πi < π j

πi−βi f2(πi−π j)+ γ2i f4(πi) i f πi > π j

πi + γ1i f3(π j) i f πi = π j

0 i f πi = π j = 0

(3.4)

U j =


π j−α j f1(πi−π j)+ γ1 j f3(πi) i f πi > π j

π j−β j f2(π j−πi)+ γ2 j f4(πi) i f πi < π j

π j + γ1 j f3(πi) i f πi = π j

0 i f πi = π j = 0

(3.5)

where πi = 1− e j and π j = e j. For the responder to accept an offer e j the first line of
Equation (3.5) should be bigger than zero i.e. π j−α j f1(πi−π j)+γ1 j f3(πi)> 0 and calcu-
lating the minimum e j from it, the responder accepts any offer e j ≥ max{α j f1(πi−π j)−
γ1 j f3(πi),0} and rejects anything else.

Also, being marginally fairness-concerned the responder accepts very high offers even
if they are highly unfair. However, the proposer never offers anything that puts his utility
on the first line of Equation (3.4). Because this is where his utility can be even negative.
Therefore, calculating the maximum share the proposer offers e j ≤min{1−αi f1(π j−πi)+

γ2i f4(π j),1}.
Thus, (e j, I(e j) = {Accept}) can be supported in a Nash equilibrium, if there is

an offer from the range max{α j f1(πi − π j)− γ1 j f3(πi),0} ≤ e j ≤ min{1− αi f1(π j −
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πi) + γ2i f4(π j),1} and (e j, I(e j) = {Re ject}) can be supported in equilibrium, if e j <

max{α j f1(πi−π j)− γ1 j f3(πi),0}.

The intuition behind Proposition 1 is that in the ultimatum game guilt plays neither a role
for the amount offered by the proposer, nor for the responder to accept or reject an offer.
Because, according to the Fehr and Schmidt (1999) model for any player i, αi > βi and
people prefer advantageous dis-utility to disadvantageous dis-utility. Also, in this game the
minimum offer that satisfies the responder’s envy is already bigger than the minimum offer
that provokes guilt in the proposer. Thus, the proposer has to care about the responder’s
envy otherwise his offer will be rejected and he receives zero. However, both of these
decisions are affected by the degree of envy. In equilibrium, the proposer’s offer minimizes
the negative effect of envy on his utility, and the responder accepts the offer if the offer
minimizes his feeling of envy. Note that although social-welfare-concerns compensate a
part of the envy dis-utility, they do not compensate it completely.

In the appendix we present two examples of functional forms for all four f1 , f2 , f3 and
f4 functions to show how the size of α (and β ) affects the interval of equilibrium offers
and therefore the number of Nash equilibria in this game.

Under pure fairness-concerns, the game indeed becomes a cooperation dilemma. For
purely fairness-concerned players (e j, I(e j) = {Accept}) is an equilibrium if e j = 0.5
and (e j, I(e j) = {Re ject}) is a Nash equilibrium if e j 6= 0.5. For purely selfish players
(e j, I(e j) = {Accept}) is an equilibrium if e j ∈ [0,1]. Finally, equilibria for purely welfare-
concerned players is the same as those for purely selfish player, (e j, I(e j) = {Accept}) is a
Nash equilibriumwhere e j ∈ [0,1].

3.2.2.2 Market game with proposer competition

Consider a market game with N≥ 2 proposers and one responder j. Each proposer is
asked to offer a division of a surplus of size 1 between himself and the responder. The
responder might accept at most one of the offers. Suppose the winning offer is e∗. If there
exist other offers equal to e∗, one of them will be accepted randomly with equal probabilit-
ies. Consequently, the payoff of the responder will be e∗, the payoff of the winning proposer
(i∗) will be 1− e∗, and all the other proposers l ∈ N\{i∗} whose offers were rejected get
zero. Finally, if the responder rejects all the offers, everyone earns zero.

Proposition 2. For any utility function with marginal fairness-concerns, in a market game
with proposer competition, the winning offer e∗jsatisfies e j ∈ [0,1] and the responder’s equi-
librium strategy satisfies:

• I(e j) = {Accept} if e j ≥ max{α j f1(πi∗−π j)+β j ∑
l∈N j

f2(π j−πl)− γ1 j f3(πi∗),0}

• I(e j) = {Re ject} if e j ≤ max{α j f1(πi∗−π j)+β j ∑
l∈N j

f2(π j−πl)− γ1 j f3(πi∗),0}
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Proof. When other-regrading preferences play a role, the utility functions of players i (the
proposer) and j (the responder) are:

Ui =



πi∗−αi∗ f1(π j−πi∗)−βi∗ ∑
l∈Ni

f2(πi∗−πl)+ γ1i∗ f3(π j) i f i = i∗& πi < π j

πi∗−βi∗ f2(πi∗−π j)−βi∗ ∑
l∈Ni

f2(πi∗−πl)+ γ2i∗ f4(π j) i f i = i∗& πi > π j

−αl f1(πi∗)−αl f1(π j)+ γ1l f3(πi∗+π j) ∀ l 6= i∗

0 all o f f ers re jected

(3.6)

U j =



π j−α j f1(πi∗−π j)−β j ∑
l∈N j

f2(π j−πl)+ γ1 j f3(πi∗) i f πi > π j

π j−β j f2(π j−πi∗)−β j ∑
l∈N j

f2(π j−πl)+ γ2 j f4(πi∗) i f πi < π j

0 all o f f ers re jected

(3.7)

where πi∗ = 1−e j , π j = e j and πl = 0. Note that the third line of Equation (3.6) represents
those proposers whose offers are rejected while there exists a proposer i∗ whose offer is
accepted. And line 4 represents the case where all offers are rejected and no i∗ exists.

First, we show that e∗ = 1 is an equilibrium. Suppose that the responder is marginally
fairness-concerned, we show that guilt is not binding and the responder accepts the most
unfair offer. The second line of Equation (3.7) is positive because, π j is large enough to
make the the dis-utilities of marginal guilt negligible. Thus, the responder accepts e∗ = 1
where still U j ≥ 0 holds.

Second, any proposer with marginal fairness-concerns offers e j = 1. To the contrary,
suppose that there exists a proposer i1 who offers 1−κ to the responder for κ > 0 being
small. If his offer gets accepted his utility is positive. However, if there exists another
proposer i2 who offers 1−κ + δ for 0 < δ ≤ κ , the proposer i1’s utility will be negative
(his utility falls in the third line of Ui). Therefore, for an offer e∗ = 1 player i1 is indif-
ferent between accepting or rejecting because it results Ui1 = −αi1 f1(π j) + γ1i f3(π j) ≥
−αl f1(πi∗)−αi f1(π j)+ γ1l f3(πi∗+π j) =Ul .

Last, for all the offers less than one the responder accept the highest offers except for
the offers e j < α j f1(πi∗ −π j)+β j ∑l∈N j f2(π j−πl)+ γ1 j f3(πi∗) because for offers equal
or smaller than this e j his utility is negative and he prefers to get zero by rejecting all the
offers.

Consequently, (e j, I(e j) = {Accept}), is a Nash equilibrium if e j ≥ max{α j f1(πi∗ −
π j)+β j ∑

l∈N j

f2(π j−πl)− γ1 j f3(πi∗),0} and (e j, I(e j) = {Re ject}) is a Nash equilibrium if

e j < max{α j f1(πi∗−π j)+β j ∑
l∈N j

f2(π j−πl)− γ1 j f3(πi∗),0}.

The intuition behind Proposition 2 is that in this game not only guilt for both players but
also envy for the proposers does not play a role in Nash equilibrium. The proposers know
that in equilibrium the responder rejects very low offers for which he is highly envious and
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his utility is negative. And he accepts the highest offer even if it is the most unfair share
and guilt is not binding at all. The reason that proposers make such unfair offers is that the
lowest possible utility for a proposer is the third line of Equation (3.6) when a proposer i’s
offer is not accepted and he envies the other proposer whose offer is accepted. Therefore,
proposers compete for not being in this group and that’s why even very high offers can be
maintained in equilibrium.

For purely fairness-concerned players (e j, I(e j) = {Re ject}) is an equilibrium if e j ∈
[0,1]. This is the only case that all players end-up with equal payoffs. Even if all the
proposers offer half of the surplus, the responder rejects it so that all the players end-up
with zero payoffs. For purely selfish players (e j, I(e j) = {Accept}) is an equilibrium if
e j ∈ [0,1]. And for purely social-welfare-concerned players (e j, I(e j) = {Accept}) is an
equilibrium if e j ∈ [0,1].

3.2.2.3 Market game with responder competition

Consider a market game with N≥ 2 responders and one proposer i. The proposer is
asked to offer a division of a surplus of size 1 between himself and the responders. Each
responder might accept or reject the offer. Suppose, the proposer offers e∗ and one of the
responders accepts the offer. The payoff of the winning responder j∗ is e∗and the payoff
of the proposer is 1− e∗. If there exist other responders who accept e∗, one of them will
be chosen randomly with equal probabilities, and all the other responders l ∈ N\{ j∗} who
either did not accept the offer or accepted the offer but were not chosen get zero. If all
responders reject the offer everybody including the proposer gets zero.

Proposition 3. For any utility function with marginal fairness-concerns, in a market game
with responder competition, the proposer’s offer e j satisfies e j ≤ min{1−αi f1(π j∗−πi)−
βi∑l∈Ni f2(πi−πl)+ γ1i f3(π j∗),1} and the responder’s equilibrium strategy satisfies:

• I j(e j) = {Accept} if e j ∈ [0,1]

• I j(e j) = {Re ject} if e j = 0

Proof. Players’ utility functions are as follows:

Ui =


πi−αi f1(π j∗−πi)−βi ∑

l∈Ni

f2(πi−πl)+ γ1i f3(π j∗) i f πi < π j

πi−βi f2(πi−π j∗)−βi ∑
l∈Ni

f2(πi−πl)+ γ2i f4(π j∗) i f πi > π j

0 everybody re jects o f f er

(3.8)
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U j =



π j∗−α j∗ f1(πi−π j∗)−β j∗ ∑
l∈Ni

f2(π j∗−πl)+ γ1 j∗ f3(πi) i f π j < πi

π j∗−β j∗ f1(π j∗−πi)−β j∗ ∑
l∈Ni

f2(π j∗−πl)+ γ2 j∗ f4(πi) i f π j > πi

−αl f1(πi)−αl f1(π j∗)+ γ1l f3(πi +π j∗) ∀ j 6= j∗

0 everybody re jects o f f er
(3.9)

where πi = 1− e j and π j = e j.
First, offering e∗ = 0 is an equilibrium. Being marginally fairness-concerned, guilt is

not binding and the proposer’s offer of 0 to the responder is still positive. Because, in
the second line of Equation (3.8) where guilt appears on his utility, πi is large enough to
compensate for the dis-utility of guilt and Ui > 0.

Second, the responder is indifferent accepting or rejecting an offer of e j = 0, because
each responder tries to avoid the utility of −αl f1(πi)−αl f1(π j∗)+ γ1l f3(πi +π j∗) in the
third line of Equation (3.9), which is the lowest possible utility for a responder. In the worst
case, when the proposer offers 0 the responder’s utility of accepting it is U j∗=−α j∗ f1(πi−
π j∗) + γ1 j∗ f3(πi) ≥ −αl f1(πi)−αl f1(π j∗) + γ1l f3(πi + π j∗) = Ul . Thus, (e j, I j(e j)) is a
Nash equilibrium if the proposer offers e j = 0 and I j(e j) = {Accept}.

Moreover, if the proposer believes that all responders will reject any offer less than
e j > 0, the best response for the proposer is to offer e j accordingly. However, because
of the presence of other-regarding preferences this offer cannot be e j = 1, because, he
prefers to be rejected and gets zero, instead of being accepted and having a negative utility,
according to the first line of Equation (3.8). Therefore the maximum offer by the proposer
is e j = 1−αi f1(π j∗−πi)−βi ∑

l∈Ni

f2(πi−πl)+γ1i f3(π j∗). Hence, as in the ultimatum game,

envy for the proposer is binding.
Consequently, the proposer never offers e j > min{1−αi f1(π j∗−πi) −βi∑l∈Ni f2(πi−

πl)+γ1i f3(π j∗),1}. Hence, (e j, I j(e j) = {Accept}), can be supported in Nash equilibrium,
if 0 ≤ e j ≤ min{1−αi f1(π j∗ − πi)− βi∑l∈Ni f2(πi− πl)+ γ1i f3(π j∗),1} and (e j, I j(e j) =

{Re ject}) if e j = 0.

The intuition behind Proposition 3 is that like the ultimatum game and the market game
with proposer competition guilt is not binding. However, the difference between these
games is that in the market game with responder competition, only the proposer’s envy is
binding. The proposer prefers being rejected and receiving zero to being highly envious
and being accepted. However, the responders accept every low offer to win the competition
in order to get anything other than the certain negative utility of a losing responder.

Note that, since the proposer is marginally fairness-concerned, the cost of offering one
unit is more than his dis-utility caused by guilt and a one-unit offer helps to decrease the
inequality between his payoff with only one of the responders, and there is no way to escape
from the inequality of payoffs between players.

For purely fairness-concerned players (e j, I j(e j) = {Re ject}) is an equilibrium for any
e j ∈ [0,1]. For purely selfish players (e j, I j(e j) = {Accept}) is an equilibrium if e j ∈ [0,1].
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And for purely social-welfare-concerned players (e j, I j(e j) = {Accept}) is an equilibrium
if e j ∈ [0,1].

3.2.2.4 Public-goods game

Suppose, there are N ≥ 2 players who decide simultaneously on their contribution levels
ei ∈ [0,1], ∀i ∈ {1, ...,n}, to a public-good. The payoff function of a player i is given by:

Πi = 1− ei +a
n

∑
j=1

e j
1
n
< a < 1 (3.10)

where a denotes the constant marginal return to the public-good.

Proposition 4. For any utility function with marginal fairness-concerns and for all players
i, j ∈ N

1. e j = ei = 0 is a Nash equilibrium.

2. any ei ∈ [0,1] can be supported by a Nash equilibrium.

Proof. The utility function of a player i by adding guilt, envy and social-welfare-concerns
is given as:

Ui = πi−αi ∑
j∈Ni

f1(π j−πi)−βi ∑
j∈Ni

f2(πi−π j)+ γ1i f3( ∑
j∈Ni

π j)+ γ2i f4( ∑
j∈Ni

π j) (3.11)

where the first-order condition for utility maximization is as follows:

dUi

d(ei)
=−1+a−αi ∑

j∈Ni

f ′1(π j−πi)+βi ∑
j∈Ni

f ′2(πi−π j)

+(n1a)γ1i f ′3( ∑
j∈Ni

π j)+(n2a)γ2i f ′4( ∑
j∈Ni

π j)≤ 0 (3.12)

where n1 = |Ni| denotes the cardinality of the set Ni, i.e. the number of players who invested
less than i, and n2 = |Ni| the cardinality of Ni respectively. To find the equilibria suppose
there are n players with n different amounts of contribution.

First, for any player i, ei = 0 is an equilibrium, because, in Equation (3.12) envy, guilt
and social-welfare-concerns do not play roles and dUi

d(ei)
≤ 0 holds.

Now, suppose a player i is the one with the lowest, and a player k is the one with the
highest amount of contribution, and a player j with contribution e j so that ei ≤ e j < ek,
then since they are in equilibrium all the first-order conditions must hold simultaneously:

dUi

d(ei)
=−1+a+βi ∑

k∈Ni

f ′2(πi−πk)+(n−1)aγ2i f ′4( ∑
k∈Ni

πk)≤ 0 (3.13)
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dU j

d(e j)
=−1+a−α j ∑

i∈N j

f ′1(π j−πi)+β j ∑
k∈N j

f ′2(πi−π j)

+(n1a)γ1 j f ′3(∑
i∈N j

πi)+(n2a)γ2 j f ′4(∑
i∈N j

πk)≤ 0 (3.14)

dUk

d(ek)
=−1+a−αk ∑

i∈Nk

f ′1(πi−πk)+(n−1)aγ1k f ′3(∑
i∈Nk

πi) = 0 (3.15)

In the equations above, any unequal investments by players could be supported by a
Nash equilibrium as well. Comparing Equations (3.13) and (3.15) the positive effect of
social-welfare-concerns on the first one is larger than the second one because, even if both
of the players γ1 = γ2, still f ′4(∑k∈Ni πk)< f ′3(∑i∈Nk

πi). Therefore, on one hand, the amount
of social-welfare stemming from the contribution of the player i to the public-good is neg-
ligible and, for different amounts of guilt and marginal rates of return, Equation (3.13)
could hold. And, on the other hand, a part of the dis-utility of envy of player k will be
compensated by the utility of his social-welfare-concerns. As a result, Equation (3.15)
could hold too because, the contribution of player k has a substantial effect on the size of
social-welfare for different sizes of a rate of return, number of players and envy i.e.:

−1+a−αk ∑
i∈Nk

f ′1(πi−πk) = (n−1)aγ1k f ′3( ∑
i∈Nk

πi)

Thus, there exist multiple equilibria with unequal contributions by different players for
which Equations (3.13) and (3.15) hold simultaneously.

The same argument holds for the utility of any player j.

Note that for Proposition 4 to hold, the rate of return must not be too small. Because we
assume that players are marginally fairness-concerned and, for a very small rate of return,
Equations (3.13), (3.14) and (3.15) will always be negative and no player will contribute to
the public-good.

The intuition behind this proposition is that, when only envy and guilt play a role in
the utility function of players, they will try to keep their contributions very close to each
other. In this situation the players with higher contributions have the dis-utility resulting
from envy and, to decrease the negative effect of that, they decrease their contributions.
The players with guilt increase their contributions to decrease the negative effect of guilt
on their utility. However, adding the social-welfare, the envious players do not decrease
their contributions substantially because a part of the dis-utility caused by envy will be
cancelled out with the utility stemming from social-welfare-concerns resulting from their
contributions. At the same time, players with guilt are those whose contributions do not
help the social-welfare that much and they might increase their contributions so that the
negative effect of guilt decreases. Since we assumed that αi > βi we can conclude that
unequal contributions by players can be supported by Nash equilibria.
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For purely fairness-concerned players any e j = ei is the unique Nash equilibrium. For
any pure selfish player i, ei = 0 is the unique Nash equilibrium. For any purely social-
welfare-concerned player i, ei = 1 is the unique Nash equilibrium.

3.2.2.5 Public-goods game with punishment

Consider a public-goods game with punishment possibility. In the first stage each player
contributes a part of his endowment to a public-good or keeps all of it for himself. But
in the second stage, each player gets informed about other players’ contributions and he
decides whether to punish a free-rider or not. Suppose, there are N ≥ 2 players who decide
simultaneously on their level of contributions ei ∈ [0,1]. The payoff function of a player i
is:

πi = 1− ei +a(∑
j∈N

e j)−∑
j∈N

cp j
i − k ∑

j∈N
pi

j (3.16)

where 1
N < a < 1 is the rate of return of one unit of contribution, 0 < c < 1 is the cost of

punishment for an enforcer (a player who chooses to punish the deviator) and k is the effect
of punishment that a player i receives from any player j.

Proposition 5. For any utility function with marginal fairness-concerns, any ei ∈ [0,1]
is supported by a Nash equilibrium and there exist equilibria where at least one player
chooses to punish.

Proof. Suppose for all players i, j ∈ N, p j
i = 0, therefore, the game is just like the regular

public-goods game and as we showed in the proof of Proposition 4, even without punish-
ment in equilibrium every ei ∈ [0,1] is possible.

if p j
i 6= 0, since players can condition their punishments on behaviour in the first stage,

any contribution profile ei ∈ [0,1] can again be supported in equilibrium, when players leave
the equilibrium contributions unpunished, but punish out-off-equilibrium contributions to
a maximum extent.

To test if punishment is a part of equilibrium we look at the derivative of utility function
for player i who chooses to punish a deviator j:

dUi

d pi
=−c− (c− k)αi f ′1(π j−πi)+(−k)γ1i f ′3(∑

i∈N

πi +π j) (3.17)

punishment in Equation (3.17) is credible if k > c and if envy weighs stronger than welfare.
Therefore, punishment can be part of a Nash equilibrium.

For purely fairness-concerned players to stablish equilibrium punishment will be used
to reach equal payoffs. For all players being purely selfish any arbitrary contribution profile
can be supported by a Nash equilibrium under severe threats just like in Proposition 4.
Note that even purely fairness-concerned players might punish in this game to achieve
equal payoff levels. Purely social-welfare-concerned players contribute the maximum and
nobody punishes a deviator.
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3.2.2.6 Threshold public-goods game

Type 1: Threshold public-good game with continuous best response
In this game players jointly contribute in the production of a public-good and a player i

benefits from his neighbours contributions and his payoff function is given by:

πi = bi− cei = b
(

∑
∀i∈N

ei
)
− cei (3.18)

where b function gives the size of the benefit from his own and his neighbours contribution
so that b′ > 0, b′′ < 0. Also, for each player b′(0)> c, which means that even for a selfish
player optimal contribution level is positive. Suppose e∗ = ei + ∑

∀ j∈N
e j is the effort level at

which b(e∗) = c.
The Definition 2 follows naturally from the best response prediction of a player with

marginal fairness-concerns shown in Chapter 2.

Definition 2. To study equilibrium play in the threshold public-goods game, a marginal
fairness-concerned player responds to the neighbour’s contributions by choosing ei such
that:

1. ei = e∗i − ∑
j∈N

e j if and only if ∑
j∈N

e j ≤ e∗i

2. ei = 0 if and only if ∑
j∈N

e j ≥ e∗i

where e∗i ∈
[

e∗−η , e∗+η

]
and η ,η > 0 but small.

Moreover, if πi ≥ (≤) π j for all j ∈ N with at least one inequality being strict, then
e∗i > (<) e∗.

where e∗ is the threshold for a selfish player and η = f2(x−i,βi) and η = f1(x−i,αi). Just
like a selfish player, a marginally fairness-concerned player invests up to (but no more than)
her personal maximum contribution level of e∗i . The difference is that this value depends
on her strength of inequity aversion as well as on neighbours’ contributions. Depending
on the combination of the two, e∗i may lie above e∗ or below. Nevertheless, the personal
maximum is close to the selfish benchmark.

Proposition 6. For any utility function with marginal fairness-concerns, in a threshold
public-goods game with continuous best response, any offer ei can be supported by a Nash
equilibrium if it satisfies ∑

i∈N
ei ∈ [e∗−η , e∗+η ] for all i ∈ N.



3.2. THEORETICAL PREDICTIONS 55

Proof. The utility function of a player i by adding guilt, envy and social-welfare-concerns
is given as:

Ui = b
(

∑
∀i∈N

ei
)
− cei−αi ∑

j∈Ni

f1(π j−πi)−βi ∑
j∈Ni

f2(πi−π j)

+ γ1i f3( ∑
j∈Ni

π j)+ γ2i f4( ∑
j∈Ni

π j) (3.19)

where the first-order condition for utility maximization is as follows:

dUi

d(ei)
= b′− c− cαi ∑

j∈Ni

f ′1(π j−πi)+ cβi ∑
j∈Ni

f ′2(πi−π j)

+n1(b′)γ1i f ′3( ∑
j∈Ni

π j)+n2(b′)γ2i f ′4( ∑
j∈Ni

π j) = 0 (3.20)

where n1 = |Ni| denotes the cardinality of the set Ni, i.e. the number of players who invested
less thani, and n2 = |Ni| the cardinality of Ni respectively. To find the equilibria, suppose
there are n players with n different contributions and suppose a player i is the one with the
lowest and a player k is the one with the highest and player j with contribution e j so that
ei ≤ e j < ek. If the first-order conditions hold for all players simultaneously there exist
multiple equilibria with unequal contributions by players:

dUi

d(ei)
= b′− c+ cβi ∑

j∈Ni

f ′2(πi−π j)+(n−1)(b′)γ2i f ′4( ∑
j∈Ni

π j)≤ 0 (3.21)

dU j

d(e j)
= b′− c− cα j ∑

i∈N j

f ′1(πi−π j)+ cβ j ∑
i∈N j

f ′2(π j−πi)

+n1(b′)γ1 j f ′3(∑
i∈Ni

πi)+n2(b′)γ2 j f ′4(∑
i∈N j

πi) = 0 (3.22)

dUk

d(ek)
= b′− c− cαk ∑

i∈Nk

f ′1(πi−πk)+(n−1)(b′)γ1k f ′3(∑
i∈Nk

πi) = 0 (3.23)

where αi,βi,γi ∈ (0,ε]. Since player i has the lowest contribution, his utility out of social-
welfare is less than players k’s or (n−1)(b′)γ2i f ′4( ∑

j∈Ni

π j)< (n−1)(b′)γ1k f ′3( ∑
i∈Nk

πi). Thus,

two Equations (3.21) and (3.23) for unequal contributions for the most envious and the most
guilty players can hold simultaneously. Also, Equation (3.22) for player j can hold because
he is less envious than player k and less guilty than player i and at the same time the sum
of his benefits from social-welfare is in between these two players and can compensate
a part of his envy. Therefore, just like the normal public-goods game any set of unequal
contributions can be supported by a Nash equilibrium.

Next, we show that the total contribution of all players should satisfy ∑
i∈N

ei ∈ [e∗−

η , e∗+η ]. First, from part (2) of Definition 2, it cannot be that ei = 0 for every player i∈N
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because, each player contribute zero to the public-good only if the sum of the contributions
by other players already meets his threshold. And according to part (1) if the sum of the
contributions by other players is less than his threshold, player i increases his contribution
until ∑

i∈N
ei = e∗i .

The intuition behind Proposition 6 is that all players enjoy the same amount of the
public-good and any difference in their payoffs is caused by their different contributions
to the public-good. Assuming players being marginally fairness-concerned, they jointly
choose a contribution level such that the sum is close to e∗ which maximizes their pay-
offs. Beside, for marginal fairness-concerned players, having dis-utilities of envy and guilt
together with the utility resulted from social-welfare in their preferences, players who con-
tribute more than the other players will decrease their contributions, even though, next to
envy they receive some positive payoffs of social-welfare. This happens because we as-
sume that people care about their own payoffs more than any other factor. And although
a positive effect of social-welfare might decrease the negative effect of envy, envy is still
stronger and the player with the highest contribution will cut back hile the player with lower
contribution should add a unit to his contribution.

For purely fairness-concerned players any e j = ei ∈ [0,1] could be supported by a
Nash equilibrium. For purely selfish players ∑i∈N ei = e∗ is an equilibrium. Purely social-
welfare-concerned players contribute the maximum.

Type 2: Standard threshold public-goods game
In a standard threshold public-goods game, a group of players need to raise an amount of

money, e∗, for benefit to occur for every individual in the group. Suppose, N individuals are
provided with identical endowments of 1, and each of them should decide how much of it to
contribute. If the threshold, e∗, is reached by the group as a whole, each individual receives
an identical reward, R. Note that 1 < e∗ < N so that the threshold cannot be fulfilled solely
upon the contribution of one person. Each individual chooses to contribute ei ∈ [0,1]. The
payoff function of a player i is:

πi =


1− cei i f ∑

∀i∈N
ei < e∗

1− cei +R i f ∑
∀i∈N

ei ≥ e∗
(3.24)

Proposition 7. For any utility function with marginal fairness-concerns, in a standard
threshold public-goods game, any offer ei can be supported by a Nash equilibrium if

1. ∑
i∈N

ei = e∗ for all i ∈ N.

2. or ei = 0 for all i ∈ N.

Proof. Being marginally fairness-concerned utility function of a player i is :

Ui = πi−αi ∑
∀ j∈Ni

f1(π j−πi)−βi ∑
∀ j∈Ni

f2(π j−πi)+ γ1i ∑
∀ j∈Ni

f3(π j)+ γ2i ∑
∀ j∈Ni

f4(π j) (3.25)
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To show that a set of unequal contributions by players could be supported by a Nash
equilibrium consider two players i and j with unequal contributions so that ei > e j.

First, suppose that ∑
∀i∈N

ei ≥ e∗. The derivatives of their utility functions are:

dUi

dei
=−c− cαi ∑

∀ j∈Ni

f ′1(π j−πi)+ γ1i ∑
∀i∈Ni

f ′3(πi) (3.26)

dU j

de j
=−c+ cβ j ∑

∀ j∈Ni

f ′1(π j−πi)+ γ2 j ∑
∀i∈Ni

f ′4(πi) (3.27)

the derivative of player i’s Utility is negative and he might decrease his contribution up to
the point where the sum of them is exactly equal e∗. At this point the derivative is still neg-
ative. However, being marginally fairness-concerned he will not decrease his contribution
any more. Because, in that case the sum of contributions falls below the threshold and his
utility decreases dramatically. Also, player j will not increase his utility because when the
sum of contributions is equal or above the threshold his contribution is no help to any other
player and not even to himself. As a result the first order conditions for Equations (3.28)
and (3.29) are only satisfied if either ∀i, j ∈ N, ei = e j = 0 or ∑

i∈N
ei = e∗ .

Second, suppose that ei > e j and ∑
i∈N

ei < e∗, therefore, the derivatives of their tility

functions are:
dUi

dei
=−c− cαi ∑

j∈N

f1(π j−πi) (3.28)

dU j

de j
=−c+ cβ j ∑

j∈N
f1(π j−πi) (3.29)

Since, the sum of contributions is smaller than the threshold, social-welfare is zero for
both players. The marginal utility of the player i is negative and he could increase his utility
by decreasing his contribution up to ∀i, j ∈ N, ei = e j = 0.

For purely fairness-concerned players any e j = ei ∈ [0,1] could be supported by a Nash
equilibrium. If players are purely social-welfare-concerned ei = e j = 1. Further, for pure
selfish players, just like marginal fairness players, either ∑

i∈N
ei = e∗ or ei = e j = 0 is an

equilibrium.

3.2.3 Summary of predictions

Tables 3.1 and 3.2 summarize the equilibrium predictions of the above mentioned
games with different degrees of fairness and social-welfare-concerns. It can be seen that
depending on the game, adding fairness to the utility functions of players may increase or
decrease the number of equilibria. In the UG and the PC the interval of accepted (rejected)
offers decreases (increases) when the degree of fairness-concerns increases. In the PG and
TPG1 the number of Nash equilibria increases with fairness. Moreover, for the PG-P the
structure of contributions stays unchanged but the interval of punishments increases. In the
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RC and the TPG2 games fairness-concerns need to be quite strong to have an effect on the
number of equilibria.

Game No fairness Marginal fairness

UG

Prop.: e j ∈ [0,1] Prop.: e j ∈ [0,B]

Resp.: I(e j) = {Accept} if e j ∈ [0,1] Resp.: I(e j) = {Accept} if e j ∈ [A,1]

I(e j) = {Re ject} if e j = 0 I(e j) = {Re ject} if e j ≤ A

PC

Prop.: e j ∈ [0,1] Prop.: e j ∈ [0,1]

Resp.: I(e j) = {Accept} if e j ∈ [0,1] Resp.: I(e j) = {Accept} if e j ∈ [C,1]

I(e j) = {Re ject} if e j = 0 I(e j) = {Re ject} if e j ≤C

RC

Prop.: e j = [0,1] Prop.: e j ∈ [0,D]

Resp.: I(e j) = {Accept} if e j ∈ [0,1] Resp.: I(e j) = {Accept} if e j ∈ [0,1]

I(e j) = {Re ject} if e j = 0 I(e j) = {Re ject} if e j = 0

PG ∀i ∈ N, ei = 0 ∀i ∈ N, ei ∈ [0,1]

PG-P ∀i, j ∈ N, ei ∈ [0,1]& P j
i (e) = 0 ∀i, j ∈ N, ei ∈ [0,1]& P j

i (e) ∈ {0,1}

TPG1 ∑i∈N ei = e∗ ∑i∈N ei ' e∗

TPG2
∑i∈N ei = e∗ ∑i∈N ei = e∗

∀i, j ∈ N, ei = e j = 0 ∀i, j ∈ N, ei = e j = 0

Table 3.1: Equilibrium outcomes for theories of pure selfishness and marginal fairness-
concerns

In Table 3.1, A, B, C and D as defined in Propositions 1, 2 and 3 are as follows:
A = α j f1(πi−π j)− γ1 j f3(πi)

B = 1−αi f1(π j−πi)+ γ2i f4(π j)

C = α j f1(πi∗−π j)+β j ∑l∈N j f2(π j−πl)− γ1 j f3(πi∗)

D = 1−αi f1(π j∗−πi)−βi ∑l∈Ni f2(πi−πl)+ γ1i f3(π j∗)
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Game Pure fairness Pure welfare

UG

Prop.: e j = 0.5 Prop.: e j ∈ [0,1]

Resp.: I(e j) = {Accept} if e j = 0.5 Resp.: I(e j) = {Accept} if e j ∈ [0,1]

I(e j) = {Re ject} if e j 6= 0.5

PC
Prop.: e j ∈ [0,1] Prop.: e j ∈ [0,1]

Resp.: I(e j) = {Re ject} if e j ∈ [0,1] Resp.: I(e j) = {Accept} if e j ∈ [0,1]

RC
Prop.: e j =∈ [0,1] Prop.: e j ∈ [0,1]

Resp.: I(e j) = {Re ject} if e j ∈ [0,1] Resp.: I(e j) = {Accept} if e j ∈ [0,1]

PG ∀i, j ∈ N, ei = e j ∈ [0,1] ∀i ∈ N, ei = 1

PG-P ∀i, j ∈ N, ei ∈ [0,1]& P j
i (e) = 1 ∀i, j ∈ N, ei = 1 & P j

i (e) = 0

TPG1 ∀i, j ∈ N, ei = e j ∈ R ∑
i∈N

ei > e∗

TPG2 ∀i, j ∈ N, ei = e j ∈ [0,1] ∑
i∈N

ei > e∗

Table 3.2: Equilibrium outcomes for theories of pure fairness and pure social welfare-
concerns

3.3 Hypothesis development

In Tables 3.1 and 3.2 every two columns have at least one equilibrium in common.
Therefore, it is difficult to differentiate between the equilibria of different degrees of
fairness-concerns for each player. For instance, in the UG, e j = 0.5 is a Nash equilib-
rium independent of the strength of fairness-concerns. Also, in the PG with and without
punishment, ei = e j = 0 is an equilibrium regardless of the strength of fairness-concerns.
This indicates that it is difficult to draw conclusions regarding the strength of fairness-
concerns from behaviour in only one strategic context: observing 50-50 offers in the UG
does not necessarily mean that subjects are highly fairness-concerned, neither do contribu-
tions equal to zero in the PG indicate that a player is not fairness-concerned at all. To get
a better understanding of the strength of individuals’ fairness-concerns we formulate a few
hypotheses from the comparison of the theoretical predictions of different strategic contexts
and test these hypotheses using the data available from existing experimental studies.
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In the following we assume that subjects participating in experimental studies come to
the laboratory with the expectation to earn a positive amount of money. For this reason
we formulate our hypotheses for the bargaining games (UG, PC, RC) for the acceptance
equilibria.

Comparing the UG to the PC and comparing the UG to the RC in Tables 3.1 and 3.2
and assuming that players are purely selfish or highly welfare-concerned, the rates of ac-
ceptance between these games do not change. When players are purely fairness-concerned
the acceptance rate in the UG is higher than the PC and the RC.

From the theoretical predictions in Table 3.1, we know that for marginally fairness-
concerned players, accepted offers in the UG fall into the interval of [A,B]. The proposer
never offers a share which is bigger than B and the responder never accepts an offer which
is less than A. In the PC accepted offers fall in the range of [C,1]. Where the responder
has a power to dictate his minimum accepting offer to the proposers by rejecting offers less
than C. But the proposers have no such power and under competition they may offer the
whole pie.

If we assume that additionally guilt does not play a large role, i.e. such that C−A <

1−B4 holds, we can formulate the Hypothesis 1. A confirmation of this hypothesis implies
that the predictions of all three other theories are rejected.

Hypothesis 1. Comparing the UG to the PC, the acceptance rates in the PC are higher
than UG.

Comparing the UG and the RC, a marginally fairness-concerned proposer in the UG
limits the maximum offer in a way that satisfies his envy and his social-welfare-concerns,
i.e. B, which is less than 1. At the same time the responder defines the minimum accepting
offer based on his own envy and social-welfare-concerns, i.e. A, and rejects all the offers
below that. Therefore, all the accepted offers in the UG fall in the interval [A,B]. In the RC
the proposer defines the maximum share that satisfies his guilt, envy and social-welfare-
concerns, i.e. D. However, the responders lose their power of rejecting low offers and there
exists no minimum accepting offer higher than 0. If we again assume that guilt does not
play a large role, i.e. now specifically B−D < A5, we can formulate the next hypothesis
for marginally fairness-concerned players:

Hypothesis 2. Comparing the UG to the RC, the acceptance rates in the RC are higher
than in the UG.

Comparing the PG and the PGP games, we can see in Tables 3.1 and 3.2 that except
for the case when players are marginally fairness-concerned, the variance of individuals’
contributions either stays unchanged (pure welfare-concerned) or it is larger (pure fairness-
concerned and no fairness) in the PG compared to the PG-P. Based on these observations,
we can formulate the following hypothesis:

4Replacing A, B and C from the theoretical predictions β j ∑l∈N j f2(π j−πl) ≤ αi f1(π j−πi)−
γ2i f4(π j).

5Replacing A, B and D from the theoretical predictions βi ∑l∈Ni f2(πi−πl)≤ α j f1(πi−π j)− γ1 j f3(πi)
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Hypothesis 3. Comparing the PG to the PG-P, the following holds for the variance of
contributions within a group:

1. var(ei|PG) = var(ei|PG−P) = 0 when players are highly welfare-concerned.

2. var(ei|PG−P)> var(ei|PG) when players are highly fairness-concerned or selfish.

In Tables 3.1 and 3.2 we can moreover see that the variance of the sum of contributions
between groups of players in the PG and the TPG games is zero in both games (pure
selfish) or it is higher in the TPG than the PG (pure welfare-concerned and pure fairness-
concerned), while for the case when players are marginally fairness-concerned the variance
of the sum of contributions between groups of players is lower in the TPG than in the
PG. The following hypothesis compares this measure across PG and the TPG for different
degrees of fairness-concerns:

Hypothesis 4. Comparing the PG to the TPG, the following holds for the variance of the
sum of contributions between groups of players:

var(∑
i∈N

ei|PG)> var(∑
i∈N

ei|T PG)

3.4 Hypothesis testing

3.4.1 Acceptance rates in the ultimatum game and the market game
with proposer competition

Roth et al. (1991) compare behaviour in the UG and the PC in four countries. In their PC
games 9 (except for one session of 7) proposers play against one responder for 10 rounds.
Their results show that first unlike the UG, in the PC game, the offers converge quickly to
perfect equilibrium (offering 100% or very close to it). Second, in the PC no highest offer
was ever rejected in any of the sessions. Third, unlike the PC, in every experiment in the
UG, a substantial percentage of offers were rejected. The rejection rate in the UG varied
between 10% to 44% across sessions with averages varying from 22% to 29% (across
rounds). This difference can be explained by the offers in the PC which are significantly
higher than the UG (across all the sessions, the average accepted offers in the first round
was at least 80 percent of the pie (see Figure 3.1)). Thus, H1,which states that the rate of
acceptance in the PC is higher than the UG, will be accepted.
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Figure 3.1: Average offers across rounds in market game with proposer competition
Data from: Roth et al. (1991)

3.4.2 Acceptance rates in the ultimatum game and the market game
with responder competition

According to H2 being marginally fairness-concerned, the acceptance rates of the RC
are higher than the UG. To test H2, we look at the results of a few experimental studies
which compare subjects’ behaviours in these games.

Camerer and Fehr (2006) compared two different RC games (with two and five respon-
ders) with the UG. The results show that responders and proposers’ behaviours are highly
affected by the degree of competition between players. Adding to the number of responders
the rejection rates decrease from the UG to the RC. Figure 3.2 shows the rejection rates, for
every offer size, across these games. Although, average offers in both types of the RC are
lower than the UG, the rejection rates are lower as well. On the other hand for every offer
size the acceptance rate in the RC, regardless of the number of responders, is considerably
higher than the UG.

Grosskopf (2003) conducted experiments on the UG and the RC with three responders.
They test whether the order of playing games matters by running two versions of the games:
1) subjects played 6 rounds of the UG right after 6 rounds of the RC and 2) they played 6
rounds of the RC right after playing 6 rounds of the UG. The results show that first of all
the order does not matter and always the average offer in the UG is higher than the RC and
also acceptance rates in the RC are considerably higher than the UG so that the rejection
rates in the UG are seven times higher than the RC. Consequently, H2 is confirmed.
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Figure 3.2: Responders’ rejection rates across bargaining games
Source: Camerer and Fehr (2006)

3.4.3 Contributions in the public-goods games with and without pun-
ishment

To test H3 we use two experimental studies by Nikiforakis and Normann (2008) and
Ambrus and Greiner (2012).6 Table B.3 in the appendix show a summary of these experi-
ments. Also summary statistics of the contributions in these studies are presented in Table
3.3.7 Note that, the data of the experiments are normalized between 0 and 1.

Variable N Mean SD

PG1 240 0.23 0.31

PG2 2850 0.28 0.45

PG-P1 960 0.66 0.36

PG-P2 5550 0.75 0.43

Table 3.3: Individual contributions in the PG and the PG-P games

H3 states that when subjects are highly welfare-concerned, adding punishment to the
PG game does not change the variance of contributions and this measure stays zero in the

6These studies conducted experiments in the PG both with and without punishment. In the experiments
the number of players in each group is 4 (3) in the first (second) game and the marginal rate of return is 0.4
(0.5). Studies that used the following experimental conditions:

• finitely repeated games.

• games with exogenous and random matching strategy.

• games with anonymous counterparts with no communication before or between games.

• games where payments are based on the individual’s decisions and in real money.

7All data used in this paper are either available online from recent studies published in the American
Economics Review and Journal of Experimental Economics or by contacting the authors and asking them for
the data.
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PG with and without punishment. Moreover, if players are either highly fairness-concerned
or highly unfair, adding punishment increases this measure.

Table 3.3 show that punishment increases the average contributions in the PG. In the
both experiments average contribution increased more than two times but, it is not clear
what happens to the variance of contributions when punishment is added. In the following,
we therefore use F-test to compare the variance of contributions in the PG with and without
punishment.

The results of the F-test for the first study show that there is a significant difference in
the variance of the PG1 and the PG-P1; F(239,959) = 0.72, p < 0.001.

The results of the F-test for the second study show that there is a significant difference
in the variance of the PG2 and the PG-P2; F(2849,5549) = 1.06, p < 0.001.8

The first part of the H3 is rejected because in non of these tests variance is zero or
even equal as predicted by the theory of pure welfare-concerns. The second part of the
H3 will also be rejected because from the F-tests we cannot conclude that the variance
of contributions in the PG is increasing by adding the punishment as predicted by pure
fairness-concerns and pure selfish theories.

As a result, although the existence of punishment increases the average contribution
in the PG-P games. It does not necessarily decease or increase the variability of their
contributions. Therefore, H3 is rejected.

3.4.4 Contributions in the public-goods games and the threshold
public-goods games

To test H4 we use three experimental studies on the TPG by Ehrharta and Feigea (2014),
Andreoni and Gee (2015) and Rezaei et al. (2014) and four experimental studies in the PG
by Fischbacher and Gächter (2010), Nikiforakis and Normann (2008), Andreoni (1988)
and Rosenkranz et al. (2012).9 Tables B.1 and B.2 in the appendix provide a summary of
these experiments.

8The results of the Levene’s test of equal variances for both tests were the same.
9To maximize the consistency across studies, we choose computerized laboratory experiments with groups

of 4 or 5 players and with marginal rate of return of 0.4 or 0.5. The design of theses games with respect to
the matching strategy, anonymity, payment and punishment strategy is the same as the PG games explained
in the previous section.
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Variable Obs Mean SD

TPG1 480 0.51 0.16

TPG2 2160 0.61 0.11

TPG3 1080 0.45 0.09

PG1 240 0.26 0.24

PG2 575 0.46 0.23

PG3 960 0.37 0.25

PG4 1400 0.32 0.21

Table 3.4: Sum of contributions across the TPG and the PG games

H4 compares the variance of sum of contributions between groups in the PG and the
TPG. Looking at Table 3.4, the average sum of contributions in the TPGs varies between
0.45 to 0.61 and in the PGs, it varies between 0.26 and 0.46. Figure 3.3 depicts the aver-
age sum of contributions by players across studies. In this figure, in each TPG game the
variance has a peak at the threshold and has smaller peaks around it. However, in the PG
games the sum of contributions are spread out along the interval [0,1].
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Figure 3.3: Normalized sum of contributions by study

For more details, Tables B.4 and B.5 in the appendix present the sum of contributions
made by groups of players across studies.

In the following, we use F-tests to compare the variance of contributions between these
games.

The results of the F-tests to compare the PG and TPG experiments are presented in
Table 3.5. The results show that first, this measure is never zero or equal in these games.
Second, the variance of sum of contributions in every PG is significantly higher than every
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TPG and therefore, H4 which states that for marginally fairness-concerned players, the sum
of the contributions in a group of players is higher in the PG than the TPG, is accepted.10

Experiments p-value f df

PG1 vs TPG1 p<0.0001 2.31 239,479

PG1 vs TPG2 p<0.0001 4.65 239,2159

PG1 vs TPG3 p<0.0001 6.22 239,1079

PG2 vs TPG1 p<0.0001 2.10 574,479

PG2 vs TPG2 p<0.0001 4.21 574,2159

PG2 vs TPG3 p<0.0001 5.63 574,1079

PG3 vs TPG1 p<0.0001 2.45 959,479

PG3 vs TPG2 p<0.0001 2.93 959,2159

PG3 vs TPG3 p<0.0001 6.59 959,1079

PG4 vs TPG1 p<0.0001 1.72 1399,479

PG4 vs TPG2 p<0.0001 3.46 1399,2159

PG4 vs TPG3 p<0.0001 4.63 1399,1079

Table 3.5: Variance ratio test of sum of contributions across studies

3.5 Conclusion

In this paper we investigated whether observing behaviour in different strategic con-
texts allows us to draw conclusions regarding the strength of individual fairness-concerns.
Fairness-concerns seem to play a role in individuals’ behaviour however, the effect is small
and it is highly affected by the structure of the interaction. We investigated the Nash equi-
libria of players across several strategic interaction settings where they have similar or
different roles. The extent to which subjects’ behaviour reflects fairness-concerns varies
across the different roles in strategic contexts. When they are in power positions, being fair
means giving up a part of their certain outcome and they prefer to ignore it. Also next to
fairness, the equilibria of a game are affected by an individual’s social-welfare-concerns.
In bargaining and market games, existence of social-welfare-concerns do not enter players’
preferences, while, they change players’ equilibria in the threshold and linear public-goods
games with and without punishment.

People indeed seem to try to minimize differences between their own payoffs and that
of others, but only when it is cheap and their payoffs do not suffer from it dramatically.

10We controlled these results with the Levene’s test of equal variances which produced the same significant
result (meaning the variances are significantly different).



Chapter 4

Cooperation in cultural context

4.1 Introduction

A lot of research emphasizes the exceptional ability of humans to cooperate, which
manifests itself in society’s core institutions, such as families, communities, organizations,
and states. Nevertheless, it remains a challenge for societies to find stable cooperative
arrangements when collective and individual interests diverge, and where the success of
such arrangements varies dramatically across societies. In order to explain this variety it
is obviously not enough to replace the concept of a self-interested homo economicus with
that of a cooperative homo reciprocans. It remains to be explained under what conditions
individuals cooperate successfully. The main objective of this study is to investigate the
impact of cultural factors on individuals’ cooperative behaviour. To be more specific, the
question is: are cultural patterns, as represented by individualism and collectivism as meas-
ured by Hofstede et al. (1991)1, reflected with individuals’ strategy choices in experimental
cooperation games?

There exist a huge body of cross-country experimental studies to understand the ef-
fect of culture on individuals’ behaviour. Some of the studies found significant differences
in individuals’ behaviour across all studied countries (e.g. Henrich et al., 2006; Gächter
and Herrmann, 2009; Herrmann et al., 2008; Henrich et al., 2005) or across a few of the
countries but not all of them (Balliet et al., 2011) and some others did not find any differ-
ence between countries in some behaviour but in some others. For instance, Roth et al.
(1991) show that market behaviour is the same but bargaining behaviour differs across
countries. They argue that this result supports the hypothesis that the differences in bar-
gaining behaviour among countries are not due to differences in languages, currencies, or
experimental designs but may tentatively be attributed to cultural difference. There is also a
meta-analysis by Johnson and Mislin (2011) on the trust game across 35 countries showing
that trustworthiness is significantly affected by methodological factors. The only difference
in behaviour between regions is that subjects send less in trust games conducted in Africa

1Even though the precision of these measures is questioned by some studies (e.g. Oyserman et al. (2002),
McSweeney (2002)), they provide one of the few measures of culture.
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than in those conducted in North America. The origin of these different results could be
the difference between the cultural parameters of these countries. These differences are
associated with the size of a society (e.g. Marlowe and Berbesque, 2008), the level of trust
in a society (e.g. Balliet and Van Lange, 2013) or what is perceived as "fair" in a society
(Henrich, 2000). The current study investigates the effect of a few cultural measures on
individuals’ cooperative behaviour in repeated prisoner’s dilemma games. More specific-
ally, if there is a significant difference in the level of cooperation of two (or two groups of)
countries, what is the reason behind it? Could this difference be explained by the difference
between their cultural parameters?

The prisoner’s dilemma is a game which gives a good measure of conflict between
free-riding and cooperation. While mutual defection is the unique Nash equilibrium of a
one-shot version of this game, there does not exist such a straightforward prediction when
the same game is played repeatedly. The Folk Theorem in repeated games shows that
in repeated games everything between mutual cooperation and mutual defection could be
supported as a Nash equilibrium, depending on the beliefs of the involved players.

We start from the hypothesis that culture expresses itself in an individuals’ belief about
which equilibrium strategy will be played in repeated interactions. As an example we refer
to a historical case provided by Greif (1994) of the effect of culture on strategic behaviour
of individuals. Greif (1994) describes merchants in the 11th and 12th centuries, who needed
to hire agents to take care of their merchandise in other cities. However, these agents could
cheat on them and merchants needed to decide about punishing the defectors. Merchants
in two different regions developed two different strategies: Maghribis traders, in a culture
that was more collectivistic, were more likely to punish defectors collectively by not hiring
them ever after, while Genoese traders, in a culture that was more individualistic, punished
defectors once and then gave them another chance to be hired and enter the market again.
Interpreting this example as a repeated prisoner’s dilemma, the strategy of the collectivists
against defectors could be interpreted as a Grim-Trigger strategy, while the individualists’
strategy resembles Tit-for-Tat. This example suggests that in a collectivist society it may
be more likely that cooperation evolves because defectors are punished more strictly than
in a individualist society.

We studied 111 repeated prisoner’s dilemma (RPD) games, derived from 45 experi-
mental studies conducted in 13 countries. About half of the studies were conducted in
countries other than United States such as Germany, Italy, UK, the Netherlands, Sweden,
Spain, Canada, Switzerland, Bulgaria, China, Japan and Taiwan. We analysed the data
at collectivist-individualist regional level according to their scores on a cultural variable
i.e. Individualism (IDV) as introduced by Hofstede et al. (1991). Next to IDV, Hoftede’s
cultural measures includes five other parameters: Power distance index (PDI), Masculinity
(MAS), Uncertainty avoidance (UAI), Pragmatism (PRAG) and Indulgence (IND). After-
wards, we discuss and test the effect of each of these parameters on the cooperation rate.
Trust, used in this study as an additional cultural variable, is derived from the World Value
Survey (WVS).
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Next to cultural variables, we used a number of methodological factors such as payoff,
the presence of monitoring, matching, the number of rounds in finite games, the continu-
ation probabilities in indefinite games, the length of the experimental sessions, and the
anonymity of subjects as control variables.

We study cooperation as a dependent variable on two different levels: average first
round cooperation rate (AFC) and average total cooperation rate (ATC) of all rounds. AFC
is expected to reflect the cultural belief about which strategy will be played because at the
beginning of a game, an individual’s play is not influenced by results of previous rounds and
each player’s decision reflects their default strategy. As the Grim-Trigger strategy sustains
cooperation for a larger set of discount factors than Tit-for-Tat, we expect to see higher
ATC rates in collectivist countries than in individualist countries.

The contribution and the results of this study could be summarized as follows. Meth-
odological parameters of repeated games such as monitoring, matching, horizon of a game,
time and risk have significant impacts on both AFC and ATC and the signs of the coeffi-
cients are as expected. However, our findings show no cultural differences in cooperation
rates (both ATC and AFC) between countries when we aggregate countries based on their
cultural measures as defined by Hofstede’s (1991) measures of individualism.

There are two interpretations for these findings: First, in the modern world, in which
individuals are very mobile and subject to multiple influencing factors, culture could be an
individual variable. To better understand the explanatory power of cultural variables for
individual behaviour, it might be better to measure them simultaneously with behaviour on
the individual level. Possibly the relevant cultural dimensions that influence strategy choice
in laboratory experiments with university students are not well defined by national borders.
Second, alternatively, some studies suggest that collectivism refers to specific communit-
ies within a society, in the sense that collectivistic individuals behave very cooperatively
only towards other members of their community but not towards individuals outside that
community. This would imply that the effects of collectivism on individual behaviour are
not properly captured in laboratory experiments with anonymous participants. Thus, as
showed by some experimental studies, culture is defined as "like-mindedness of the group
members" and "conformism" (Gächter and Thöni, 2005; Boyd and Richerson, 2005).

This paper is related to a number of prior studies which addressed a similar question. An
indication that cooperation is low in lab experiments in collectivist countries was provided
by the study of Herrmann et al. (2008). The authors found that antisocial punishment
was harsher, thus cooperation is more stable in participant pools from societies with weak
norms of civic cooperation and a weak rule of law. Also in a field experiment, Marcus
and Le (2013) analyse the behavioural differences in collectivistic and individualistic cul-
tures on three different levels: societal, organizational and individual. The results showed
that more collectivistic individuals are less likely to cooperate, whereby organizational cul-
ture is more strongly related to cooperation in collectivistic as opposed to individualistic
societies.

The public-goods game is a generalization of the prisoner’s dilemma to groups of vari-
ous size. Both of these games require additional factors to overcome the free-riding beha-
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viour and increase cooperation. This can be obtained, for example, in presence of repeated
interactions or by adding punishment or reward. Almost all studies on punishment agree
on the substantial influence of punishment on promoting cooperation (Fehr and Gächter,
2000a; Fehr and Gächter, 2002; Dreber et al., 2008). Balliet et al. (2011) showed that the
effect of punishment on cooperation rates varies across different countries and in another
study, Balliet and Van Lange (2013) showed that in societies with high a level of trust
punishment is more influential than in societies with a low level of trust. Marlowe and
Berbesque (2008) showed that subjects from larger and more complex societies engage in
third-party punishment more than subjects from small societies.

Apart from culture, the methodological factors of a game affect the cooperation rate
in RPDs as expected. For example, in a meta-analysis study Sally (1995) investigates the
effect of methodological factors on individual’s decision making in RPD games and shows
that a large number of variables such as number of rounds, communication, temptation and
payoff influence the cooperation rate. More recent studies confirm the effect of method-
ology on decision making in RPD games. For instance, cooperation rate in prisoner’s
dilemma is lower where players are being matched randomly after each round of a game
(Duffy and Ochs, 2009; Yang et al., 2007). Presence of monitoring (by either the other
players or a third party) enhances the cooperation rate (Sutter et al., 2009; Matsushima
et al., 2011; Rapoport et al., 1995). Regarding the effect of horizon of a game on the co-
operation rate, results are different. While, Bigoni et al. (2015) show that cooperation is
easier to achieve and sustain with finite horizons than with indefinite ones, Fréchette and
Yuksel (2013) found the highest levels of cooperation relates to the repeated games with in-
definite horizons, and Normann and Wallace (2012) and Embrey et al. (2014) showed that
random termination does not increase the cooperation rate and finite and indefinite games
have the same cooperation dynamics.

The remainder of this paper is organized as follows: In Section 4.2, we briefly present
the theoretical predictions. Data collection, explanatory variables and their characteristics
are described in Section 4.3, followed by descriptive statistics in Section 4.4. Section 4.5
will cover the meta-analysis, and Section 4.6 studies the robustness of our findings with
data from trust games. Finally, Section 4.7 discusses the results and Section 4.8 concludes
with addressing the general findings of this research.

4.2 Hypothesis development

The standard prisoner’s dilemma is a single-shot 2x2 game in which each player can
either cooperate (C) or defect (D). Since players are always better-off by defecting, mutual
defection is the strict dominant strategy of this game while it is not efficient because, if
both players cooperate they end up with higher payoffs. However, if the same game (illus-
trated in Figure 4.1) is played repeatedly with an uncertain end, it has no dominant strategy
anymore. Each player tries to maximize the present value of his total payoff by choosing a
strategy based on his belief regarding the other player’s strategy. Maskin (2010) calls this
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conditional cooperation. For instance, player 1 sticks to a rule in which he chooses C as
long as player 2 chooses C, and once player 2 defects, player 1 will punish him by choosing
D for N periods and then return to C.

2
C D

1
C R,R S,T
D T,S P,P

T > R > P > S

Figure 4.1: The prisoner’s dilemma

If a player j is believed to play such a strategy, the discounted payoff of a player i, if he
always cooperates, is VC

i = R
1−δ

, where 0 ≤ δ ≤ 1 represents the player’s discount factor.
The discounted payoff of the player i who deviates once is:
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For cooperation to maintain VC
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i has to hold, i.e. the discounted payoff of the
player i from defecting once should be less than his payoff from always cooperating:
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Knowing that ∑
N
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we can calculate T from Equation (4.1):
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If N → ∞, limN→∞ δ N = δ N+1 = 0. Using this in Equation (4.2) leads to δ > (T −
R)/(T −P). If N = 0 cooperation is never an optimal strategy because then in Equation
(4.2), T < R. This contradicts T > R in the PD. Thus, cooperation is easier for longer
punishment periods N, a smaller payoff of unilateral defection T , and a larger discount
factor δ .

Translating this to Greif’s example, the (individualistic) Geneoese merchants did not
care if another merchant gets cheated upon and thus chose a strategy where the length of
punishment N is short, while the (collectivistic) Maghribis merchants collectively refused
to hire a defecting agent ever again and thus chose a strategy where the punishment period
is infinitely long, i.e. N → ∞. The strategy of the former is thus interpreted as "Tit for
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Tat", assuming that each cheating agent in Genoa was instantaneously substituted by a new
agent, and the strategy of the latter is interpreted as "Grim Trigger". This allows us to
formulate our first and central hypothesis:

Hypothesis 5. In collectivistic societies the cooperation rate is higher than in individual-
istic societies.

Next, we turn to a few methodological factors that have been shown to affect cooperat-
ive behaviour in previous studies on the RPD. First we can derive measures that capture a
player’s incentive to defect. For the case of N → ∞, Snijders and Keren (2001) defined a
player’s temptation to defect as measured by T−R

T−S . It can be shown that the critical discount
factor, δ , increases and therefore cooperation decreases the larger temptation.

Hypothesis 6. The cooperation rate is decreasing in the value of temptation.

Next to temptation, Snijders and Keren (2001) also defined a player’s risk to be cheated
upon, measured by P−S

R−S .2 When risk is large, players are less likely to cooperate. It can be
shown that people cooperate less in games with higher risks.

Hypothesis 7. The cooperation rate is decreasing in the value of risk.

The frequency of interactions is another factor which has been shown to have an effect
on cooperation rates. Players find it easier to sustain cooperation when they can react to a
deviation more quickly. To test this, assume a group of M players where every two players
meet each other once every τ periods and assume that all players cooperate in the game
except for player 1 who deviates only once when he plays with player 2 and continues
cooperating with others ever after. Player 2 will punish him for N interactions. However,
since they meet each other infrequently every τ periods, player 1’s discounted payoff is as
follows:

R(1+δ
τ +δ

2τ + ...)>
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T +

N

∑
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δ
tτP

)
1

1−δ (N+1)τ (4.3)

if N → ∞, limN→∞ δ N = δ N+1 = 0. Using this in Equation (4.3) leads to δ > (T −
R)/(T −P)

1
τ . Hence, when players interact continuously without any interruption (hence

τ = 1) the critical discount factor δ is smallest and cooperation is easier to sustain.

Hypothesis 8. Cooperation rates are higher in a game in which players interact continu-
ously without any interruption.

2Note that Mengel (2014) used slightly different measures of risk (| P−S
P+S |) and temptation (| T−R

T+R |).
However, in about 40% of our treatments S = 0 and risk = 1. Thus, we use Snijder and Keren’s (2001) where
a small change in the payoff function reflects on players’ risk and temptation.
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4.3 Data collection

In this section, we report our data collection strategy, which ultimately lead to a set
of 45 studies and 111 experiments of RPD across 13 different countries, and in total more
than 6000 participants. To maximize the consistency across studies, we included only those
studies that used the following experimental protocols:

• repeated games which are either finite or indefinite.

• games with exogenous and random matching strategy, either at the beginning of a
game or between rounds, or between supergames.

• games without a punishment option.

• games where players move simultaneously.

• games with symmetric payoffs for all players during all rounds of a (super) game.

• games where subjects are recruited from a student population (mostly undergradu-
ate or graduate students from different disciplines like Economics, Business, Law,
Sociology or Psychology).

• incentivized games where payments are based on the individuals’ decisions and in
real money.

We excluded a large number of experiments in which players played some variations of the
RPD which did not satisfy the above criteria.3

We searched several databases for published studies, including Google Scholar, Econ-
Lit, Web of Science, and BASE (Bielefeld Academic Search Engine). Furthermore, we
searched the references of all relevant articles for studies. We also posted a request in
the "ESA Experimental Methods Discussion" group (http://groups.google.com/group/esa-
discuss), which asked for experiments on the RPD that were not already included in our list
of studies. Applying the above mentioned criteria to identify relevant studies brought us a
total of 45 studies that contained 111 experiments. See Table C.7 in the Appendix.4

3Single-shot games; games where the payoff matrices are n×n or n×m with m,n> 2 (Halevy et al., 2008),
i.e. all games in groups of more than two players, as well as games on networks; games where players had
the chance to communicate before or in between the experiment; games where subjects were playing against
a computer (Sautter et al., 2007), a computer played against a computer, subjects did not know whether they
play against a human or a computer, or where with some probabilities the opponent was a computer; noisy
games, i.e. each player faces a situation in which a cooperative action could accidentally be changed into a
defective action and vice versa (Van den Bergh and Dewitte, 2006); games where the selection of subjects
was not random, e.g. players had a chance of unilateral and mutual partner selection (Hauk and Nagel, 2001).

4All information provided in this study is extracted from the papers and articles. When the required
information, e.g. ATC or the average payoff of each player, is not mentioned explicitly in the study, the
variables were calculate through other information or graphs provided in the paper. Consequently, in few
cases there might be slight differences between the precise measures and calculated measures of the average
cooperation rate and the average payoff of each player.
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The typical RPD experiment proceeds as follows. Participants are grouped in pairs
of two. In every round, both members of a group simultaneously make their decision
about whether to cooperate (C) or to defect (D). At the end of each round, participants
are informed of their group member’s decision. The game is played for several rounds,
either in a partner design (with the same group members) or in a stranger design (with
random assignment to a new group in each round). The number of rounds is either fixed to
a given number of rounds (finite), or is randomly determined (indefinite), and announced
respectively at the beginning of the experiment. Participants play either one such repeated
game or a sequence of several repeated games.

The central dependent variables are derived from the participants’ decisions in the first
round of each repeated game, as well as from the participant’s decisions throughout the
entire game:

Average first round cooperation (AFC), i.e. the mean cooperation rate of all players in
the first round of each game.

Average total cooperation (ATC), i.e. the mean of cooperation of all players during the
whole game.

Although the studies included in the meta-analysis all satisfied the above mentioned cri-
teria, the studies varied by the experimental payoffs, number and method of iterations,
number of participants, whether the participants continued to remain in the same group
throughout the experiment or were reassigned to a new group for each round. We coded
these study characteristics, as described below, and controlled for these between-study dif-
ferences when conducting our analyses.

Payoff matrix includes payoffs of mutual cooperation (CC), mutual defection (DD) and
cooperation by one of the players and defection by the other one (CD & DC). In
order to have the same range of values for each of these variables they are normalized.
These variables are used to calculate the measures of risk and temptation.

Number of rounds, a variable that applies only to finite games and reflects the number of
iterations.

Continuation probability, a variable that only applies to an indefinite game and reflects
the probability that a game continues to the next round.

Finite/Indefinite, a dummy variable that distinguishes between finite and indefinite re-
peated prisoner’s dilemma game.

Monitoring, a dummy variable that registers whether subjects were monitored either by
the other group member, or the experimenter, or by a third party.

Matching, a dummy variable that controls whether subjects are matched in a partner
design or in a stranger design (rematch after each round).
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Anonymity, a dummy variable that registers whether subjects have any specific inform-
ation about their group members or not. This information could be gender, age,
nationality, education, etcetera.

Time is the length of the whole session in minutes, i.e. the average time that subjects were
busy with each experiment.

Number of participants is the number of all subjects who participated in the experiment.

Normalized average payment (NAP) the average payment of each game is converted into
US dollars (for countries other than US), taking into account the purchasing power
of the original currency. We used GDP per capita as an index of a country’s wealth
and used the index provided by the World Bank (http://data.worldbank.org) for the
year 2008: NAP = Payo f f×100

GDP per capita .

We added for each study a number of cultural variables, i.e. six dimensions of national
culture as defined by Hofstede et al. (1991), and trust as measured by World Value Survey
(WVS):

Individualism (IDV) is defined as a preference for a loosely-knit social framework in
which individuals are expected to take care of only themselves and their immedi-
ate families.

Power distance index (PDI) expresses the degree to which the less powerful members of
a society accept and expect that power is distributed unequally.

Masculinity (MAS) represents a preference in society for achievement, heroism, assertive-
ness and material rewards for success.

Uncertainty avoidance (UAI) expresses the degree to which the members of a society feel
uncomfortable with uncertainty and ambiguity.

Pragmatism (PRA) describes how people in the past, as well as today, relate to the fact
that so much that happens around us cannot be explained.

Indulgence (IND) stands for a society that allows relatively free gratification of basic and
natural human drives related to enjoying life and having fun.

Trust is an index defined by WVS based on the question: "Generally speaking, would you
say that most people can be trusted or that you need to be very careful in dealing
with people" and possible answers are A: Most people can be trusted or B: You can
never be too careful when dealing with others.5 The trust index is formulated as
Trust = 100+(%A)− (%B).

5World Values Survey Wave 5: 2005-2009
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Collectivistic is a dummy variable that is equal to 1 when a country’s IDV score falls within
the interval (16,52), which is true for Taiwan, China, Bulgaria, Japan, and Spain, and
zero when it falls into (66, 92) which is the case for Germany, Switzerland, Sweden,
Canada, the Netherlands, UK, and the USA.

4.4 Descriptive analysis

Tables 4.1 and 4.2 present the descriptive statistics of the variables based on variables
and countries, respectively.

Obs Mean SD Min Max

Experimental variables

Average first round cooperation (AFC) 90 48.12 19.63 4.4 88

Average total cooperation (ATC) 108 40.91 22.32 2.8 88.4

Payoff of mutual cooperation (CC) 111 122.49 237.69 -12 900

Payoff of mutual defection (DD) 111 53.76 105 -18 570

Payoff of cooperation defection (CD) 111 6.27 19.98 -50 100

Payoff of defection cooperation (DC) 111 166.79 313.74 -10 1200

Number of rounds 43 16.65 12.68 2 50

Continuation probability 59 0.76 0.18 0.125 0.997

Finite/Indefinite 111 0.38 0.48 0 1

Monitoring 109 0.41 0.49 0 1

Matching 111 0.25 0.43 0 1

Anonymity 110 0.06 0.24 0 1

Time 82 77.04 35.06 20 240

Number of participants 107 164.99 142.28 20 520

Normalized average payoff 100 0.08 0.12 0.01 0.91

Country variables

Individualism (IDV) 13 76.17 20.38 17 91

Power distance index (PDI) 13 42.02 10.66 11 80

Masculinity (MAS) 13 61.88 13.84 5 95

Uncertainty avoidance (UAI) 13 54.68 15.32 29 92

Pragmatism (PRA) 12 49.53 26.42 26 93

Indulgence (IND) 13 57.48 14.77 16 78

Trust 13 76.62 13.93 38.7 134.5

Collectivistic 13 0.16 0.37 0 1

Table 4.1: Summary statistics of the variables in RPD
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As can be seen from Table 4.1 some observations are missing. For instance, in 21
games AFC was not mentioned. Moreover, because some of the games are finite and the
rest are indefinite, the number of observations for the variables continuation probability
and number of rounds should add up to 111, while it only is 102, implying that in total 9
observations are missing from these two variables.

Average number of rounds in each finite supergame6 is almost 17 and the average con-
tinuation probability of indefinite games is approximately 0.76. Further, more than 61% of
the games have an indefinite and 38% of them have a finite horizon.

In more than 41% of the games, subjects are monitored either by their opponent or by
a third party like the experimenter. In more than 25% (27 out of 111) of the games subjects
were matched with another player in the group randomly after each round. Anonymity is
offered in more than 93% of the games and only in 7 out of 111 games did players receive
some information about their opponents.

The length of sessions averages about 77% in the range of 20 to 240 minutes and the
number of participants in these games varies between 20 and 520 with normalized7 average
payoff of 0.08.

Finally, close to 16% of the games in the sample are conducted in collectivistic coun-
tries.

Country Nr. AFC ATC IDV PDI MAS UAI PRAG IND

Bulgaria 1 - 32 30 70 40 85 69 16

Canada 2 36 31.5 80 39 52 48 36 68

China 4 34 23.5 20 80 66 40 61 49

Germany 21 46.5 33.38 67 35 66 65 83 40

Italy 2 70.5 59.6 76 50 70 75 61 30

Japan 6 53.6 57.6 46 54 95 92 88 42

Netherlands 3 41 23.9 80 38 14 53 67 68

Spain 4 43.3 36.65 51 57 42 86 48 44

Sweden 1 49 50.5 71 31 5 29 53 78

Switzerland 2 36 25 68 34 70 58 74 66

Taiwan 2 - 19 17 58 45 69 93 49

UK 6 - 50.4 89 35 66 35 51 69

USA 55 49.6 44.7 91 40 62 46 26 68

Table 4.2: Descriptive statistics by country in RPD

6A supergame is an iterated single-shot game with same features each round.
7The normalized average payoff is the original payoff rescaled to a range of [0,1]. Each value on the

normalized variable shows the difference of the original value from the mean of the original variable divided
by the standard deviation of it.
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The descriptive statistics by country are shown in Table 4.2 with more details. Table
4.2 reveals that there is a lot of heterogeneity between cooperation rates across countries.
Note that these are univariate comparisons and that the differences in averages could also be
driven by methodological differences rather than by cultural differences. A meta-regression
framework (with random study effects) allows us to relate variations in the cooperation
rates to variations in culture, rather than only comparing the levels of averages. In the next
section the results of the meta-regression will be described. A meta-regression enables us
to combine the results of all 111 observations and gives us a chance to synthesize all these
data and have a rigorous comparison between them.

Note that meta-regression methods are similar to normal regressions. In both methods
an effect size is predicted based on the values of explanatory variables. The main difference
between the two models is that meta-regression allows for residual heterogeneity among
intervention effects not modelled by the explanatory variables. This gives rise to the terms
"random-effects meta-regression" and "fixed-effects meta-regression". Under the fixed-
effect model we assume that there is one true effect size which underlies all the studies
in the analysis, and that all differences in observed effects are due to sampling error. By
contrast, under the random-effects model we allow that the true effect could vary from study
to study (Borenstein et al., 2011). In the current study we assume that the experimental
studies are heterogeneous and therefore, the random-effect model is used in our meta-
regression. We use STATA to undertake random effects meta-regression using the restricted
maximum likelihood (REML) method.

4.5 Hypothesis testing

4.5.1 Repeated prisoner’s dilemma games

After defining variables and set ATC and AFC to serve as dependent variables the
ground work is now to conduct two meta-regressions. The results are summarized in Table
4.3 with ATC as the dependent variable, and in Table 4.4 with AFC as the dependent vari-
able.8 I2 values corresponding to each specification indicate high heterogeneity between
studies. More than 99% of the variability observed among the studies cannot be explained
by chance.

According to Table 4.3, except for MAS (which is significant at 5% level) there is no
relation between Hofstede’s cultural measures and ATC. This result also holds for the trust
measure from the WVS. As it is already explained using Hofstede individualism measure,
the data is divided into two categories of collectivistic and individualistic regions. However,
in column 3 the effect of this measure on ATC is insignificant. The estimates in Table 4.3
are, therefore, inconsistent with H5 which states that in collectivistic societies ATC is higher
or in general is different from individualistic societies.

8For the robustness check we repeat the analysis for RPDs in Tables C.1 and C.2 for country/continent/re-
gion levels in the Appendix.
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In contrast to culture, design of a game can decrease or increase cooperation rate. The
variable "Finite/Indefinite" is a dummy variable which is 1 for finite games and it is 0 for
indefinite ones. Only in the second specification of Table 4.3, ATC in the finite games is
significantly (10.18 points) higher than in the indefinite games.

Temptation and risk test H6 and H7. While the effect of temptation on cooperation rate
is insignificant and H6 is clearly rejected, risk is highly significant and it has the strongest
effect on ATC. The coefficient shows that between 37 and 50 points of change in ATC
can be expected between situations with the most and the least extreme risk levels (95%
coefficient interval between -63.71 and -13.29). This result is a support for H7 which means
that when the risk measure in a game is high people deviate from cooperation strategy more
often.

Matching9 is the other variable which is significant in all the specifications of Table 4.3.
This dummy variable is equal to 1 if players are randomly matched after each round of a
supergame, otherwise it is 0. This factor has a negative and relatively large effect on ATC.
Its coefficient is between -8.67 and -20.90 which means that "random-matching" strategy
is associated with at least 8.67 points lower ATC (95% coefficient interval between -18.33
and 1.00). We interpret this as strong support for H8.

In Table 4.3, monitoring enhances cooperation and it is highly significant in all columns.
This dummy variable is 1 if a player’s behaviour is monitored and otherwise it is 0. Its
coefficient shows that monitoring is associated with at least 11.95 points change in ATC
(95% coefficient interval between 7.5 and 25.5).

The average cooperation rate is significantly influenced by the pie-size. One unit change
in the pie-size is associated with at least 39.81 percentage point decrease in ATC (95%
coefficient interval between -7.8 and -78.03).

Finally, time is highly significant and one unit increase in the time the ATC increases
by 39 percentage point (95% coefficient interval between 0.22 and 0.54). Note that, time
is measured in minutes and from the summary statistics we know that time varies between
20 and 240 minutes. Therefore, for experiments with long sessions, time could be highly
effective.10

In Table 4.4, AFC is the dependent variable, and we see that the is no relationship
between the cultural measures including collectivism and AFC. This result confirms the
rejection of H5 as already shown in Table 4.3.

When analysing the effect of the design of a game on AFC, we find that unlike ATC,
the horizon of a game has no effect on AFC.

Risk in Table 4.4 is highly significant. The large negative impact of risk on AFC is
between 52,34 and 66.28 points change (95% coefficient interval between -80.72 and -
30.23). We interpret this as strong support for H7. However, temptation is again ineffective
and H6 is being rejected.

9Games with random matching are added because usually the number of players in each session is limited
and in a supergame, players might meet again. Also, Tables C.5 and C.6 in the appendix the analyses are
replicated for the smaller set of studies which excludes these games.

10We did not add variable time to all the models because adding time to a model decreases the number of
observations by 20 units.
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The effect of matching on AFC is the same as its effect on ATC. The movement of this
variable from 0 (no-matching) to 1 (random-matching after each round) is associated with a
20 points change in AFC (95% coefficient interval between -32.31 and -9.08). This repeats
our finding in Table 4.3 and is another confirmation of H8.

Monitoring which had a positive effect on ATC, has no effect on AFC. Also anonymity
and pie-size are have no effect of AFC.

Time is highly significant and it enhances AFC so that increasing a session’s time for
one minute, increases AFC by 28 percentage points (95% coefficient interval between 0.09
and 0.41).

Methodological factors change cooperation rates (both ATC and AFC) as expected
while, cultural variables do not influence cooperation rates.

4.5.2 Indefinite repeated prisoner’s dilemma games

The previous section presented the effect of cultural and methodological factors on co-
operative behaviour in all finite and indefinite RPDs together. Since the theory presented in
Section 4.2 assumed an indefinitely or even infinitely repeated interaction between players,
we repeat the analysis with only indefinite RPDs, in order to check the robustness of our
findings.11

Tables 4.5 and 4.6 summarize the result of the analyses. Like the previous section, I2

values corresponding to each specification indicates high heterogeneity between studies.
One control variable which is new in Tables 4.5 and 4.6 is the continuation probability

(the probability that the game will be continued to the next round). Both Tables 4.5 and 4.6
show that this variable is significant and has a positive effect on both of the dependent vari-
ables, although the effect on ATC is larger that AFC. After risk, the continuation probability
has the biggest effect on individuals’ cooperative behaviours in indefinite RPDs. Its coef-
ficients are 41.33 in Table 4.5 and 33.02 in Table 4.6. Which means that a 1% increase in
the continuation probability is associated with 0.41 percentage points in ATC (95% coef-
ficient interval between 0.19 and 0.62) and 0.33 percentage points change in AFC (95%
coefficient interval between 0.07 and 0.64).

The same as before, matching, monitoring, time and risk have significant effects on
ATC in indefinite RPDs. Also, risk has a strong negative effect on AFC in indefinite games.
However, the effect of time and matching strategy on AFC depicted in Table 4.4 is less
strong in the estimations presented in Table 4.6.

Testing the hypotheses for only indefinite RPDs results in the similar findings as Section
4.5.1 where finite and indefinite game were tested together. This is in line with the findings
of Hennig-Schmidt and Leopold-Wildburger (2014) that the dynamics of cooperation and
defection in games with indefinite horizon are like finite ones and cooperation rate decreases
over periods of a supergame. In fact, participants turn the indefinite-horizon situation into
a finite-horizon situation.

11For the robustness check we present the analysis for finite RPDs in Tables C.3 and C.4 in the Appendix.
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Considering the effect of culture on cooperation rates in indefinite RPD games, the
variable Collectivist in Table 4.5 is significant at 5% level which means that ATC is higher
in more individualistic societies. This result contradicts H5.

Note that in Table 4.5 PDI and in Table 4.6 PDI, UAI, MAS and IND are dropped
because of collinearity and in order to predict the effect of these variables on ATC and AFC
in indefinite RPDs more data are required.

4.6 Trust game

The trust game (TG) is another representation of social interactions between two players
(trustor and trustee), who decide to take actions without communication. The incentives in
the TG are comparable to the PD and therefore, the theory should still hold. Hence, looking
at a trust game can serve as a robustness check.

TG is a sequential game where the first player (trustor) receives an endowment and
decides between cooperation (C) and no-cooperation (D) with the second player (trustee).
The game ends if the trustor chooses no-cooperation. When the trustor chooses to cooper-
ate, the trustee decides between cooperation (C) and defection (D).12

j
C D

i
C Ri,R j S,T
D Pi,Pj Pi,Pj

Ri > Pi > S

& T > R j > Pj

Figure 4.2: The trust game

The sub-game perfect Nash equilibrium is characterized by "no cooperation" by the
trustor. However, when the game is being played repeatedly a conditional cooperation
holds for players. Again, each player tries to maximize his expected payoff based on his
belief regarding the other player. For instance, the trustor (i) sticks to the rule in which he
chooses C as long as the trustee ( j) chooses C and once the trustee defects, the trustor will
punish him by choosing D for N periods and then returns to C. If player j is believed to play
such a strategy, the discounted payoff of a player i, if he always cooperates, is VC

i = Ri
1−δ

,
where 0≤ δ ≤ 1 represents the player’s discount factor. Player i has no incentive to deviate,
as VC is always larger than V D because Ri > Pi. The situation is different for the trustee,
player j: assuming that player i plays a trigger strategy as described above, the discounted
payoff of a player j who deviates once is:

12In the repeated version of the trust game, the conditions for the Grim Trigger or the TFT strategy to be
a Nash equilibrium are the same for the investment game and the analysed binary trust game, although the
investment game has a larger strategy set. This is because both, under the harshest punishment for deviation
as well as under the most lenient punishment, one can show that in a Nash equilibrium the truster will only
use either full investment or no investment at all. The same holds for the trustee who either sends back all or
nothing at all.
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V D
j = T +

N

∑
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δ
tPj +δ

N+1V D
j

or,

V D
j =

(
T +

N

∑
t=1

δ
tPj

)
1

1−δ N+1

For cooperation to maintain VC
j >V D

j has to hold, i.e. the discounted payoff of a player
j from defecting once should be less than from always cooperating:

R j

1−δ
>

(
T +

N

∑
t=1

δ
tPj

)
1

1−δ N+1 (4.4)

Knowing that ∑
N
t=1 δ tPj =

Pjδ (1−δ N)
1−δ

, we can calculate T from Equation (4.4):

R j

1−δ
>

(
T +

Pjδ (1−δ N)

1−δ

)
1

1−δ N+1

T <
R j(1−δ N+1)−Pjδ (1−δ N)

1−δ
(4.5)

Note that if N → ∞, limN→∞ δ N = δ N+1 = 0. We can then rearrange Equation (4.5)
to get δ > (T −R j)/(T −Pj). If N = 0 cooperation is never optimal because the condi-
tion in Equation (4.5) becomes T < R j, which contradicts T > R j in TG (see Figure 4.2).
Thus, cooperation is easier to sustain for longer punishment periods N, a smaller payoff of
unilateral defection T , and a larger discount factor δ .

Therefore, H5 as formulated for RPD is expected to hold for TG as well. Also Snijders
and Keren’s (2001) measures of risk for the trustor and temptation for the trustee can be
measured for TG.13 As a results we can test H6 only for trustee and H7 only for trustor.

Further, it is straightforward to show that also in the TG it holds that when players can
react to deviations more quickly. Hence, H8 can also be tested for TG.

Note that, the theory above is for simplicity described as the trust game with a binary
choice for both players, while the choice variables in the data is a continuous variable
(sometimes called investment game).

4.6.1 Data collection

In this section we introduce the data for the TG drived from a meta-analysis on trust
games by Johnson and Mislin (2011). This study includes 162 TG experiments across 35
countries. To have more compatible data with the data from RPD some observations are
removed from their list of observations as follows:

13The TG payoff matrix in Figure 4.2 is not symmetric and there is no payoff (T ) for the trustor and
no payoff (S) for the trustee. That’s why measuring temptation for the trustor and risk for trustee is not
meaningful.
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• studies with random payments, where payments were not based on individual efforts.

• studies with non-real payments.

• studies where subjects play against a computer.

Eventually, we ended up with 107 treatments across 29 countries.
While the cultural variables are exactly the same as described in the previous section

for the RPG, the remaining variables are described n the following. The methodological
variables in the analysis are as follows:

The two dependent variables are derived from the decisions of a trustors and a trustees
throughout the entire game:

Average amount sent (AAS), i.e. the mean percentage of a endowment that a trustor sends
to a trustee.

Average amount returned (AAR), i.e. the average percentage of fund that a trustee returns
to a trustor.

The independent variables are:

Trustor endowment, is the amount of money sender receives in the beginning of the game
in US dollar.

Trustee endowed, in the standard trust game trustees receive no endowment however, in
some variations of the game trustees might be endowed with some money which
is mostly less that the amount of endowment trustors receive. This variable is 1 if
trustees receive any endowment at the beginning of the game and otherwise it is 0.

Rate of return, is the ratio by which the money sent by trustor will be multiplied before
being sent to the trustee. This measure is either 2 or 3 for all the experiments in this
sample.

Monitoring, is exactly the same as in the previous section, that is to say, monitoring is a
dummy variable which shows whether players were observed either by their oppon-
ents or by a third party like the experimenter.

Anonymity, is a dummy variables that indicates whether players have any specific inform-
ation about their group member or not.

Play both roles, is a dummy variable that controls whether players played both roles as
a trustor and as a trustee during the game or they played either as a trustor or as a
trustee.

Unfortunately, the data provided by Johnson and Mislin (2011) does not include the payoff
matrices of players in various games and therefore, calculating risk, temptation and pie-size
is not possible. Therefore, we continue the analysis without these variables.
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4.6.2 Descriptive analysis

Tables 4.7 and 4.8 present the descriptive statistics of the observations based on vari-
ables and countries, respectively.

Variable N Mean SD Min. Max.

Experimental variables

Average amount sent (AAS) 107 53.43 13.04 22 89

Average amount returned (AAR) 97 104.09 29.26 28 161

Trustor endowment 107 8.096 6.50 0.18 44.94

Trustee endowed 107 0.66 0.47 0 1

Rate of return 107 2.92 0.42 2 3

Monitoring 107 0.74 0.44 0 1

Anonymity 107 0.96 0.19 0 1

Play both roles 107 0.16 0.36 0 1

country variables

Individualism (IDV) 29 63.85 25.55 13 91

Power distance index (PDI) 29 47.88 18.46 11 93

Masculinity (MAS) 29 55.93 16.39 5 95

Uncertainty avoidance Index (UAI) 29 57.83 16.18 29 95

Pragmatism (PRA) 27 54.32 19.06 16 87

Indulgence (IND) 25 48.21 23.35 13 100

Trust 22 75.24 23.3 13.8 134.5

Collectivistic 29 0.32 0.47 0 1

Table 4.7: Summary statistics of the variables in TG

In Table 4.7, AAR is missing for 10 treatments. The average endowment a trustor re-
ceived is about 8 dollars and in more than 66% of the games the trustee received some
endowment. As mentioned before the rate of return in all the games varies between 2 and
3 and it averages 2.92 within all the games. In more than 74% of the game players were
monitored either by their group members or by the experimenter. Further, anonymity holds
for about 96% of the experiments. Subjects played both as a trustor and a trustee in about
15% of the games. Finally, from the 29 countries in this study about 32% (10 countries)
were countries with collectivistic features.

Table 4.8 depicts the dependent and cultural variables in TG for each of the countries
in more details.
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Country N AAS AAR IDV PDI MAS UAI PRAG IND

Argentina 1 57 103 46 49 56 86 20 62

Australia 1 43 95 90 36 61 51 21 71

Austria 5 62.8 114.2 55 11 79 70 21 71

Bangladesh 4 46.25 133.75 20 80 55 60 47 20

Brazil 2 71 90 38 69 49 76 44 59

Bulgaria 2 56.5 117.5 30 70 40 85 69 16

Canada 4 59.5 87.25 80 39 52 48 36 68

China 5 56.2 118 20 80 66 40 61.8 49.2

Colombia 1 50 118 13 67 64 80 13 83

France 6 39.66 96.33 71 68 43 86 63 48

Germany 13 51.30 103.5 67 35 66 65 83 40

Honduras 1 49 126 20 80 40 50 . .

India 1 49 87 48 77 56 40 51 26

Israel 1 58 135 54 13 47 81 38 .

Italy 7 41.42 81.14 76 50 70 75 61 30

Japan 1 69 95 46 54 95 92 88 42

Kenya 4 38.5 97 27 64 41 52 . .

South Korea 1 67 88 18 60 39 85 100 29

Netherlands 4 52 89.25 80 38 14 53 67 68

New Zealand 2 49.5 65 79 22 58 49 33 75

Peru 1 46 111 16 64 42 87 46 .

Russia 1 50 116 39 93 36 95 81 20

South Africa 3 47 75 65 49 63 49 34 63

Sweden 3 63.66 105.33 71 31 5 29 53 78

Switzerland 1 66 160 68 34 70 58 74 66

Tanzania 2 54.5 124.5 27 64 41 52 34 38

UK 1 56 81 89 35 66 35 51 69

USA 27 59.96 110.23 91 40 62 46 26 68

Vietnam 2 34 . 20 70 40 30 57 35

Table 4.8: Descriptive statistics by country in TG
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4.6.3 Analysis

The results of the regressions are summarized in Table 4.9 where AAS serves as the
dependent variable and Table 4.10 where AAR serves as the dependent variable.

In both tables the effects of culture on the dependent variables is insignificant both on
the country level and when countries are grouped by individualist/collectivist. Thus, H5,
which states that in collectivistic societies the cooperation rate is higher (and in general
different) than in individualistic societies, will be rejected again.

Sender endowment has a significant and positive effect on AAS and trustors offer more
when they are endowed more. Each unit increase in the trustors’ endowment increase AAS
between 0.67 and 0.96 percentage points.

The last effective variable is the dummy variable indicating whether subjects played
both roles. In the first two specifications of the Table 4.9 playing both roles decreases AAS
by at lease 7.83 points.

Anonymity is the dummy variable with the biggest effect on AAS. It is 1 when players
are anonymous and 0 otherwise. In all the specifications of Table 4.9, AAS is significantly
lower when anonymity is offered and AAS is at least 15.94 units lower in games with an
anonymous setting.

(1) (2) (3)
Coefficient SE Coefficient SE Coefficient SE

Trustor endowment 0.96 ∗∗ 0.31 0.72 ∗ 0.28 0.67 ∗ 0.29
Trustee endowed -4.80 3.82 -6.19+ 3.63 -4.632 3.72
Rate of return 3.14 3.07 2.67 3.04 3.00 3.21
Monitoring -0.38 3.26 -0.37 3.09 -1.31 3.266
Anonymity -16.84 ∗ 7.91 -15.74 ∗ 7.57 -21.27 ∗ 8.96
Play both roles -9.88∗ 4.15 -7.83 ∗ 3.85 -5.613 3.97
Trust 0.244 0.14
Collectivist -5.45 4.47
IDV -0.01 0.12
PDI -0.07 0.18
UAI -0.16 0.15
MAS 0.05 0.15
PRAG 0.09 0.13
IND 0.23 0.20
Constant 50.25∗∗∗ 11.96 62.63∗∗∗ 11.54 56.40 + 37.61
N 82 107 98
Adjusted R2 30.15 26.26 29.32
I2 97.73 96.99 97.39
+ p<0.10, * p<0.05, ** p<0.01, *** p<0.001

Table 4.9: The effect of culture and methodology on AAS in TG experiments
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In Table 4.7, AAR is missing for 10 treatments. The average endowment a trustor re-
ceived is about 8 dollars and in more than 66% of the games the trustee received some
endowment. As mentioned before the rate of return in all the games varies between 2 and
3 and it averages 2.92 within all the games. In more than 74% of the games, players were
monitored either by their group members or by the experimenter. Further, anonymity holds
for about 96% of the experiments. Subjects played both as a trustor and a trustee in about
15% of the games. Finally, of the 29 countries in this study about 32% (10 countries) were
countries with collectivistic features.

(1) (2) (3)
Coefficient SE Coefficient SE Coefficient SE

Trustor endowment 0.51 0.62 0.36 0.49 0.33 0.55
Trustee endowed -3.35 8.14 -1.99 7.41 -4.89 7.99
Rate of return 17.41∗∗ 6.44 18.72 ∗∗ 6.22 19.56 ∗∗ 7.11
Monitoring 6.16 6.81 3.76 6.24 2.00 6.92
Anonymity -7.53 15.03 -4.54 13.92 -2.24 17.59
Play both roles -30.32∗∗∗ 8.26 -27.88∗∗∗ 7.51 -27.97∗∗∗ 8.02
Trust 0.20 0.24
Collectivist 11.34 7.24
IDV -0.26 0.20
PDI 0.09 0.30
UAI -0.25 0.25
MAS 0.12 0.23
PRAG 0.08 0.23
IND 0.16 0.35
Constant 51.53 ∗ 24.16 50.25 ∗ 23.06 59.85 64.58
N 74 97 88
AdjustedR2 23.86 24.25 19.19
I2 99.50 99.33 99.43
+ p<0.10,* p<0.05, ** p<0.01, *** p<0.001

Table 4.10: The effect of culture and methodology on AAR in TG experiments

4.7 Discussion

The results explained in the previous sections have some important implications for the
effect of cultural and methodological differences on people’s behaviour in repeated social
dilemmas. The findings do not support the effect of culture on behaviour. We used two
groups of cultural variables in the study: the first one was Hofstede et al. (1991) cultural
dimensions and the second one was trust from the World Value Survey. None of these
variables show any significant effect on subjects’ cooperative behaviour. This might be
explained by the following:
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First, recently some studies widely criticized Hofstede’s measures for different reasons.
For instance, McSweeney (2002) says that the inaccurate assumptions lead to inaccurate
empirical descriptions regardless of the quantity of data used and Oyserman et al. (2002)
control the individualism-collectivism measure by doing a cross-national and within-United
States meta-analysis and criticizing the definition of individualism-collectivism.

Second, more than 90% of subjects in all the experiments are graduate and undergradu-
ate students who are mostly between 18-25 years old. In addition, most of the participants
are economics students. Previous studies show that economics training encourages the
view that people are motivated primarily by self-interest (Frank et al., 1996) and this leads
people to expect others to defect in social dilemmas (Marwell and Ames, 1981). Further-
more, Bauman and Rose (2011) show that economics students are less likely to donate to
social programs (they could donate on social health via WashPIRG and/or on education via
ATN) than other students. Also Henrich et al. (2010) argue that experimental subjects are
entirely drawn from Western, Educated, Industrialized, Rich, and Democratic (WEIRD)
societies and the members of WEIRD societies are among the least representative popu-
lations one could find for generalizing about humans. Finally, in a meta analysis on dic-
tator games Engel (2011) shows that people of student age give less than middle-aged and
elderly people. These studies show that culture is a system of knowledge, communication,
skills and motives which can be learned, no matter where each individual is located. People
could be physically far away from each other but receive similar education, access the same
information, confront the same challenges and behave similarly.

Third, in line with Ellingsen et al. (2012) we interpret culture as a social frame that
affects individual beliefs. Ellingsen et al. (2012) conducted experiments and showed that
frames significantly affect behaviour in social dilemma games by affecting individuals be-
liefs. Also the authors argue that individual’s preferences do not change when frames
change. Interpreting our findings in this light would suggest that the experiments in the
different studies did have a very similar frame that is more relevant than the cultural frame.

Looking at methodological differences across experiments, we found some positive and
negative effects on subjects’ cooperative behaviours.

In prisoner’s dilemma both single-shot and repeated games, the effect of monitoring
has been studied in various methods. Almost all these studies confirm that monitoring has
a positive effect on cooperation rate. These results are in line with previous results reported
by Matsushima et al. (2013), Aoyagi and Fréchette (2009), Matsushima et al. (2011) on the
effect of monitoring on total cooperation rate. However, it seems that it has no effect on
average first round cooperation rate which might be because subjects usually adjust their
strategies through trials and errors (learning) and they need some time to decide and to
understand the consequence of each strategy.

Both of the dependent variables in the repeated prisoner’s dilemma games are negat-
ively affected by matching which confirms findings of other studies such as by Duffy and
Ochs (2009) and Yang et al. (2007) where the effect of matching on cooperation rate in the
repeated prisoner’s dilemma games is investigated. The theory section argued that players
adhere more to the cooperation strategy if they have chances to react to a defector immedi-
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ately in the next round after a deviation happened. In games with no matching, subjects end
up with higher total payoff even if their payoffs diminish in first few rounds while being
nice to a stranger has no higher payoff for a player. These kinds of games are perceived
more as single-shot prisoner’s dilemma by participants.

The effect of risk, which seems to have the biggest effect size on both of the dependent
variables, is controversial in studying repeated prisoner’s dilemma games. For instance,
Embrey et al. (2014) relates the effect of risk to the horizon of the game where in short-run
there is not a significant difference between games with high risk and low risk while in
long-run the cooperation rate is lower in riskier games. Our results strongly confirmed the
negative effect of risk on both of the dependent variables and its effect on the first round
cooperation rate is larger.

Time in this study has a positive effect on the dependent variables. This may be due
to the fact that in longer time subjects play more games and get more information about
the environment and this makes them to stick to cooperation. According to Fréchette and
Yuksel (2013) subjects rely more on Tit-for-Tat as the game becomes longer.

Note that this study controls for the effect of all variables on the first round cooperation
rate. As people from the same cultural background might share a common initial strategy
and since there is no prejudgement about the opponents at the beginning of a game, this
study assumes that the first round cooperation rate is an adequate measure for the effect of
culture on subjects’ cooperative behaviours in each game. However, the results show no
such effect.

4.8 Conclusion

The repeated prisoner’s dilemma, which is an extended version of classic single-shot
prisoner’s dilemma is being used widely by many behavioural scientists to study the evolu-
tion of cooperative behaviour. Since, many experiments based on this game are conducted
across countries and even within cities in a country, their data is a good source for studying
cultural differences and similarities instead of running experiments across all these coun-
tries. To get more compatible results experimentalists usually keep their designs similar to
the standard version. This study used a meta-analysis method to use the data from several
experiments conducted in various countries.

The meta-analysis enabled us to collect and compare 45 experiments including 111
games to study cultural differences across 13 countries including more than 6000 parti-
cipants. First, to study the effect of culture on cooperative behaviour across countries we
used Hofstede et al. (1991) national and cultural dimensions. The results show no signi-
ficant difference between cooperative behaviour between countries. Also, the same result
holds when the countries are grouped into two groups. As a robustness check we repeated
the meta-analysis for the data on the trust game. The results are comparable with the res-
ults for the repeated prisoner’s dilemma games and confirmed our conclusion that culture
measured at the country level has no explanatory power for behaviour in these experiments.
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The secondary results of this study suggest that, methodological variables such as the
presence of monitoring, random matching as well as payoffs have an effect on cooperation
rates.

Culture, defined as "the common knowledge of shared values in a group of people who
live in a same physical border", shows no effect on cooperative behaviour in repeated pris-
oner’s dilemma games, while the smart design of a game makes people play in a similar
way no matter to which culture or country they belong. Based on these findings, we con-
jecture that culture, rather than being a national phenomenon, could be a shared set of
values of people of the same generation, gender, language group, educational background,
etcetera, independent of where they live.



Chapter 5

Conclusion

This study intended to explore the role and impact of social, strategical and cultural con-
texts on individuals’ cooperative and other-regarding behaviour. Specifically, it has sought
to know how fairness-motivated behaviour varies with the decision context and how these
changes affect individuals’ other-regarding behaviour. The general experimental literature
on subjects’ other-regarding behaviour confirms that subjects are not completely selfish
and they care about the differences between payoffs. Moreover, experimental evidence is
consistent with outcome-based models of social preferences. Whereas, these models can
explain the results of some laboratory experiments to a large extent there are still several
questions related to the size and strength of individuals’ fairness considerations that need
answers. This study sought to answer two of these questions: First, how do characteristics
of the decision situation influence subjects’ fairness motivated and cooperative behaviour
in laboratory experiments? Second, how does culture as a set of social norms, influence
cooperative behaviour in laboratory experiments?

5.1 Summary of the findings

In Chapter 2 we extend the model of Bramoullé and Kranton (2007) on local public-
goods games on networks. We added social preferences derived from the model of Fehr
and Schmidt (1999) to the payoff of selfish players. Unlike standard economic theory, we
assumed that people are concerned about inequalities. Therefore, both advantageous and
disadvantageous inequalities have negative effects on players’ utilities, even though these
concerns are weaker for advantageous inequalities. Next, we assumed that subjects are
marginally fairness-concerned, which means that subjects put relatively more weight on
their own payoffs. Thus, they deviate from the level of payoff maximizing effort only if the
cost of being fair is not high. This model enables us to study a large degree of heterogen-
eity across players and positions in an interaction structure. Next, we tested our new model
of marginal fairness-concerns in a laboratory experiment on the Bramoullé and Kranton
(2007) game. In the experiment, subjects were randomly placed on heterogeneous posi-
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tions in a few different networks. Unlike most of the laboratory experiments, interaction
structures across players were not necessarily symmetric and transitive.

We synthesized the theoretical and experimental findings to answer the two research
questions of this chapter: First, does heterogeneity of the interaction structure influence
the behaviour of individuals who are fairness-concerned? More specifically, does a change
in the symmetry and transitivity of the interaction structure change subjects’ behaviour?
Second, under what conditions do these concerns have significant effects on subjects’ be-
haviour?

Our theoretical predictions show that, on the one hand, for players being marginally
fairness-concerned, in the most symmetric and transitive structure (complete network)
players contribute equally to the public-good and this outcome is the fairest equilibrium
of the many equilibria of selfish players in the same structure. On the other hand, in the
most asymmetric and intransitive structure (star network) the unique Nash equilibrium of
marginally fairness-concerned players is when the player in the center free-rides and all
the other players contribute the maximum possible contribution to the public-good. This
equilibrium is the most unfair and at the same time the only stable equilibrium, out of two
selfish equilibria in the star. Finally, the circle is the intermediate structure where relations
are highly symmetric like the complete network but at the same time intransitive like in the
star. For a marginally fairness-concerned player, two types of equilibria exist: First, equal
contributions by all the players: second, highly unequal contributions.

Our results show that subjects’ contribution behaviour is dependent to a great extent on
their positions on a network. These results confirm our theoretical predictions, i.e., all the
equilibria predicted in the theory section for marginally fairness-concerned players can be
observed for various node positions in networks. Clearly, fairness is not feasible among
those who are not equally powerful.

In Chapter 3 we extend the model of marginal fairness-concerns by assuming that, apart
from the dis-utilities caused by envy and guilt, subjects benefit from social welfare. This
element stems from the model of Charness and Rabin (2002). In that model they assume
that everybody in a group of players benefits equally from social welfare. However, we
assume that those players who contributed more to the social welfare enjoy it more than
those who did less. We use theoretical and experimental findings to answer the two research
questions of this chapter: First, do changes in interaction settings and changes in individu-
als’ roles in these settings influence their fairness motivated behaviour? Second, what can
we learn from the number of Nash equilibria about the strength of individuals’ fairness-
concerns? It is noteworthy that instead of finding the subgame perfect Nash equilibria in
these games, we looked at all the Nash equilibria of each. The reason is that plenty of
studies show that subjects are not necessarily sequentially rational and subgame perfection
play calls for experienced players, which most experimental subjects are not.

Here we summarize the theoretical and experimental findings to briefly answer the main
research questions. In most of the games, fairness-concerns need not be powerful to influ-
ence the number of Nash equilibria, and marginal fairness is enough to already limit or
extend the number of equilibria. In those coordination games where players have different
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roles in the game, the number of Nash equilibria is reduced in the presence of marginal fair-
ness and this reduction continues to only a few equilibria when fairness-concerns continue
to grow. However, in the coordination games where players have identical roles, the size
of fairness should already be big enough to change the number of Nash equilibria. In the
cooperative games, where all players have identical roles, the presence of marginal fairness
increase the number of Nash equilibria. Just like the coordination games when fairness
grows substantially, the number of Nash equilibria decrease.

Later in Chapter 3, we used the evidence from existing experimental studies to test our
theoretical predictions. The experimental findings demonstrate that the model of marginal
fairness-concerns explains participants’ behaviour to a great extent. Indeed, individuals’
fairness-concerns are dependent on the roles of players in interactional settings. In the
games where players have diverse roles, an unfair outcome for the disadvantageous players
is inevitable. And it seems that advantageous players care mostly about their own outcome.
Also, the unfair gap between outcomes of players grows with the gap between their roles.

In order to further understand the effect of context on individuals’ cooperative beha-
viour, Chapter 4 investigated the effect of culture on people behaviour. Consider culture as
a set of social norms which are common between all individuals’ in a group. According
to the Folk Theorem any individually rational outcome can be supported by a Nash equi-
librium in infinitely repeated games with sufficiently little discounting. The reason is that
players have the opportunity to build up a reputation and, at the same time, punish the de-
viators. One question is, what makes a group of players converge on one or a few of these
equilibria? In particular, can culture, as a set of common beliefs between players, help
them to coordinate to a specific equilibrium? There exist experimental studies comparing
subjects’ behaviour across countries. However, the findings are not always in-line with
each other and are contradictory. Some show that differences between countries matter and
subjects act differently, and some others do not. Chapter 4 aims to disentangle the contra-
dictory results of the existing literature by investigating the effect of culture on individuals’
behaviour. Particularly we are interested in the effect of individualism/collectivism, on
individuals’ cooperative behaviour in laboratory experiments.

We collected data from existing experimental studies on repeated prisoners’ dilemma
games across several countries. Based on their score of individualism as defined by Hofs-
tede (1991), we grouped these countries into two separate groups. We showed that the av-
erage cooperation rate is not influenced by the measure of individualism of a group. Next
to culture, testing the effect of methodological factors on cooperation rates, we found that
the design of a game as expected has significant effects on subjects’ cooperative behaviour
at the aggregate level.

The overall conclusion of this work is that people are fairness-concerned but only mar-
ginally so. The strength of individuals’ fairness-concerns depends on their roles and pos-
itions in interaction settings. Usually, for those who possess power (by position or role),
being fair means giving up a part of their own benefits, and for others it means gaining from
the fair distribution. When the cost of being fair is higher than the cost of feeling guilty
they choose the latter.
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5.2 Recommendation for future work

The focus of this research was to understand the impact of decision contexts. In Chapter
2 we studied the heterogeneity of positions determined by network structure of exchange
influence possibilities. We presented a model of social preferences and tested the model
experimentally on a version threshold public-good game. However, we did not test the
model across different cooperation as well as coordination games. Studying the effect of
fairness-concerns across different games and different networks may help better understand
the nature of other-regarding behaviour.

In Chapter 2, players’ positions on networks were set exogenously and they had no
influence on their interaction structures. One possible extension of this study would involve
network formation and how information might change the network structure to a more fair
or more unfair structure in long-run patterns.

In both Chapters 2 and 3, one important question would be the impact of learning on
human’s other-regarding behaviour. Experimental data show strong evidence of learning
and though sometimes the speed of learning can be quite small, we need to explain the
changing nature of other-regarding behaviour assuming that preferences are not necessarily
fixed.

In Chapter 4 we conducted a meta-analysis on repeated prisoner’s dilemma games
across 45 experimental studies. We tried to be careful in choosing these studies out of
hundreds of existing experimental studies. However, these studies are not identical. For
instance, differences between currencies and the scale of the payment and also different
payoff matrices caused a heterogeneous risk of cooperation across studies. Another limit-
ation of this study is that, since we did not access the data of these studies at an individual
level, we measured cooperation rates at an aggregate level. Therefore, one could extend
this study by conducting identical experiments across countries and by measuring cultural
differences at the individual level.
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Experimental Laboratory for Sociology and Economics 

 

- Instructions - 
 

Please read the following instructions carefully. These instructions state everything you 

need to know in order to participate in the experiment. If you have any questions, please 

raise your hand. One of the experimenters will approach you in order to answer your 

question. The rules are equal for all the participants. 

 

You can earn money by means of earning points during the experiment. The number of 

points that you earn depends on your own choices, and the choices of other participants. 

At the end of the experiment, the total number of points that you earn during the 

experiment will be exchanged at an exchange rate of: 

 

400 points = 1 Euro 

 

The money you earn will be paid out in cash at the end of the experiment without other 

participants being able to see how much you earned. Further instructions on this will 

follow in due time. During the experiment you are not allowed to communicate with 

other participants. Turn off your mobile phone and put it in your bag. Also, you may 

only use the functions on the screen that are necessary for the functioning of the 

experiment. Thank you very much. 

 

 

- Overview of the experiment - 

 

The experiment consists of seven scenarios. Each scenario consists again of one trial 

round and four paid rounds (altogether 35 rounds of which 28 are relevant for your 

earnings).  

 

In all scenarios you will be grouped with either one or with three other randomly 

selected participants. At the beginning of each of the 35 rounds, the groups and the 

positions within the groups will be randomly changed. The participants that you are 

grouped with in one round are very likely different participants from those you will be 

grouped with in the next round. It will not be revealed with whom you were grouped at 

any moment during or after the experiment. 

 

The participants in your group (of two or four players, depending on the scenario) will 

be shown as circles on the screen (see Figure 1). You are displayed as a blue circle, 

while the other participants are displayed as black circles. You are always connected to 

one or more other participants in your group. These other participants will be called 

your neighbors. These connections differ per scenario and are displayed as lines 

between the circles on the screen (see also Figure 1). 

 

Each round lasts between 30 and 90 seconds. The end will be at an unknown and 

random moment in this time interval. During this time interval you can earn points by 

producing know-how, but producing know-how also costs points. The points you 

receive in the end depend on your own investment in know-how and the investments of 

your neighbors. 
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Figure 1 

By clicking on one of the two buttons at the bottom of the screen you increase or 

decrease your investment in know-how. At the end of the round, you receive the amount 

of points that is shown on the screen at that moment in time. In other words, your final 

earnings only depend on the situation at the end of every round. Note that this end can 

be at any between 30 and 90 seconds after the round is started and that this moment is 

unknown to everybody. Also different rounds will not last equally long. 

The points you will receive can be seen as the top number in your blue circle. The 

points others will receive are indicated as the top number in the black circles of others. 

Next to this, the size of the circles changes with the points that you and the other 

participants will receive: a larger circle means that the particular participant receives 

more points. The bottom number in the circles indicates the amount invested in know-

how by the participants in your group. 

Remarks: 

 It can occur that there is a time-lag between your click and the changes of the

numbers on the screen. One click is enough to change your investment by one. A

subsequent click will not be effective until the first click is effectuated.

 Therefore wait until your investment in know-how is adapted before making

further changes!

- Your earnings -

Now we explain how the number of points that you earn depends on the investments. 

Read this carefully. Do not worry if you find it difficult to grasp immediately. We also 

present an example with calculations below. Next to this, there is a trial round for each 

scenario to gain experience with how your investment affects your points.  

In all scenarios, the points you receive at the end of each round depend in the same way 

on two factors: 

1. Every unit that you invest in know-how yourself will cost you 5 points.

2. You earn points for each unit that you invest yourself and for each unit that

your neighbors invest.
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If you sum up all units of investment of yourself and your neighbors, the following table 

gives you the points that you earn from these investments: 

 

Your investment plus 

your neighbors’ 

investments 

0 1 2 3 4 5 6 7 8 9 10 

Points 0 28 54 78 100 120 138 154 168 180 190 

 

Your investment plus 

your neighbors’ 

investments 

11 12 13 14 15 16 17 18 19 20 21 

Points 198 204 208 210 211 212 213 214 215  216 217 

 

The higher the total investments, the lower are the points earned from an additional unit 

of investment. Beyond an investment of 21, you earn one extra point for every 

additional unit invested by you or one of your neighbors. 

 

Note: if your and your neighbors’ investments add up to 12 or more, earnings 

increase by less than 5 points for each additional unit of investment. 

 

- Example - 

Suppose 

1. you invest 2 units; 

2. one of your neighbors invests 3 units and another neighbor invests 4 units. 

 

Then you have to pay 2 times 5 = 10 points for your own investment.  

 

The investments that you profit from are your own plus your neighbors’ investments: 2 

+ 3 + 4 = 9. In the table you can see that your earnings from this are 180 points. 

 

In total, this implies that you receive 180 − 10 = 170 points if this would be the situation 

at the end of the round. Figure 1 shows this example as it would appear on the screen. 

The investment of the fourth participant in your group does not affect your earnings. In 

the trial round before each of the seven scenarios, you will have time to get used to how 

the points you will receive change with investments. 

 

- Scenarios - 

 

All rounds are basically the same. The only thing that changes between scenarios is 

whether you are in a group of two or four participants and how participants are 

connected to each other. Also your own position randomly changes within scenarios and 

between rounds. We will notify you each time on the screen when a new scenario and 

trial round starts. At the top of the screen you can also see when you are in a trial round 

(see top left in Figure 1). Paying rounds are just indicated by “ROUND” while trial 

rounds are indicated by “TRIAL ROUND”. 

 
- Questionnaire - 

 

After the 35 rounds you will be asked to fill in a questionnaire. Please take your time to 

fill in this questionnaire accurately. In the mean time your earnings will be counted. 

Please remain seated until the payment has taken place.  
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A.2 Additional tables

Contribution 0 1 2 3 4 5 6 7 8

Node type

Dyad 2.50 3.13 2.08 3.75 7.08 14.58 42.50 14.17 5.00

Complete 15.42 11.88 22.50 26.67 11.46 5.21 1.67 1.04 1.04

Star: center 62.50 15.00 7.50 5.00 3.33 2.50 0.83 2.50 0.00

Star: periphery 1.39 0.83 1.39 2.22 0.83 4.44 3.33 3.33 3.89

Circle 19.17 8.75 8.75 12.08 19.38 6.46 5.42 3.33 1.88

Line: end 2.92 1.67 6.25 6.25 7.50 5.42 13.33 7.50 7.92

Line: middle 25.42 11.67 15.83 13.33 11.67 7.50 5.83 2.92 3.33

Core: center 68.33 11.67 13.33 5.00 0.00 1.67 0.00 0.00 0.00

Core: periphery 1.67 2.50 1.67 1.67 5.00 3.33 4.17 3.33 4.17

Core: duo 8.75 8.75 6.67 9.58 11.67 13.33 17.50 7.50 5.83

Dbox: connected 44.58 16.25 10.83 15.00 5.42 2.92 2.50 0.42 0.83

Dbox: edges 5.00 5.00 7.92 10.42 8.33 9.58 7.50 5.42 5.42

Contribution 9 10 11 12 13 14 15 29 Total

Node type

Dyad 0.83 0.63 1.25 1.67 0.42 0.21 0.00 0.21 100

Complete 1.25 0.21 0.42 0.83 0.21 0.00 0.21 0.00 100

Star: center 0.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100

Star: periphery 11.11 12.78 13.61 39.72 1.11 0.00 0.00 0.00 100

Circle 1.67 2.71 2.29 6.88 0.83 0.21 0.21 0.00 100

Line: end 6.25 6.67 11.67 15.83 0.00 0.42 0.42 0.00 100

Line: middle 0.83 0.00 0.42 0.42 0.83 0.00 0.00 0.00 100

Core: center 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100

Core: periphery 5.83 9.17 14.17 40.83 2.50 0.00 0.00 0.00 100

Core: duo 2.50 2.92 2.92 2.08 0.00 0.00 0.00 0.00 100

Dbox: connected 0.42 0.42 0.00 0.42 0.00 0.00 0.00 0.00 100

Dbox: edges 5.42 6.67 7.08 14.58 1.25 0.42 0.00 0.00 100

Table A.1: Individual contribution (in percent)
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Di(BRi) -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1

Node type

Dyad 0.00 0.42 0.42 0.42 0.00 1.25 1.67 1.25 3.33 7.92 10.00 10.00

Complete 0.00 0.00 1.67 0.00 0.83 1.67 3.33 2.50 8.33 11.67 12.50 14.17

Star: center 0.00 0.00 0.00 0.00 0.00 0.83 0.00 0.00 0.00 0.00 0.00 0.83

Star: periphery 0.56 0.56 0.28 0.83 0.83 1.11 2.50 1.94 2.78 9.17 10.28 7.22

Circle 0.00 0.00 0.00 0.63 2.08 1.25 2.50 3.96 7.71 7.92 11.88 10.63

Line: end 0.00 0.83 1.25 0.42 0.83 3.33 2.08 5.00 7.08 9.58 15.00 14.17

Line: middel 0.00 0.00 0.42 0.42 0.42 2.50 0.42 2.50 2.08 2.50 6.67 10.83

Core: center 0.00 0.83 0.00 0.00 0.83 0.00 2.50 0.00 0.00 0.00 0.83 1.67

Core: periphery 0.83 0.00 0.00 3.33 4.17 3.33 2.50 2.50 5.83 5.00 8.33 11.67

Core: duo 0.83 0.83 0.83 0.83 0.83 1.67 1.67 5.00 10.00 6.67 13.33 15.83

Dbox: connected 0.00 0.00 0.00 0.00 0.00 1.67 0.00 1.67 1.67 1.67 2.50 11.67

Dbox: edge 0.42 0.42 0.00 1.25 3.33 5.42 3.33 6.67 10.83 8.75 15.83 8.75

Di(BRi) 0 1 2 3 4 5 6 7 9 12 24 Total

Node type

Dyad 41.25 6.88 10.83 2.71 0.42 0.42 0.00 0.21 0.00 0.42 0.21 100

Complete 23.96 9.58 5.21 3.13 1.04 0.00 0.00 0.42 0.00 0.00 0.00 100

Star: center 62.50 15.83 6.67 5.83 2.50 2.50 0.00 2.50 0.00 0.00 0.00 100

Star: periphery 56.11 4.17 1.11 0.28 0.28 0.00 0.00 0.00 0.00 0.00 0.00 100

Circle 35.63 7.50 4.79 2.08 0.42 0.83 0.21 0.00 0.00 0.00 0.00 100

Line: end 34.17 3.75 1.67 0.42 0.42 0.00 0.00 0.00 0.00 0.00 0.00 100

Line: middel 39.17 17.50 7.92 4.58 1.67 0.00 0.00 0.00 0.42 0.00 0.00 100

Core: center 67.50 12.50 11.67 0.83 0.00 0.83 0.00 0.00 0.00 0.00 0.00 100

Core: periphery 49.17 2.50 0.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100

Core: duo 36.67 3.33 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100

Dbox: connected 45.42 16.25 7.50 6.67 1.25 1.67 0.00 0.42 0.00 0.00 0.00 100

Dbox: edge 29.17 3.75 1.25 0.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100

Table A.2: Deviation from best response (in percent)



A.2. ADDITIONAL TABLES 117
D

i(
e j
)

0
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

22

N
od

e
ty

pe

D
ya

d
49

.1
7

10
.8

3
3.

75
2.

92
1.

88
0.

42
0.

63
0.

83
0.

63
0.

42
1.

25
0.

21
1.

04
0.

21
0.

21
0.

00
0.

21

C
om

pl
et

e
19

.8
6

15
.6

3
10

.0
0

5.
97

2.
50

1.
25

1.
04

0.
69

0.
56

0.
76

0.
21

0.
49

0.
63

0.
14

0.
07

0.
14

0.
00

St
ar

:c
en

te
r

2.
22

1.
39

1.
94

0.
00

0.
83

0.
28

0.
00

0.
28

0.
28

0.
28

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

St
ar

:p
er

ip
he

ry
2.

22
1.

67
1.

94
1.

39
1.

67
2.

22
6.

11
3.

06
5.

56
7.

78
16

.6
7

6.
11

37
.5

0
0.

83
0.

00
0.

00
0.

00

C
ir

cl
e

14
.5

8
8.

23
6.

15
4.

90
2.

29
1.

98
2.

19
1.

88
1.

25
1.

77
1.

98
2.

08
6.

77
0.

83
0.

21
0.

21
0.

00

L
in

e:
en

d
5.

83
7.

08
5.

00
4.

58
7.

50
5.

83
6.

67
2.

08
5.

00
2.

08
7.

08
7.

08
14

.1
7

0.
00

0.
42

0.
42

0.
00

L
in

e:
m

id
dl

e
7.

50
7.

71
6.

88
2.

92
5.

63
2.

92
1.

88
1.

04
1.

46
0.

63
0.

21
0.

21
0.

42
0.

42
0.

00
0.

00
0.

00

C
or

e:
ce

nt
er

5.
83

3.
89

3.
33

0.
56

0.
00

0.
28

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

C
or

e:
pe

ri
ph

er
y

0.
83

0.
00

2.
50

3.
33

5.
83

2.
50

3.
33

3.
33

6.
67

4.
17

9.
17

9.
17

41
.6

7
1.

67
0.

00
0.

00
0.

00

C
or

e:
du

o
13

.3
3

7.
50

7.
71

4.
38

9.
58

7.
08

9.
38

4.
17

3.
75

1.
88

2.
29

2.
08

1.
88

0.
00

0.
00

0.
00

0.
00

D
bo

x:
co

nn
ec

te
d

16
.6

7
7.

78
4.

72
2.

78
2.

36
1.

25
0.

56
0.

42
0.

56
0.

42
0.

28
0.

00
0.

14
0.

00
0.

00
0.

00
0.

00

D
bo

x:
ed

ge
s

6.
67

6.
04

6.
46

7.
08

6.
04

6.
04

5.
83

3.
13

4.
79

4.
58

6.
67

5.
00

14
.1

7
1.

25
0.

21
0.

00
0.

00

D
i(

e j
)

-2
2

-1
5

-1
4

-1
3

-1
2

-1
1

-1
0

-9
-8

-7
-6

-5
-4

-3
-2

-1
0

N
od

e
ty

pe

D
ya

d
0.

21
0.

00
0.

21
0.

21
1.

04
0.

21
1.

25
0.

42
0.

63
0.

83
0.

63
0.

42
1.

88
2.

92
3.

75
10

.8
3

49
.1

7

C
om

pl
et

e
0.

00
0.

14
0.

07
0.

14
0.

63
0.

49
0.

21
0.

76
0.

56
0.

69
1.

04
1.

25
2.

50
5.

97
10

.0
0

15
.6

3
19

.8
6

St
ar

:c
en

te
r

0.
00

0.
00

0.
00

0.
83

37
.5

0
6.

11
16

.6
7

7.
78

5.
56

3.
06

6.
11

2.
22

1.
67

1.
39

1.
94

1.
67

2.
22

St
ar

:p
er

ip
he

ry
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

00
0.

28
0.

28
0.

28
0.

00
0.

28
0.

83
0.

00
1.

94
1.

39
2.

22

C
ir

cl
e

0.
00

0.
21

0.
21

0.
83

6.
77

2.
08

1.
98

1.
77

1.
25

1.
88

2.
19

1.
98

2.
29

4.
90

6.
15

8.
23

14
.5

8

L
in

e:
en

d
0.

00
0.

00
0.

00
0.

42
0.

42
0.

42
0.

00
0.

42
0.

42
0.

83
1.

67
0.

83
4.

17
0.

42
3.

33
5.

83
5.

83

L
in

e:
m

id
dl

e
0.

00
0.

21
0.

21
0.

21
7.

29
3.

54
3.

75
1.

46
3.

75
1.

67
4.

38
5.

42
7.

29
5.

00
7.

71
8.

33
7.

50

C
or

e:
ce

nt
er

0.
00

0.
00

0.
00

0.
56

15
.2

8
4.

72
4.

17
3.

06
6.

39
5.

83
10

.8
3

8.
89

10
.0

0
5.

83
6.

11
4.

44
5.

83

C
or

e:
pe

ri
ph

er
y

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
00

0.
83

1.
67

3.
33

0.
83

C
or

e:
du

o
0.

00
0.

00
0.

00
0.

00
0.

83
0.

83
1.

46
0.

63
0.

63
0.

63
2.

08
1.

25
3.

54
1.

04
5.

83
6.

25
13

.3
3

D
bo

x:
co

nn
ec

te
d

0.
00

0.
00

0.
14

0.
83

9.
44

3.
33

4.
58

3.
19

3.
47

2.
22

4.
17

4.
58

4.
86

6.
67

6.
39

8.
19

16
.6

7

D
bo

x:
ed

ge
s

0.
00

0.
00

0.
00

0.
00

0.
21

0.
00

0.
21

0.
42

0.
42

0.
42

0.
42

1.
04

2.
29

1.
25

3.
96

5.
42

6.
67

Ta
bl

e
A

.3
:D

ev
ia

tio
n

fr
om

co
nt

ri
bu

tio
n

of
ne

ig
hb

or
s

by
ty

pe
of

no
de

po
si

tio
n

(i
n

pe
rc

en
t)



118 APPENDIX A. FAIRNESS CONCERNS IN SOCIAL CONTEXT

A.3 Treatments 5-7 (line, core, dbox)

Figure A.1: Individual contributions in line, core and dbox

Figure A.2: Individual deviation from best response in line, core and dbox
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Figure A.3: Deviation from contribution of neighbors by type of node position in line, core
and dbox





Appendix B

Fairness concerns in strategic context

B.1 Examples

B.1.1 Example 1

In this example we show how the size of α(and β ) affects the interval of equilibrium
offers and therefore the number of Nash equilibria in the ultimatum game when f1 and f2
are quadratic functions.

Assume that f is a quadratic function of (2e j − 1) or f = (2e j − 1)2 = (1− 2e j)
2.

Solving following inequalities for the responder and the proposer:

• If 1− e j < e j {
1− e j−αi(2e j−1)2 > 0 I

e j−β j(2e j−1)2 > 0 II
(B.1)

From I: e j <
4αi−1+

√
1+8αi

8αi
and from II: e j <

4β j+1+
√

1+8β j
8β j

and since 4αi−1+
√

1+8αi
8αi

<

4β j+1+
√

1+8β j
8β j

, for small αi and β j, e j <
4αi−1+

√
1+8αi

8αi
.

• If 1− e j > e j {
1− e j−βi(1−2e j)

2 > 0 I

e j−α j(1−2e j)
2 > 0 II

(B.2)

From I: e j >
4βi−1−

√
1+8βi

8βi
and from II: e j >

4α j+1−
√

1+8α j
8α j

and since
4α j+1−

√
1+8α j

8α j
>

4βi−1−
√

1+8βi
8βi

, for small αi and β j, e j >
4α j+1−

√
1+8α j

8α j
. Thus, 4αi−1+

√
1+8αi

8αi
> e j >

4α j+1−
√

1+8α j
8α j

.
From Figure B.1, the proposer’s offer is not sensitive to the guilt. When the guilt is

small it plays no role on players’ decisions. The proposer knows that any e j lower than the
green curve (the envy for the responder) will be rejected by the responder and the responder

121
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knows that the proposer never offer any thing higher than the black curve (the envy for the
proposer).

Figure B.1: Ultimatum game with a quadratic utility function

B.1.2 Example 2

In this example we show how the size of α(and β ) affects the interval of equilibrium
offers and therefore the number of Nash equilibria in the ultimatum game when f1 and f2
are absolute value functions.

Assume that f = |2e j−1|= |1−2e j|

• If 1− e j < e j {
1− e j−αi|2e j−1|> 0 I

e j−β j|2e j−1|> 0 II
(B.3)

From I: e j <
1+αi

1+2αi
and from II: e j >

β j
2β j−1 and since for small αi and β j: 1+αi

1+2αi
<

β j
2β j−1 ,

the lower bound for e j is e j <
1+αi
1+2αi

.

• If 1− e j > e j {
1− e j−βi|1−2e j|> 0 I

e j−α j|1−2e j|> 0 II
(B.4)

From I: e j <
1−βi

1−2βi
and from II: e j >

α j
1+2α j

. since for small αi and β j:
α j

1+2α j
> 1−βi

1−2βi
,

upper bound for e j is e j >
α j

1+2α j
. Thus, 1+αi

1+2αi
> e j >

1+αi
1+2αi

.

Figure B.2: Ultimatum game with an absolute value utility function
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From Figure B.2, it is clear that the guilt plays no role on the size of offers by players
while the small envy (orange and blue) has some effects on it. The proposer knows that
any e j lower than the blue curve will be rejected by the responder and the responder knows
that the orange curve is the highest possible offer by the proposer and any amount between
the envy curves could be an equilibrium.
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B.2 Additional tables and figures

Tables below presents summary statistics of experimental variables of the studies used
in Chapter 3.

Study PG1 PG2 PG3 PG4

Mean contributions 4.83 4.68 19.39 7.41

Percent contributed 24.15 23.43 38.79 37.05

Percent zero contributions 43 48 22.9 34.68

Percent no deviation from neighbours 14.8 24.16 9.7 21.77

Percent zeros with no deviation from neighbours 11.58 20.83 4.5 14.79

Size of endowment 20 20 50 20

Marginal rate of return 0.4 0.4 0.5 0.5

Group size 4 4 5 4

Table B.1: Summary statistics of the PG experiments

Study TPG1 TPG2 TPG3

Mean contributions 2.68 4.06 4.95

Percent contribution of threshold 22.34 25.37 61.90

Percent zero contributions 15.41 0.4 0.92

Percent no deviation from neighbours 14.79 36.4 44.61

Threshold 12 16 20

Endowment - 10 8

Group size 4 4 4

Table B.2: Summary statistics of the TPG experiments

Study PG1 PG-P2 PG2 PG-P2

Mean contributions 4.83 13.19 5.59 14.93

Percent contributed 24.15 65.95 27.95 74.65

Percent zero contributions 43 8.3 72.03 25.33

Percent no deviation from neighbours 14.8 8.6 66.6 66.6

Percent zeros with no deviation from neighbours 11.58 3.1 48.02 16.8

Size of endowment 20 20 20 20

Marginal rate of return 0.4 0.4 0.5 0.5

Group size 4 4 3 3

Table B.3: Summary statistics of the PG and PG-P experiments
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Figures B.3 and B.3 depict individuals’ contributions and deviation from neighbours
contributions in the PG and TPG experiments.

Figure B.3: Individual’s contribution

Figure B.4: Deviation from neighbours’ contributions
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Tables below present contributions in the PG and the TPG games in individual level
as well as group level (sum of the contributions made by a group of players). The data is
normalized in the range of [0,1].

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Study

TPG1 8 12 28 40 116 172 40 48 12 0 4

TPG2 4 8 20 92 96 492 1144 184 116 4 4

TPG3 12 16 12 64 756 156 56 4 8 0 4

PG1 76 28 55 4 20 20 20 4 0 4 4

PG2 45 20 60 6 55 60 65 40 45 0 5

PG3 164 112 144 108 112 132 84 60 40 12 4

PG4 204 268 220 224 152 148 104 44 24 8 4

Table B.4: Normalized sum of contributions by a group of players (frequency)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Study

TPG1 1.66 2.5 5.83 8.33 24.16 35.83 8.33 10 2.5 0 0.83

TPG2 0.18 0.36 0.92 4.25 4.34 22.73 52.86 8.50 5.36 0.18 0.18

TPG3 1.10 1.47 1.10 5.88 69.48 14.33 5.14 0.36 0.73 0 0.36

PG1 32.34 11.91 23.40 1.70 8.51 8.51 8.51 1.70 0 1.70 1.70

PG2 11.22 4.98 14.96 1.49 13.71 14.96 16.20 9.97 11.22 0 1.24

PG3 16.87 11.52 14.81 11.11 11.52 13.58 8.64 6.17 4.11 1.23 0.41

PG4 14.57 19.14 15.71 16 10.85 10.57 7.42 3.14 1.71 0.57 0.28

Table B.5: Normalized sum of contributions in a group of players (in percent)
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0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Study

TPG1 74 57 236 55 33 5 11 1 6 1 1

TPG2 20 0 3 27 53 207 0 1515 292 18 25

TPG3 5 13 143 95 542 63 171 22 13 4 9

PG1 116 16 12 19 16 29 3 2 8 2 17

PG2 106 22 61 30 51 39 56 23 23 4 55

PG3 333 14 15 118 41 162 60 19 73 44 111

PG4 516 101 115 147 91 131 38 17 46 11 88

Table B.6: Normalized distribution of contribution (frequency)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Study

TPG1 15.42 11.88 49.17 11.46 6.88 1.04 2.29 0.21 1.25 0.21 0.21

TPG2 0.93 0 0.14 1.25 2.45 9.58 0 70.14 13.52 0.83 1.16

TPG3 0.46 1.20 13.24 8.78 50.18 5.85 15.83 2.04 1.2 0.37 0.83

PG1 48.33 6.74 5 7.92 4.66 12.09 1.25 0.84 3.33 0.83 1.09

PG2 23.04 4.78 13.26 6.52 11.09 8.47 12.18 5 5 0.87 9.78

PG3 34.69 1.46 1.57 12.29 4.27 16.88 6.25 1.98 7.6 1.46 11.56

PG4 36.86 14.35 8.21 10.5 6.43 9.36 2.71 0.46 3.29 0.79 6.28

Table B.7: Normalized distribution of contribution (in percent)
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Tables below present deviation from contributions of neighbors in the PG and the TPG
games. The data is normalized in the range of [-1,1].

-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

Study

TPG1 3 2 16 3 19 10 33 36 230 225 286

TPG2 2 1 15 39 0 51 118 186 852 0 3859

TPG3 5 8 14 24 24 234 105 150 142 128 1576

PG1 14 4 9 5 9 46 18 49 33 58 230

PG2 45 9 38 37 73 69 133 86 178 140 224

PG3 60 5 70 14 34 208 86 274 129 144 836

PG4 125 35 60 40 77 221 193 286 291 414 712

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Study

TPG1 286 225 230 36 33 10 19 3 16 2 3

TPG2 3859 0 994 188 94 37 0 33 8 1 2

TPG3 1576 128 142 150 105 234 24 24 14 8 5

PG1 230 58 33 49 18 46 9 5 9 4 14

PG2 224 140 178 86 133 69 73 37 38 9 45

PG3 836 144 129 274 86 208 34 14 70 5 60

PG4 712 414 291 286 193 221 77 40 60 35 125

Table B.8: Normalized deviations from neighbours’ contributions (frequency)
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-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

Study

TPG1 0.21 0.14 1.12 0.21 1.32 0.69 2.29 2.5 15.97 15.63 19.86

TPG2 0.03 0.02 0.23 0.6 0 0.79 1.82 2.87 13.15 0 59.55

TPG3 0.15 0.25 0.43 0.73 0.73 7.19 3.21 4.62 4.29 3.96 48.64

PG1 1.94 0.56 1.25 0.7 1.25 6.39 2.5 6.8 4.58 8.05 31.94

PG2 2.44 0.49 2.05 2 3.96 3.75 7.23 4.67 9.67 7.6 12.17

PG3 2.08 0.17 2.43 0.49 1.18 7.22 2.99 9.52 4.48 5 29.03

PG4 2.98 0.88 1.43 0.96 1.84 5.26 4.59 6.81 6.93 9.85 16.95

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Study

TPG1 19.86 15.63 15.97 2.5 2.29 0.69 0.76 0.21 1.12 0.14 0.21

TPG2 59.55 0 15.34 2.9 1.45 0.57 0 0.51 0.12 0.02 0.03

TPG3 48.64 3.96 4.29 4.62 3.21 7.19 0.73 0.73 0.43 0.25 0.15

PG1 31.94 8.05 4.58 6.8 2.5 6.39 1.25 0.7 1.25 0.56 1.94

PG2 12.17 7.6 9.67 4.67 7.23 3.75 3.96 2 2.05 0.49 2.44

PG3 29.03 5 4.48 9.52 2.99 7.22 1.18 0.49 2.43 0.17 2.08

PG4 16.95 9.85 6.93 6.81 4.59 5.26 1.84 0.96 1.43 0.88 2.98

Table B.9: Normalized deviations from neighbours’ contributions (in percent)





Appendix C

Cooperation in cultural context

C.1 Additional tables

We repeat the analyses by checking the effect of culture on ATC and AFC in country
level, continent level and regional level. The data includes three continents (Asia, Europe
and America) and six regions (Asia, east Europe, north europe, south Europe, east US and
west US). Tables C.1 and C.2 present the analyses.
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(1) (2) (3)

Coefficient SE Coefficient SE Coefficient SE

Finite/Indefinite 4.27 4.41 3.46 4.21 1.95 4.23

Temptation -19.76 19.34 -23.43 18.16 -27.14 19.15

Risk -53.50∗∗∗ 12.06 -50.08∗∗∗ 11.89 -52.96∗∗∗ 11.82

Matching -11.48+ 5.79 -11.90∗ 5.55 -15.70∗∗ 5.79

Monitoring 11.74∗∗ 4.38 11.34∗∗ 4.30 9.98∗ 4.30

Anonymous 0.65 9.51 -2.15 7.90 -3.99 7.85

NAP -120.5 98.59 -53.91∗ 25.14 -59.07∗ 24.97

UK 5.90 25.99

USA 6.52 24.19

Spain 7.38 27.96

Netherlands -12.17 27.13

Germany 2.279 24.56

Taiwan 77.67 91.15

Italy 38.39 29.83

China 15.19 34.61

Japan 31.99 29.33

Asia 11.85 12.55

America 3.73 4.52

USA-West -2.281 12.61

USA-East -14.48 12.34

Europe-South 0.16 15.97

Europe-North -18.27 12.72

Constant 68.64∗ 26.11 70.69∗∗∗ 10.08 93.06∗∗∗ 18.03

N 95 95 95

Adjusted R2 27.33 26.49 28.31

I2 99.63 99.61 99.60

∗p < 0.05,∗∗ p < 0.01,∗∗∗p < 0.001

Table C.1: The effect of country/continent/region on ATC in RPD experiments
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(1) (2) (3)

Coefficient SE Coefficient SE Coefficient SE

Finite/Indefinite 1.22 6.24 0.97 4.38 2.23 4.53

Temptation -11.51 18.85 -8.51 17.32 2.08 17.95

Risk -65.43∗∗∗ 11.96 -60.86∗∗∗ 11.13 -59.97∗∗∗ 11.20

Matching -15.61∗∗ 5.475 -15.65∗∗ 5.241 -13.06∗ 5.335

Monitoring 2.38 4.19 2.26 4.13 2.95 4.11

Anonymous -3.35 9.87 -3.72 9.84 -1.95 9.87

NAP -121.6 170.5 -67.13 63.43 -52.10 56.02

UK

USA 19.11 17.90

Spain 13.72 23.77

Netherlands 15.18 23.32

Germany 17.72 19.19

Taiwan

Italy 52.54∗ 23.85

China 37.81 58.17

Japan 22.86 23.59

Sweden 0.338 28.13

Asia 5.332 13.79

America 2.532 4.781

USA-West -3.02 11.70

USA-East 6.88 10.80

Europe-South 13.28 13.89

Europe-North 1.45 10.68

Constant 77.35∗∗∗ 20.97 86.78∗∗∗ 12.95 77.23∗∗∗ 17.29

N 77 77 77

Adjusted R2 31.27 31.90 32.58

I2 99.45 99.40 99.40

∗p < 0.05,∗∗ p < 0.01,∗∗∗p < 0.001

Table C.2: The effect of country/continent/region on AFC in RPD experiments

Tables C.3 and C.4 repeat the analyses and the effect of culture on ATC and AFC only in
finite RPD games.

Tables C.5 and C.6 repeat the analyses and the effect of culture on ATC and AFC when
there is no matching strategy.
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(1)
(2)

(3)
(4)

C
oefficient

SE
C

oefficient
SE

C
oefficient

SE
C

oefficient
SE

N
r

0.36
0.32

0.34
0.33

0.39
0.33

1.03
+

0.50

Tem
ptation

-0.15
37.54

2.779
38.55

5.261
39.67

57.55
52.10

R
isk

-21.12
24.99

-23.28
25.73

-20.47
25.36

-49.70
31.27

M
atching

-19.53
+

9.72
-19.52

+
9.83

-21.91
+

11.02
-32.75

∗
15.36

M
onitoring

15.98
+

8.38
15.83

+
8.490

15.12
+

8.67
12.28

10.08

A
nonym

ous
0.53

16.68
1.33

16.98
-0.00

16.95
2.38

19.38

N
A

P
-30.04

21.68
-33.54

23.25
-41.49

32.39
-102.8

101.7

Trust
-0.12

0.26

C
ollectivist

8.27
17.22

ID
V

-1.87
1.40

PD
I

-0.62
1.99

U
A

I
0.16

0.79

M
A

S
0.41

0.92

PR
A

G
-0.96

1.11

IN
D

0.99
2.80

C
onstant

45.35
∗

20.47
54.47

+
28.96

44.45
∗

20.83
167.5

353.0

N
37

37
37

37

A
djusted

R
2

13.55
11.40

11.19
15.35

I 2
99.54

99.56
99.55

99.61

∗p
<

0
.05,∗∗

p
<

0.01,∗∗∗p
<

0
.001

Table
C

.3:T
he

effectofculture
and

m
ethodology

on
A

T
C

in
finite

R
PD

experim
ents
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(1)
(2)

(3)
(4)

C
oefficient
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The following table presents the data used for the meta-analysis in Chapter 4. The variables in each column are respectively Article,
Country, Number of rounds in finite RPDs, Continuation probability in the indefinite RPDs, Matching strategy (it is 1 if subjects were
matched after each round of play), Monitoring, Average first round cooperation rate, Average total cooperation rate and the last four valiables
are the payoff matrix of a game.

Article Country FIN. Nr. Delta Match Monit AFC ATC CC CD DC DD
Fleiß et. al, (2014) AT 0 0 0 48.9 4 0 5 1
Grinberg et al. (2012) BG 1 40 0 1 32 40 10 50 15
Rapoport et al. (1995) CA 1 22 1 1 42 45 300 0 500 100

CA 1 22 1 0 30 18 300 0 500 100
CHE 1 22 1 1 42 47 300 0 500 100
CHE 1 22 1 0 30 3 300 0 500 100

Wu et al. (2009) CN 0 .75 1 1 24.62 1 -2 3 0
CN 0 .75 1 1 23.95 2 -2 4 0

Gong and Yang (2010) CN 1 20 1 0 12 10.6 800 100 1200 300
CN 1 20 1 1 56 35.1 800 100 1200 300

Sutter et al. (2009) DE 1 15 0 1 38 11 60 20 90 40
DE 1 15 0 0 19 7 60 20 90 40

Blonski et al. (2011) DE 0 .75 0 0 14.4 13.4 90 0 100 70
DE 0 .75 0 0 4.4 2.8 90 0 100 80
DE 0 .75 0 0 55.9 37 90 0 120 50
DE 0 .75 0 0 60 37.6 90 0 140 30
DE 0 .875 0 0 39 26.6 90 30 130 70
DE 0 .75 0 0 24.4 15.4 90 30 130 70
DE 0 .875 0 0 38.5 21.7 90 0 100 70
DE 0 .75 0 0 35.6 21.4 90 70 100 80

Table C.7: Experimental studies used for the analysis
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...continued

Article Country FIN. Nr. Delta Match Monit AFC ATC CC CD DC DD
DE 0 .5 0 0 21.9 13.5 90 30 130 70
DE 0 .5 0 0 15.6 8.2 90 0 100 70

Beckenkamp et al. (2007) DE 1 40 0 0 66 70 8 0 12 4
DE 1 40 0 0 61 59.17 12 0 18 6

Bruttel et al. (2007) DE 0 .5 0 1 74 74.22 80 0 140 10
DE 1 10 0 1 88 76.38 80 0 140 10

Bruttel and Kamecke (2012) DE 1 7 0 0 46 30.35 65 10 100 35
DE 0 .8 0 0 37 37.28 65 10 100 35

Selten and Stoecker (1986) DE 1 10 0 0 40 48 60 -50 145 10
Hennig-Schmidt et al, (2014) DE 0 0 1 76.66 57 3 0 5 1
Grujić et al. (2012) ES 0 0 68 7 0 10 0
Hauk (2003) ES 1 10 0 1 40 53.95 5 -6 7 -1
Grujić et al. (2010) ES 0 1 0 22 20 7 0 10 0
Ogawa et al. (2006) JP 0 0 0 55 68 800 0 1000 350

JP 0 0 82 73 800 0 1000 210
Matsushima et al. (2013) JP 0 .967 0 .6 43.8 35.5 60 5 70 15

JP .967 0 .9 78.1 67.2 60 5 70 15
Kusakawa et al. (2012) JP 0 .75 1 1 25 55.4 75 10 100 45

JP .75 1 0 38 46.5 75 10 100 45
Bigoni et al. (2015) IT 0 .997 0 0 74 66.9 1 -2 2 0

IT 0 .992 0 0 67 52.3 1 -2 2 0
Kopányi-Peuker et al. (2012) NL 1 50 1 0 42 8.96 55 5 70 25

Table C.7: Experimental studies used for the analysis
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...continued

Article Country FIN. Nr. Delta Match Monit AFC ATC CC CD DC DD
Kaufmann et al. (2009) NL 1 10 0 1 40 29.85 900 0 1200 570
Reuben and Suetens (2012) NL 0 .6 0 0 33 22 10 33 15
Tinghög et al. (2013) SE 1 5 0 0 49 50.5 150 0 190 40
Yang et al. (2007) TW 1 5 0 0 18 8 1 12 3

TW 1 25 0 0 20 8 1 12 3
Vlaev et al. (2007) UK 1 48 1 0 18 -5 -11 0 -6

UK 1 48 1 0 71 10 0 11 1
Normann and Wallace (2012) UK 0 0 1 55 800 50 1000 350

UK 0 .17 0 1 55.2 800 50 1000 350
UK 1 22 0 1 44.2 800 50 1000 350
UK 0 .84 0 1 59.1 800 50 1000 350

Friedman and Oprea (2012) US-CA 1 8 0 1 76.7 88.4 10 0 14 4
US-CA 1 8 0 1 33.6 82.6 10 0 18 4
US-CA 1 8 0 1 52.1 74.8 10 0 18 8
US-CA 1 8 0 1 27.5 87.9 10 0 14 8

Dal Bó (2005) US-CA 0 .5 1 1 30.93 20.47 65 10 100 35
US-CA 0 1 1 9.17 9.17 65 10 100 35
US-CA 1 4 1 0 34.58 21.43 65 10 100 35
US-CA 1 2 1 0 13.31 10.105 65 10 100 35
US-CA 0 .75 1 1 46.2 32.53 65 10 100 35
US-CA 1 2 1 0 13.31 10.105 65 10 100 35

Sherstyuk et al. (2013) US-HI 0 .75 0 0 60 55 100 0 180 20
Table C.7: Experimental studies used for the analysis
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...continued

Article Country FIN. Nr. Delta Match Monit AFC ATC CC CD DC DD
Cooper et al. (1992) US-IA 1 10 0 0 38 22 800 0 1000 350

US-IA 1 10 0 0 63 54 800 0 1000 350
Bigoni et al. (2013) US-IN 0 .95 1 0 63 39.7 25 5 30 10

US-IN 0 .95 1 0 73.5 55.8 25 5 30 10
Camera et al. (2013) US-IN 0 .95 1 0 62.7 53.8 25 5 30 10
Camera and Casari (2009) US-IN 0 .95 1 0 45 59.5 25 5 30 10

US-IN 0 .95 1 0 45 59.5 25 5 30 10
US-IN 0 .95 1 1 61 81.5 25 5 30 10
US-IN 0 .95 1 1 42 58.6 25 5 30 10

Dreber et al. (2008) US-MA 0 .75 0 0 21 1 -2 2 0
US-MA 0 .75 0 0 43 2 -2 4 0

Fudenberg et al. (2012) US-MA 0 .875 0 0 79 61 2.625 -1.125 4.125 .375
US-MA 0 .875 0 0 54 32 .875 -1.375 2.375 .125
US-MA 0 .875 0 0 76 59 5.625 -.75 6.75 .75
US-MA 0 .875 0 0 75 49 1.75 -1.25 3.25 .25

Bereby-Meyer and Roth (2006) US-MA 1 10 0 1 60.8 62.26 .105 .005 .175 .075
Peysakhovich and Rand (2015) US-MA 0 .125 0 0 49.4 13 4 0 6 1

US-MA 0 .875 0 0 56 65 4 0 5 1
Fréchette and Yuksel (2013) US-NY 0 .75 0 0 75 65 40 12 48 20
Dal Bó and Fréchette (2013) US-NY 0 .9 0 0 30 32 12 50 25

US-NY 0 .5 0 1 71.43 54 48 12 50 25
US-NY 0 .75 0 1 63.04 70.5 48 12 50 25

Table C.7: Experimental studies used for the analysis
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...continued

Article Country FIN. Nr. Delta Match Monit AFC ATC CC CD DC DD
US-NY 0 .75 0 0 36.36 20 32 12 50 25

Bó and Fréchette (2011) US-NY 0 .5 0 1 41.38 35.29 48 12 50 25
US-NY 0 .5 0 1 39.8 17.98 40 12 50 25
US-NY 0 .5 0 1 28.33 9.82 32 12 50 25
US-NY 0 .75 0 1 21.76 20.25 32 12 50 25
US-NY 0 .75 0 1 26.33 58.71 40 12 50 25

Aoyagi and Fréchette (2009) US-OH 0 .9 0 0 52.4 30.51 25 15 28 16
US-OH 0 .9 0 1 63.64 74.43 25 15 28 16

Duffy and Ochs (2009) US-PA 0 .9 0 0 48.2 54.9 20 0 30 10
US-PA 0 .9 0 0 42.9 17.7 20 0 30 10

Kunreuther et al. (2009) US-PA 1 10 0 1 57 -12 -22 -10 -16
US-PA 1 10 0 1 38 -12 -23.4 -7.2 -15.96
US-PA 1 10 0 0 46 -12 -23.4 -7.2 -15.96
US-PA 1 10 0 1 27 -12 -22 -10 -16
US-PA 1 10 0 1 25 -12 -22 -10 -18
US-PA 1 10 0 0 26 -12 -22 -10 -18
US-PA 1 10 0 0 34 -12 -22 -10 -16

Davis et al. (2014) US-VA 0 .93 0 1 77 68 40 0 60 20
Table C.7: Experimental studies used for the analysis



Nederlandse Samenvatting

Onze opvatting over wat wij “rechtvaardig” vinden, ligt ten grondslag aan het vor-
men van een mening, het maken van beslissingen, ons gedrag en motivatie (Chory-Assad, 
2002; Van den Bos, 2001; Franke et al., 2013; Crockett et al., 2008). Rechtvaardigheid 
heeft daarmee een grote invloed in alle fasen van ons leven: het kan carrières maken of 
breken, relaties versterken of ruïneren en autoriteiten op een voetstuk plaatsen of er vanaf 
laten vallen. Rechtvaardigheid is kortom een cruciale factor van menselijke interactie. Uit 
wetenschappelijk onderzoek blijkt dat kinderen zich al op jonge leeftijd bewust zijn van 
rechtvaardigheid (Murnighan en Saxon, 1998; Sutter, 2007). Er werd bijvoorbeeld in een 
experiment met peuters gevraagd om drie koekjes te verdelen tussen twee personen. Eén 
van de twee deed hard zijn of haar best om de koekjes te maken terwijl de ander het groten-
deels liet afweten. Uiteindelijk bleek dat de peuters over het algemeen twee koekjes gaven 
aan degene die het meest zijn of haar best had gedaan terwijl degene die het grotendeels 
liet afweten er maar één kreeg (Liénard et al., 2013).

Gedragswetenschappers hebben laten zien dat interactieve omgevingen, waarin schi-
jnbaar identieke keuzemogelijkheden geboden worden, leiden tot verschillend gedrag 
afhankelijk van de wijze waarop de keuzemogelijkheden gepresenteerd worden of de 
context waarin de keuze plaatsvindt (Kagel et al, 1995; Kahneman en Tversky, 1979). 
Dit proefschrift onderzoekt de invloed van verschillende contextuele situaties op recht-
vaardigheid en coöperatief gedrag dat stoelt op rechtvaardigheid.

In economisch onderzoek kan de systematische analyse van rechtvaardigheid en de 
invloed daarvan op gedrag teruggevoerd worden tot het invloedrijke onderhandelingsex-
periment uitgevoerd door Güth et al. (1982) waarin proefpersonen lieten zien dat ze bereid 
waren om, in het belang van rechtvaardigheid, een persoonlijk offer te brengen. Sindsdien 
zijn er tal van experimenten uitgevoerd om het effect van preferenties waarin de uitkomsten 
voor anderen een rol spelen, waaronder rechtvaardigheid, te onderzoeken. Verschillende 
versies van experimenten met onderhandelingsspelen hebben bijvoorbeeld laten zien dat 
kopers regelmatig afwijken van egoïstische beslissingen door het aanbieden van positieve 
aandelen aan verkopers (Binmore et al. 1985; Kahneman et al., 1986; Forsythe et al., 1994; 
Hoffman et al., 1996; Cameron, 1999).
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Naast experimenteel onderzoek dat over het algemeen bevestigt dat rechtvaardigheid
in economische besluitvorming een rol speelt, worden elementen van rechtvaardigheid-
sprincipes ingevoegd in de klassieke nutsfunctie van theoretische gedragsmodellen. Deze
theorieën hebben gemeen dat het resultaat van andere spelers een rol gaan spelen in
de nutsfunctie van het individu. Het bekendste uitkomstgebaseerde model is het recht-
vaardigheidsmodel van Fehr en Schmidt (1999) waar iedere speler zijn resultaat vergelijkt
met het resultaat van iedere andere speler in een groep. In dezelfde periode introduceren
Bolton en Ockenfels (2000) een model waarin iedere speler zijn resultaat vergelijkt met het
gemiddelde resultaat van alle andere spelers. In het intentiegebaseerde model van Char-
ness en Rabin (2000) houdt iedere speler rekening met de intentie van de andere spelers en
vergelijkt zijn resultaat met het resultaat van de speler met het slechtste resultaat.

Deze modellen waren in staat om menselijk gedrag in sommige situaties te Verklaren,
zowel in de praktijk als in laboratoriumexperimenten (Fehr en Gächter, 2000; Fehr en
Gächter, 2002; Fehr en Schmidt, 2006; Fehr en Fischbacher, 2002). Deze onderzoeken
bevestigen dat preferenties waarin de uitkomsten voor anderen een rol spelen een belan-
grijke rol spelen in de besluitvorming van individuele spelers. Daarbij moet echter worden
opgemerkt dat de interactie tussen spelers plaatsvindt in een homogene setting wat be-
treft hun rol en positie binnen de groep. Om beter aan te sluiten bij realistischere sociale
structuren is theoretische en experimenteel onderzoek nodig waarin individuen onderzocht
worden in bevoorrechte en achtergestelde posities.

Dit proefschrift draagt bij aan het begrip van het effect van preferenties waarin
de uitkomsten voor anderen een rol spelen op het gedrag van individuen door een
vernieuwende analyse van de onderliggende factoren die de besluitvorming karakteriseert.
We onderzoeken het effect van de context waarin besluitvorming plaatsvindt op coöper-
atief gedrag. We zijn met name geïnteresseerd in het effect van de sociale context, de
strategische context en de culturele context op individueel coöperatief gedrag en recht-
vaardigheidsoverwegingen. Het volgende deel van deze inleiding zal kort ingaan op wat er
in ieder hoofdstuk van dit proefschrift wordt behandeld, vanuit welke motivatie deze studie
voortkomt en hoe onze belangrijkste bevindingen zich verhouden tot ander onderzoek.

Gedrag in context

In het tweede hoofdstuk bestuderen we een netwerkspel in een experiment waarin spel-
ers geplaatst worden op knooppunten van een netwerk waarbij zij alleen contact hebben
met hun directe buren. De beslissingen van spelers in dit netwerk zijn daarmee afhanke-
lijk van het gedrag van de buren in dit netwerk. Zo is bijvoorbeeld het complete netwerk
een netwerk waarbinnen alle spelers direct contact hebben met alle andere spelers in het
netwerk en de uitkomst van elke speler beïnvloed wordt door het gedrag van alle andere
spelers. We gebruiken een lokaal-publiekgoedspel dat gespeeld wordt op verschillende
netwerkstructuren en waar de bijdrage van iedere speler aan het publieke goed een klein
voordeel oplevert voor al zijn buren. Bramoulé en Kranton (2007) leiden voor dit spel



145

de speltheoretische voorspellingen af voor puur op het eigenbelang ingestelde individuen.
Daarbij houden ze rekening met de mate van symmetrie en transitiviteit. Het resultaat van
hun onderzoek laat zien dat er binnen iedere sociale structuur tenminste één gespecialiseerd
evenwicht aanwezig is. In zo’n evenwicht dragen deelnemers bij aan het lokale publieke
goed als de som van de bijdragen van hun buren lager is dan het optimale niveau in het spel,
terwijl ze in het andere geval free-riders gedrag vertonen. Gespecialiseerde evenwichten
zijn stabiel en in sommige netwerken geven ze unieke uitkomsten.

Met de aanname dat mensen niet alleen maar egoïstisch zijn, voeren we recht-
vaardigheidsoverwegingen bij dit model in. Daarbij vergelijkt iedere speler zijn resultaat
met dat van iedere andere individuele speler in zijn nabijheid en nemen we aan dat het nut
van iedere speler negatief wordt beïnvloed door de on- gelijkheid tussen bevoorrechting
en benadeling die voortkomt uit een hoger of lager resultaat vergeleken met iedere andere
speler in de groep. In hoofdstuk 2 ontwikkelen we een theorie over (marginale) recht-
vaardigheidsoverwegingen waarin we een antwoord zoeken op de volgende vraag: Hoe
beïnvloeden verschillende netwerkomgevingen individueel gedrag van individuen als zij
rechtvaardigheid in hun overwegingen meenemen?

Verderop in hoofdstuk 2 testen we onze theorie van marginale rechtvaardigheidsover-
wegingen in een laboratoriumexperiment door systematisch te variëren op de dimensies
symmetrie en transitiviteit. In dit experiment plaatsen we spelers in een vooraf bepaalde
interactiestructuur binnen een situatie waarin moet worden besloten over een lokaal publiek
goed. We bespreken hoe de mate van invloed tussen individuele spelers hun gedrag beïn-
vloedt en hoe rechtvaardigheidsoverwegingen en de positie van individuele spelers zich tot
elkaar verhouden.

In het derde hoofdstuk bestuderen we een tweede theoretisch model van marginale
rechtvaardigheid. We richten ons daarbij op de volgende vragen: Is de uiting van recht-
vaardig gedrag afhankelijk van de rol die een speler inneemt binnen een strategisch con-
flict? En: Hoe wordt het aantal Nash-evenwichten in strategische conflicten beïnvloed
door de sterkte van rechtvaardigheidsoverwegingen en overwegingen betreffende sociale
welvaart van de betrokken spelers?

Veel onderzoek naar preferenties waarin de uitkomsten voor anderen een rol spelen,
is gebaseerd op de resultaten van experimenten met ultimatumspelen, marktspelen en dic-
tatorspelen. De experimenten met de ultimatumspelen en de dictatorspelen vertoonden
afwijkingen van de voorspellingen voor ‘subgame perfect’ Nash-evenwicht in strategische
conflicten beïnvloed door de sterkte van rechtvaardigheidsoverwegingen en overwegingen
betreffende sociale welvaart van de betrokken spelers? Veel onderzoek naar preferenties
waarin de uitkomsten voor anderen een rol spelen, is gebaseerd op de resultaten van ex-
perimenten met ultimatumspelen, marktspelen en dictatorspelen. De experimenten met de
ultimatumspelen en de dictatorspelen vertoonden afwijkingen van de voorspellingen voor
‘subgame perfect’ Nash-evenwichten waarin één speler alle voordelen van een transactie
toebedeeld krijgt. Deze afwijking wordt toegeschreven aan rechtvaardigheidsoverwegin-
gen van de spelers (e.g., Güth and Tietz, 1990; Roth et al., 1991; Kagel et al., 1995).
Terwijl Forsyth et al. (1994) laten zien dat het gedrag van spelers die de voorstellen doen
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niet volledig kan worden toegeschreven aan deze rechtvaardigheidsoverwegingen. Ook
wanneer we het gedrag van de aanbieders in aanmerking nemen, blijft het onduidelijk of
afwijzingen van positieve aanbiedingen puur en alleen toe te schrijven is aan resultaten
of ook de behoefte om onaardige acties van aanbieders te straffen reflecteren (Bereby-
Meyer and Niederle, 2005). Tevens blijkt dat de activiteiten van spelers in ultimatumspe-
len niet overeenkomen met berekeningen op basis van ‘backward induction’. Hetzelfde
geldt voor eenmalige en herhaalde publiekegoedspelen met en zonder de mogelijkheid te
straffen (Willinger and Ziegelmeyer, 1999, Sonnemans et al., 1999, Masclet et al., 2003).
Daarom behandelen we in dit hoofdstuk niet alleen het ‘subgame perfect’ Nash-evenwicht,
maar alle Nash-evenwichten van deze spelen. We maken een karakteristiek van alle Nash-
evenwichten van al deze spelen voor verschillende graden van rechtvaardigheid om de mate
van rechtvaardigheid te kunnen identificeren door het observeren van individueel gedrag in
verschillende strategische contexten. We testen onze voorspellingen door gebruik te maken
van bestaand experimenteel onderzoek.

Net als de sociale en strategische context, spelen sociale normen een belangrijke rol
voor individueel gedrag. Sociale normen helpen ons om ons gedrag vorm te geven aan de
hand van wat de mensen om ons heen als adequaat, correct of gewenst beoordelen. Een
sociale norm kan geïnterpreteerd worden als een gedragsregel die negatieve consequenties
heeft voor diegenen die deze regel niet toepassen (Maskin, 2010). De cultuur van een
samenleving kan daarom gezien worden als een samenspel van sociale normen die een
belangrijke invloed uitoefenen op die samenleving. Dit samenspel van sociale normen kan
een basis zijn voor culturele verschillen tussen verschillende landen.

In het vierde hoofdstuk verzamelen we data van verschillende laboratoriumexperi-
menten in verschillende landen. Daarmee proberen we verschillen in gedrag te verklaren
door de culturele oriëntatie van spelers in de experimenten in kaart te brengen (d.w.z. of
de speler een meer collectivistische of individualistische oriëntatie heeft (Hofstede et al.,
1991)). We vergelijken de resultaten van laboratoriumexperimenten met deelnemers uit re-
latief meer individualistisch ingestelde Westerse landen en deelnemers uit relatief meer col-
lectivistisch ingestelde Aziatische landen en onderzoeken of er verschillen zijn in gedrag.
De onderzoeksvraag die hieraan ten grondslag ligt is: Op welke manier is individueel
gedrag in herhaalde gevangenendilemmaspelen verbonden met culturele dimensies zoals
individualisme en collectivisme?

Conclusie

Dit proefschrift was erop gericht de rol en de impact van de sociale, strategische
en culturele context op individueel coöperatief gedag en gedrag waarbij de uitkomsten
voor anderen een rol spelen te onderzoeken. We hebben onderzocht hoe gedrag dat
(deels) door rechtvaardigheid gemotiveerd wordt varieert met de contextuele situatie waarin
besluitvorming plaatsvindt. De literatuur over gedrag waarbij de uitkomsten voor anderen
een rol spelen, bevestigt over het algemeen dat spelers niet compleet egoïstisch zijn en zich
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bekommeren om verschillen in resultaten. Experimentele resultaten zijn consistent met
uitkomstgebaseerde modellen van sociale preferenties. Alhoewel deze modellen in staat
zijn een groot deel van de resultaten van laboratorium experimenten te verklaren blijven
een aantal vragen met betrekking tot rechtvaardigheidsoverwegingen onbeantwoord. Dit
proefschrift zocht naar een antwoord op twee van deze vragen. Ten eerste: Hoe wordt
coöperatief gedrag dat wordt gemotiveerd door rechtvaardigheidsoverwegingen beïnvloed
door de context waarin besluitvorming plaatsvindt? En ten tweede: Hoe beïnvloedt cultuur,
als een samenspel van sociale normen, coöperatief gedrag in laboratoriumexperimenten?

Onze resultaten laten zien dat de mate waarin spelers bijdragen leveren aan een geza-
menlijk doel grotendeels afhankelijk is van hun positie in de netwerkstructuur. Wanneer we
rekening houden met de (a)symmetrie en (in)transiviteit van de interactiestructuur tussen
individuen, vinden we dat slechts in specifieke (volledig symmetrische en transitieve) sit-
uaties rechtvaardigheidsoverwegingen een positieve bijdrage leveren aan een beweging
richting gelijkwaardigere uitkomsten. Voor situaties waarin er sprake is van een hoge mate
van asymmetrie en intransitiviteit hebben marginale rechtvaardigheidsoverwegingen geen
preventieve werking op oneerlijke uitkomsten en hebben mogelijk juist een versterkend
effect op onrechtvaardig gedrag. Wanneer we het effect van de interactiestructuur op indi-
viduele rechtvaardigheidsoverwegingen in acht nemen, dan valt op dat de mate waarin het
gedrag van spelers rechtvaardigheid vertoont, varieert met de verschillende rollen die zij
innemen in dezelfde strategische context. Men probeert inderdaad de verschillen in indi-
viduele resultaten te verkleinen, maar alleen wanneer dit goedkoop is en het niet al te veel
ten koste gaat van het eigen resultaat. Wanneer we, ten slotte, het effect van culturele nor-
men op individueel gedrag in de beschouwing betrekken, dan vinden we dat de mate van
coöperatief gedrag niet wordt beïnvloed door de mate van individualisme die heerst bin-
nen een groep. Op basis van dit resultaat overwegen we de mogelijkheid dat cultuur niet
per se een nationaal fenomeen hoeft te zijn, maar evengoed kan bestaan uit een samenspel
van normen en waarden dat gedeeld wordt door mensen van dezelfde generatie, gender,
taalgroep, opleiding, etcetera, onafhankelijk van waar ze wonen.
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