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Chapter 1
Introduction

This thesis is built on three independent studies. Each essay is concerned with
investigating how people behave in a social context. Chapters 2 and 3 are on
cooperation and networks. In these two chapters, we investigate how social structure
(networks) can be helpful or hurtful in establishing cooperative behavior. Chapter 4 is
thematically somewhat different. In this chapter, we study why people experience social
emotions, such as anger towards others. The study provides evidence that people can
anticipate the future behavior of strangers and we establish a link between the
predictability of behavior and emotional responses.
The three essays share the same methodology. All use laboratory experiments to
test theoretical predictions. Laboratory experiments provide a high degree of control,
which is more difficult to obtain in the field. This makes it a fruitful environment for
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theory testing. In chapters 2 and 3, we exploit the laboratory to fix parameters, derive
precise predictions and isolate the underlying mechanisms for the behavior we observe.
In chapter 4 we see that, despite the controlled environment, people experience real
emotions in the laboratory, which in turn correlate with their behavior, just as they do
outside the lab. Below, we summarize each of the three studies. A summary in Dutch is
provided at the end of this thesis.
In Chapter 2 we study a novel mechanism that facilitates efficient public good
provision. The mechanism is based on the intuition that in many examples of successful
public good provision, competition for ‘status’ plays an essential role. Status may yield
an internalized psychological reward; for example, contributors may be driven by the
prestige or warm glow that their exemplary behavior generates. Such status
considerations – which we call ‘status rents’ – play a role in the creation of public goods
such as Wikipedia or open source software. In these environments, typically a small
subset of contributors is responsible for the vast majority of contributions.
To study this, we use a repeated version of the network formation game by
Galeotti and Goyal (2010). In this game, each player simultaneously chooses links to
other players and their own investment to the public good. Players consume some
public good, which they can do either by investing personally or by making links to
others who invest in the public good. In all (strict) Nash equilibria of the one-shot game,
a core-periphery network is formed. A small number of players form the core of the
network and provide the public good, while the majority of players form the periphery
and free-ride on the contributions by linking to the players in the core. A special case of
a core-periphery network is a star, where a single player forms the core and all others
are in the periphery.
We introduce status rents in the Galeotti and Goyal (2010) model by awarding
players a monetary payoff for each incoming link. Adding these status rents does not
affect the set of stage-game equilibria, but it does change the payoffs of the core
players. In the case without status rents, players in the core (who provide the public
good) earn less than those in the periphery. Introducing status rents changes this: core
players earn more as status rents or group size increase, making the core position more
attractive. In this chapter, we develop a simple behavioral model that describes how
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people compete for attractive network positions. Using laboratory experiments, we test
the predictions of the behavioral model.
In the experiment, we systematically examine the effects of group size and status
rents. The experimental results provide very clear support for a competition for status
dynamic. In the absence of status rents, groups fail to converge to stable networks.
Investments are low and unstable, leading to coordination failures and large
inefficiencies. The picture changes completely when there are status rents. Almost all
groups converge on stable star networks and the level of public good provision depends
positively on both group size and the level of the status rents. We show that
underprovision, efficient provision or even overprovision can result from competition
for status. Two control treatments allow us to reject the possibility that the high
contributions to the public good we observe are driven by social preferences. We
conclude that, in our setting, competition for favorable network positions is essential for
the efficient provision of public goods.
A long-standing idea is that having power affects behavior. More specifically, a popular
belief is that the possession of power dilutes one’s moral character: power corrupts. In
Chapter 3 we address this idea in a specific setting and explore how power asymmetries
affect cooperative behavior in groups. We study whether, and if so how, cooperation is
affected by having power and how those without power respond to its (ab)use.
In a laboratory experiment, groups of five players play classic social dilemma
games. In the experiment, players have to decide how to allocate their endowment (i.e.
their money) between a private account and a group account. The tradeoff follows from
the fact that the private account yields a higher private return while the group account
yields a higher return for the group as a whole. This means that the group will earn most
if everybody contributes everything to the group account, but each individual can earn
more by putting their money in their private account.
We create power asymmetries by placing one of the five players in a more
powerful position than the others. Power is derived from one or two of the following
sources. First, in some treatments the powerful player has authority over the allocation
of the surplus. That is, the powerful player decides how much of the group account to
keep for her/himself and how much to share with the others. We call this power from
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authority. Second, it varies by the position that a player has in a network. The powerful
player fulfills a central position in the network: (s)he connects two pairs of other
players. This creates power from centrality. We argue that central players have more
power, as they are vital to keep the group together.
To create power from centrality, players are given the opportunity to ostracize
others from the group. Ostracizing the central player is more costly than ostracizing one
of the periphery players.1 In the former case the group breaks apart and one can no
longer benefit from cooperating with some of the others. Ostracism also allows us to
investigate how people respond to power and (un)cooperative behavior. If players with
power take advantage of their position, are they punished for this? Or is such behavior
tolerated?
Our results show that power matters but that its effects hinge strongly on the
type of power involved. Players with authority often act more cooperatively than those
without such power. Nevertheless, when possible, they are quickly ostracized from the
group. Thus, this kind of power is not tolerated by the powerless. In stark contrast,
power from centrality leads to less cooperative behavior and this free riding is not
punished; conditional on cooperativeness, players with power from centrality are less
likely to be ostracized than those without. Hence, not only is this type of power
tolerated, but so is the free riding it leads to.
Some people anger easily if someone treats them badly. Getting angry is costly
however. When people are angry, they might destroy goods, damage or break valuable
relationships, or engage in fights with others. So, why do people get angry? In Chapter
4 we investigate a possible explanation: anger serves as a commitment device. Frank
(1987, 1988) proposed that emotions such as anger have strategic value by functioning
as a commitment device. Anger causes us to engage in behavior that is otherwise costly.
This makes a threat to punish credible. We define people who punish others at a cost to
themselves out of anger to have an ‘angry button’. At first sight, having an angry button
seems costly. You would be better off if you would not explode at an insult. However,
if others can anticipate that you will anger, they might treat you better and having an

1

This is true if some of the other players are contributing to the group account.
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angry button would be beneficial. The crucial assumption is that others should be able
to detect who will anger before the anger is triggered.
In Chapter 4 we test this assumption. We study whether people can detect angry
buttons. For this, we conduct a two-stage experiment. In the first stage, photos and
videos are taken of people before they play an ultimatum game. In the ultimatum game
two players bargain over how to divide a sum of money. A proposer can make one offer
(an ultimatum) to a responder how to divide the sum of money. If the responder accepts,
the money is divided as proposed, but if (s)he rejects both players get nothing. The
ultimatum game is particularly suitable for our study, as responders face a clear
commitment problem: if (s)he could somehow commit to rejecting low offers, a
proposer would make him/her a better offer. Moreover, we know from previous studies
that people who receive low offers in the ultimatum game experience negative emotions
such as anger. In the second stage third-party observers are presented with the photos
and videos from the first stage. They are shown pairs of people who received a low
offer in the first stage. In each pair one person rejected and the other accepted. The task
of the observers is to predict who rejected the low offer.
We find that observers are able to predict better than chance. The effects are
modest, but significant: on average responders judge 55% of the pairs correctly in the
photo tasks. We might expect though, that people do better when they are presented
with someone who has an angry button. To estimate someone’s angry button, we
videotaped responders while they were making their decision. We use face reading
software that quantifies facial expressions to measure the anger that responders
experience when they receive a low offer. We find that observers do particularly well
for those responders who become visibly angry. For those who are likely to have a big
angry button, the accuracy in the photo tasks is 62%. In sum, this provides support for
Frank’s hypothesis that anger can serve as a credible commitment device.
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Chapter 2
Competition for Status Creates Superstars1

2.1

Introduction

The provision of public goods often benefits from the exemplary performance of a
small subset of players. People volunteering to help out at amateur sports teams, for
example, usually show extraordinary dedication and spend a substantial part of their
free time working at the club instead of being with their families. Academics spend
much more time organizing workshops than can reasonably be expected in a one-shot
game and editors dedicate a lot of their time to their journals without proper contingent
reimbursement. A very small set of people is usually responsible for developing open
source software (OSS; Lerner and Tirole 2002; Crowston et al. 2006) and a limited

1

This chapter is based on van Leeuwen et al. (2014b).
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number of people make most contributions to Wikipedia (Voss 2005; Ortega et al.
2008).
The ease with which examples of efficient public good provision by a small
subset of a group come to mind contrasts sharply with observed behavior in laboratory
experiments. In applications where the efficient outcome can only be supported as an
equilibrium of the repeated game, coordination on this efficient outcome is rarely
observed in the laboratory. In fact, such experimental supergame results are by and
large limited to games with two players, and even there efficient play tends to be fragile
(see for instance the evidence reviewed in Huck et al. 2004). An additional behavioral
mechanism is usually needed to support the emergence of the efficient outcome.
Examples of such mechanisms include the possibility to punish defectors in public good
games (Fehr and Gächter 2000) and the possibility to exclude badly behaving members
from consuming the public good (Cinbyabuguma et al. 2005). These mechanisms
cannot explain the efficient provision of a public good by only a few members as in the
examples above, however.
In this chapter, we explore the effectiveness of a novel behavioral mechanism
that allows players to realize efficiency gains in repeated games. This is based on the
intuition that in many examples of successful public good provision, competition for
‘status’ plays an essential role. Status may yield an internalized psychological reward;
for example, contributors may be driven by the prestige or warm glow that their
exemplary behavior generates (Lakhani and Wolf 2005; von Krogh and von Hippel
2006; Fershtman and Gandal 2011). Alternatively, status may yield expectations of
material returns, e.g., contributors like OSS-developers may recognize that their
conspicuous contributions can serve as a stepping stone to a better job in the future
(Lerner and Tirole 2002; 2005); or may lead to payments by a third party, e.g. through
advertisements (Roberts et al. 2006). In this chapter, we will refer to all such benefits
(psychological and material) as ‘status rents’. Status rents will encourage players to
compete in terms of ‘good’ behavior. The most important contribution of our study is
that we show how – if the rents are high enough – competition for status encourages a
single player to realize efficiency gains for the entire group. We identify the
circumstances under which inefficient provision, efficient provision and even
overprovision of the public good are to be expected.
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The model introduced by Galeotti and Goyal (2010) – GG hereafter – provides a
fruitful theoretical structure for our analysis. In their network formation game, each
player simultaneously chooses links to other players and their own investment to the
public good. Players consume some public good, for instance OSS code, which they can
do either by investing personally (writing code) or by making links to others who invest
in the public good (using someone else’s publicly available code).
In GG’s baseline model there are no status rents. We introduce these in their
model by awarding players a monetary payoff for each incoming link. GG’s main result
is that in every strict equilibrium of the game, the number of players who invest in the
public good is limited. These players – ‘the influencers’ – form the core of the network.
Other (periphery) players link to the core, without contributing themselves. Together,
the players form a core-periphery network. If the core consists of only one player, we
say that a star has formed. Important for our purpose is that GG’s main result is
unaffected by the introduction of status rents.2
In the one-shot game that GG study, efficient cooperation is not supported in
equilibrium. In the finitely repeated game that we are interested in, a plethora of
equilibria can be supported in equilibrium, including one with efficient provision of the
public good almost until the end. To shed light on which of these repeated game
equilibria is to be expected, we introduce a simple behavioral model in which selfish
players compete for attractive network positions. In this dynamic level-k model, we
assume that players are forward looking with limited foresight. The model predicts
whether a repeated game equilibrium will be reached, and if so, which one.
In situations without status rents, the periphery position is more attractive than
the core position. In these circumstances, players prefer others to do the painful job of
providing the public good, and the behavioral model predicts that the star networks are
unstable and inefficiency will result. With status rents, the core position can become
more attractive than a periphery position. As a consequence, players will compete to be
in the core. We show how the person willing to invest most in the public good attracts


2

GG’s model explains findings reported in early work by Lazarsfeld et al. (1944) and Katz and
Lazarsfeld (1955). These suggest that individuals’ roles in the network are distributed in a specific way,
where a limited number of individuals influence the majority. This has been observed in applications as
diverse as fashion, opinions and voting. These observations imply that information is typically acquired
and shared in networks with a core-periphery structure, where a small core acquires information and a
large periphery free rides.
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all links and becomes the core player in a star network. Competition for status forces the
core player to invest up to the level where payoffs across network positions are roughly
equalized, i.e. to the point where periphery players no longer have an incentive to
challenge the core player by investing more. This process yields a repeated game
equilibrium with an investment in the public good that follows from the parameters of
the game.
In the laboratory, we investigate how competition for status affects public good
provision in an environment where players decide both on their contributions and on
their network connections. In particular, we consider two network characteristics that
according to the behavioral model will systematically affect the extent to which the
public good is provided and the structure and stability of the network. The first is the
extent of status rents that a player derives from incoming links; these rents are absent, of
medium value or of high value. The second characteristic is group size, which is either
small (4 players) or large (8 players). In a full 3x2 design, we systematically vary status
rents and group size in such a way that the (stage-game) equilibrium predictions of the
GG model remain unaffected.
In contrast, our behavioral model predicts that behavior will vary systematically
across our two treatment dimensions. Only with sufficiently large status rents, we
predict convergence to a stable core-periphery network. The particular equilibrium
selected depends on the two characteristics. Essentially, provision of the public good
benefits from an increase in status rents per link as well as from an increase in group
size.3 Finally, we add two control treatments to the design, in which the network
structure is exogenously imposed and based on actual networks formed in the
endogenous counterparts. This allows us to isolate the competition-for-status
explanation from other possible explanations of contributions by the core (e.g., certain
kinds of other-regarding preferences).
In our experiments, we implement the game in a straightforward manner.
Subjects participate in only one of the eight (3x2+2) treatments. They are informed that
they remain in the same group for 75 periods and they are informed of the relevant

3

In the working paper that this chapter supersedes (van Leeuwen et al. 2013), we considered four
treatments that differed in many respects from the treatments reported here. The behavioral model that we
propose in this chapter was inspired by studying the individual data of our working paper. Importantly, all
tests of the model are out of sample. None of the data collected for the previous paper are used here.
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parameters (most importantly, group size, status rents, linking costs, the costs of
investing in the public good and the benefits that they derive from having access to the
public good). They know that they have access to their own public good investments
and to the investments of the players to whom they have created links. In each period,
subjects simultaneously make their links and investment decisions (except in the control
treatments, where they only make investment decisions).
Our experimental results for the treatments with endogenous network formation
provide clear evidence that participants compete for status rents. The existence of status
rents is necessary for stable star networks to form and the extent of such rents and group
size both boost the provision of the public good. Without status rents, even in the final
25 periods star networks are only observed in 10% of the cases. This means that in
almost all cases, public good provision is decentralized and subjects access on average
less of the public good than the stage-game Nash amount. As a result, outcomes are
highly inefficient and average experimental earnings are even below what could be
expected if there was no scope for networks to form. At the other extreme (with high
status rents), in the final 25 periods subjects in the core of a star contribute close to the
efficient amount (on average 97% of the efficient amount) when groups are small and
they vastly overcontribute when group are large (on average 173% of the efficient
amount). In these cases a star network is formed in 53% and 86% of the cases,
respectively. Note that in our network game group size has a positive influence on
contributions to the group. This is in sharp contrast to previous experiments on
supergame effects. Finally, in the treatments with high status rents, but also in the
treatment with medium status rents and large groups, we observe that groups mostly
converge to ‘superstars’, in which the core player invests in more units of the public
good than is expected in the stage game equilibrium.
Our behavioral model predicts the comparative statics that we observe. Groups
tend to converge to the repeated game equilibria selected by our model. Further support
comes from the process by which this occurs. In the first half of these treatments, in
most groups multiple subjects compete by investing heavily in the public good. They
then converge to a superstar in the second half of the experiment. We believe that our
study is the first to generate convergence to stable supergame effects in experimental
network games. Finally, our results confirm a central prediction of the GG model, that
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is, that the maximum number of players who invest and form the core is independent of
group size.
The results for the endogenous network formation treatments are consistent with
the hypothesis that players compete for status. There are, however, other possible
explanations for the results. Bloch and Jackson (2007) argue that an exchange of
transfers can lead to efficiency gains in repeated network games. Alternatively, core
players may feel that it is their duty to reciprocate by investing more in the public good
if they receive high rents from incoming links. Or, altruism or inequity aversion may
motivate them to share some of the windfall gains that high status rents bring. Notice
that all these alternative mechanisms are fundamentally different from a mechanism that
is based on selfish players competing for status. In particular, our status dynamics
predict that endogenous network formation is crucial for supergame effects to emerge.
In this mechanism, supergame effects are not expected when players participate in an
exogenously determined network. In contrast, if one of the other mechanisms drives the
results, the emergence of supergame effects should not depend on the way the network
is formed. This is the reason why we include two control treatments with exogenous
networks.
The results for these controls provide strong support for our conjecture that
supergame effects are primarily driven by competition for status. We observe many
more superstars when networks are formed endogenously than when they are
exogenously imposed. In comparison, the positive role of social motivations is
negligible. With exogenous networks, only a handful of pro-socially motivated core
players contribute more than would be expected on the basis of selfishness. We
conclude that superstars need status rents; these trigger competition between the
players, which has a substantial impact on the provision level of the public good, and on
the shape and stability of the network.
The remainder of this chapter is structured as follows. We start with a brief
discussion of previous studies in Section 2.2. We present the theoretical framework in
section 2.3. Section 2.4 describes the experimental design and procedures and in section
2.5 we provide equilibrium and efficiency predictions for the game with the parameters
of the experiment. The results of the experiment are described in section 2.6 and section
2.7 concludes.
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2.2



State of the Art

There is a relatively large theoretical literature on network formation and the provision
of public goods in networks, either with endogenously formed networks or exogenously
given networks.4 Most relevant for our study is GG (Galeotti and Goyal 2010), who
extend the network public goods game of Bramoullé and Kranton (2007) by adding
endogenous network formation using the protocol designed by Bala and Goyal (2000).
As mentioned above, we employ the GG framework in our experiment.
Closest to the current study are two other papers that use the GG-framework in
laboratory experiments. However, both papers focus on other treatment variables than
we do. The first is Rong and Houser (2012), who use the best-shot version of the GGmodel, i.e. players face a binary choice whether or not to invest. Between treatments,
they vary the strategy set of the players and consider the effects of sequential decision
making. They find that a restricted strategy set yields more equilibrium (star) networks,
while sequential decision making does not lead to more equilibrium behavior. The
second is Goyal et al. (2013), who study the effects of varying the costs of linking and
introducing individual heterogeneity. They find that increasing link costs leads to fewer
links being made and lower aggregate earnings. Their results, as well as those of the
baseline treatment in Rong and Houser (2012), line up well with the results in our
treatments without status rents. In all cases, (equilibrium) core-periphery networks are
rarely observed and social welfare is low due to the ineffective network structures.
In our setup, players decide both on their network connections and their
investments in a (local) public good where investments are strategic substitutes. These
two elements have also been studied in isolation. In experiments purely concerned with
network formation (i.e. players only decide on their links) a typical result is that groups
rarely converge to equilibrium (star) networks when equilibrium payoffs between
different positions are asymmetric (Falk and Kosfeld 2012). Introducing heterogeneity
in values can reduce payoff asymmetries; as a result star networks form more often
(Goeree et al. 2009). Other experimental studies consider public good games with


4

For an overview of the theoretical literature on network formation, see for example Goyal (2007) or
Jackson (2008). Other theoretical papers that study public good provision on endogenously formed
networks include Cho (2010) and Cabrales et al. (2011). Galeotti et al. (2010), Boncinelli and Pin (2012)
and Bramoullé et al. (2014) study public good provision on exogenous networks.
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strategic substitutes, but on fixed networks (Rosenkranz and Weitzel 2012; Charness et
al. 2014).5
To the best of our knowledge, we are the first to study endogenous network
formation in combination with public goods investment and status rents. Our
introduction and analysis of status rents also sheds light on results observed in previous
field and laboratory studies. In a natural field experiment, Zhang and Zhu (2011)
investigate contributions to Chinese Wikipedia. They interpret the repeated blockings of
Chinese Wikipedia in mainland China as an exogenous variation in group size and
observe that contributions increase when groups are larger. Restivo and van de Rijt
(2012) provide an example of how status rents may be operationalized in the field. They
show that informal rewards (‘barnstars’) encourage contributors on Wikipedia to
increase their contributions. In laboratory experiments, providing rankings based on
pro-social behavior can positively affect giving in dictator games (Duffy and Kornienko
2010). Finally, the positive effect that intergroup competition has on cooperation (e.g.
Bornstein et al. 1990; Schram and Sonnemans 1996; Nalbantian and Schotter 2007;
Reuben and Tyran 2010) may also be attributable to intragroup status.
Aside from status rents, one could interpret the benefits from an incoming link
as a transfer between players. Transfers (or side payments) can be an effective way to
sustain otherwise unstable networks (Jackson and Wolinsky 1996; Bloch and Jackson
2007). However, our focus is on the competition for links that arise when there are
status rents. This turns out to be important. Our two control treatments with exogenous
networks show that transfers per se are insufficient to generate the supergame effects
that we observe with endogenous networks.
Finally, there is some related work that supports the approach of our behavioral
model. Previous theoretical work has studied network formation with forward-looking
players (Dutta et al. 2005; Herings et al. 2009). In our behavioral model, we assume that
players are forward-looking with limited foresight. This assumption is supported by


5

Other papers that experimentally study public goods on exogenous networks include Fatas et al. (2010),
Carpenter et al. (2012) and Leibbrandt et al. (2014). Eckel et al. (2010) study public good provision on
fixed star networks and assign the core positions in some treatments to either ‘high-status’ or ‘low-status’
individuals. Status is determined by performance on a trivia quiz. High-status core players are more often
mimicked by the periphery than low-status core players. Several other experimental papers that
investigate games on an endogenous network (e.g. Ule, 2005, Corbae and Duffy, 2008, Knigge and
Buskens, 2010, Berninghaus et al., 2012, Wang et al., 2012) use games that differ substantially from ours.
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experimental work on network formation (Callander and Plott 2005; Berninghaus et al.
2012; Kirchsteiger et al. 2013; Caldara and McBride 2014).

2.3

Theory

2.3.1 Stage game and static analysis
We study the one-way flow variant of the static game in GG and extend the model to
allow players to enjoy status rents for each incoming link. Wherever possible, we
follow the notation in GG.
Denote the set of players by      . Every player    simultaneously
decides on her (public good) investment level  and the links  that she forms.
Investments are a non-negative integer, i.e. players select their investments from the set
       The vector            specifies the links that 
forms, where    if  forms a link to  and    if not. Hence, a strategy for
player  consists of the combination of her public good investment and links and we
denote this by       , and i’s strategy space is denoted by  . The linking
decisions of all players jointly define the (directed) network architecture
             and           denotes the vector of investments. A
strategy profile is then denoted by    . The set of all possible strategy profiles is
denoted by .
Forming a link to another player  allows  to access  ’s investment. Let
         denote the set of players that  links to and      
the number of links that  forms. Likewise, we denote the number of links that are
formed to  by         . The total investment that  accesses is then
given by    

   .

The benefits   of accessing units are increasing and

concave in  . Note that the investments of  and of the players she has linked to are
perfect substitutes:  values her own investment the same as any investments by any
   .
Investing in units of the good comes at a constant marginal cost of    per
unit and making a link comes at a cost   . Players receive status rents    from
each incoming link. We take   , which ensures that making links has a net cost to
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society. This results in the following payoff function:
            
If we assume self-regarding preferences, a strategy profile   is a strict Nash
equilibrium if for every player    it holds that


   
    
   ,

where    
is the stage-game payoff of player  given that she chooses  and

.
the other players choose 

In any strict Nash equilibrium, a core-periphery network is formed where the
players in the core invest in the public good and players in the periphery do not invest.
This is the main result in GG. The proof of this and subsequent results is relegated to
Appendix 2.A.6,7 In a core-periphery network, any player forms links to all the core
players but not to any of the periphery players. In equilibrium, the players in the core
jointly invest in  units, defined as the optimal public good investment if players would
act in isolation. The maximal number of players that can be sustained in the core (and
invest) is independent of group size and status rents. A special case is the Nash star. In
this outcome, a single player forms the core and invests in  units. When we refer to
‘stars’, we always mean periphery-sponsored stars.
If   , the Nash star is always a strict Nash equilibrium.8 The intuition is the
following. The marginal benefits of the public good exceed the costs of investing up to
 units of the good. This implies that every player wants to access at least  units of the
good. Suppose there exists some player  that invests in  units. When forming a link is
strictly less costly than investing in  units, i.e.   , the best response of any other
player than  would be to link to  and not invest, hence a star forms where the core
invests and all others free-ride and link to the core. Finally, for , given that no other


6

This, and the following results carry over from GG. As we study a slightly modified game with discrete
investments and one-way flow, we provide the proofs in Appendix 2.A for completeness.
7
We only consider the (arguably most interesting) case where   . If the reverse holds, the unique
Nash equilibrium is the empty network (i.e. no links are formed) where all players invest in  units.
8
As we will describe in section 2.5, the Nash star is the only type of stage-game Nash equilibrium in our
experiments.
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player is investing, it is optimal to invest in  units. There are  such equilibria: one for
each player being in the core.
Note that the rents from incoming links play no role in this intuition. This is why
the stage-game equilibria are independent of the level of status rents. More formally,
given a collection of strategies  of all players   , player  will prefer strategy 
over  if
(2.1)

                     
     .

As the strategies of all other players are fixed, it must be that        and the
final term on the left hand side of (2.1) cancels. Then, i’s decision is independent of the
status rents  and the set of Nash equilibria must be independent of . Moreover, as we
show in Appendix 2.A, the number of players in the core is independent of group size.
We define social welfare  resulting from a strategy profile  as the sum of all
individual payoffs, i.e.  

  .

A strategy profile  is called efficient if

         .
Based on this definition, the efficient outcome is a star in which the core player invests
in (weakly) more units than in the Nash star, while the periphery players do not invest.
This is the case because all players – either in the periphery or the core – benefit from
additional investments by the core. The efficient investment by the core is denoted by
   (see Appendix 2.A). Note that any investment by the core above  units will lead
to welfare losses. In our further analysis, we refer to superstars. We call an outcome a
superstar if it is a star where the core invests in strictly more units than in the Nash star.
Note that efficient outcomes are superstars if   .
2.3.2 Subgame perfect equilibria
The finitely repeated game that we study hosts a plethora of equilibria. Appendix 2.D
provides more details. In Proposition 2.D.1 we show that efficient superstars can be
sustained in a subgame perfect repeated game equilibrium. Both with and without status
rents, efficient superstars can be sustained by rotating the core position. Such rotation
requires tremendous coordination, however, and is unlikely to be observed in laboratory
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play (e.g. Goeree et al. 2009; Falk and Kosfeld 2012). Considering only subgame
perfect equilibria with fixed positions, Proposition 2.B.2 shows that efficient superstars
can be sustained in equilibrium only when there are status rents.
Although status rents affect the set of repeated-game equilibria, subgame
perfection in itself provides little guidance which equilibrium, if any, to expect. As
argued before, we hypothesize that players will compete for attractive network
positions. We capture this hypothesis in a simple behavioral model, which we use to
derive predictions for the experimental treatments.
2.3.3 Competition for status
Our competition for status dynamic is motivated by the idea that players jockey for a
position in the periphery or the core, whichever they consider most attractive. As noted
before, status rents do not affect the set of stage-game equilibria, but they do affect the
payoffs of players in the core. In any strict Nash equilibrium, the core players earn less
than the periphery players in the absence of status rents. Introducing status rents
increases the payoffs of core players, without affecting those in the periphery. The
effect on core payoffs depends on group size. Hence, status rents and group size jointly
determine the relative payoffs between players in the periphery and the core.
Players can use their investment decision to obtain a more attractive position.
Note that the linking decisions are less useful to jockey for a position than the
investment decision. The reason is that other players decide with their links whether a
player becomes part of the periphery or the core. In contrast, the investment decision is
entirely at the disposal of the individual herself. To capture this difference, we assume
that for the investment decision, when players form expectations about how play will
unfold in the future, they look forward with limited foresight. With their linking
decisions, players simply choose myopic best responses to the current investment
profile. To generate predictions of our competition for status dynamic, we have to make
further, more specific, assumptions. In doing so, we assign a lot of weight to simplicity.
In the model, each period consists of two phases. In the first, one randomly
assigned player reconsiders her investment in the public good. No other player changes
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her investment.9 This determines the investments   .10 In the second phase of period 
every player    revises her linking decision  by playing a myopic best response
to   . When reconsidering their investment, we assume that players are forward looking
with limited foresight, taking future responses of the other players into account. If a
player is selected to revise her investment choice, she chooses the level that maximizes
her expected payoff in the current period  and the immediate next period   ,
anticipating how others will respond in the near future and assuming that her investment
decision will be the same in bothand   . When imagining how play will unfold for
each possible investment level, the player assumes that the other players will
occasionally revise their investment decisions with limited foresight.
The way we model forward-looking behavior can be interpreted as a ‘dynamic
level-k model’. We assume that a player who updates her investment considers the next
two periods, while she expects that others will look only one period ahead. This is akin
to ‘level-k’ models, where a player with level  plays a best response to other players
who reason    steps ahead. Our assumption that    lines up well with
experimental evidence on beauty contest games (Nagel 1995; Duffy & Nagel 1997).
If some player  updates her investment  at time , she expects that others will
play myopic best response with their links in response to her investment  and the
investments of all other players (which did not change from period   . Denote this
vector of investments at time  by            where       .
That is,  expects a myopic best response where she, and all other players, choose 
such that:
                . 11
Furthermore,  expects that at    one other player  will consider updating her

9

In the experiment, all subjects decide simultaneously on their investments and their links. We depart
from this in the behavioral model for tractability.
10
To enable description and analysis of the dynamics, we add subscript  to all relevant variables from
here onward.
11
Note that a player’s myopic best response for her links is independent of the links of other players in
our game with one-way flow. For some   , there exist multiple best replies in the linking decisions, i.e.
when two players invest in exactly the same amount. In this case, we assume that players will not change
their links, i.e. for player  to attract the links that player  has at    she should invest strictly more
than .
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investment  and that  will do so taking the (myopic best response) linking
decisions at    of all players into account. This implies that  expects that
investments at    will be    for herself,        and she
expects  to choose  such that this maximizes ’s payoffs at    after all players
have played myopic best response with their links.
A player  who updates her investment evaluates the future payoffs by taking a
convex combination over the expected payoffs at  (the present) and    (the
future):12
        
This means that when   ,  puts all weight on the immediate expected payoff while
   puts all weight on the future expected payoff. A player may well put relatively


more weight on the future than on the present (  ). This would reflect the belief that


the outcome in    will persist. A strategy profile is stable if for all players   :
                   
holds. As the link decisions follow mechanically from the model, we suppress the
dependence of the expected payoffs on the network architecture.
Here, we discuss the conditions under which star networks are stable under the
behavioral model (the proofs are given in Appendix 2.B).13 A star network is stable if
neither the core-player i nor any periphery player j changes her investments when given
a chance to reconsider her choice.
Consider first the core-player . The myopic best response of  is to invest
  , which yields a Nash star. However, if the sum of status rents is sufficiently low,
the core position earns less than the periphery and a forward-looking core player may
try to move to the periphery by choosing   . On the other hand, if the sum of status
rents is sufficiently large, the core position earns more than the periphery. In this case, a
forward-looking core player will anticipate that her position may be challenged by one


12

To simplify notation, we suppress indicating in the LHS that the evaluation is taking place in period .
In Appendix 2.B we also show that stable networks are either stars or have inefficiently low
investment.
13
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of the periphery players. As a result,  considers choosing    to avoid being
challenged. Player  expects to be challenged by periphery player  if:
           
With     , all players     will link to  at    and     
               . If  does not invest, she will remain in the
periphery of the star with  in the core and         . Using this, 
expects that no periphery player will challenge when:
                  
Rewriting gives:
(2.2)

                   

If (2.2) holds, core player  expects not to be challenged. Note that the RHS of (2.2) is
strictly increasing in  for   , because by construction         
for investments larger than or equal to the Nash quantity  Denote the lowest value of
 for which (2.2) holds by   .14 This is the lowest investment level at which the core
does not expect to be challenged. It follows from the LHS of (2.2) that   is increasing
in both  and , provided that  is strictly positive and   . Payoffs for the core and
each of the individual periphery players are roughly equalized at   .
We show in Appendix 2.B that the level of status rents and group size determine
whether star networks are stable, and if so, which investment by the core can be
expected. When the sum of status rents is sufficiently high, i.e. when the core earns
more than the periphery in the Nash star,     holds and the star where the core
invests in   units is the only stable outcome. Any investment by the core lower than  
will make her lose her attractive position. As she anticipates this, she will keep her
investment at   . If status rents are low and the core earns less than the periphery in the
Nash star, Nash stars and all superstars are unstable. This is because any forward

14

In Appendix 2.B we show that when     all Nash stars and superstars are unstable if players are
sufficiently forward-looking.
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looking core player will lower her investment, expecting that some other player will
invest the Nash amount  in the next period if she does so.
Some of the simplifying assumptions we make are not crucial for the results. For
instance, when a superstar has emerged and the core player is considering her
investment, the model assumes she commits to the same investment for two periods. A
core player might instead consider to first deviate to  and to invest 0 in the subsequent
period, anticipating that she will be able to link to another player who takes over the
core position. Such an extension will not change the predicted outcome. What is
necessary for the stability predictions is that players converge to a profile in which the
core position is (slightly) more attractive than a periphery position. This is true under
most parameter configurations, among which the parameters in our treatments with
status rents. As long as the periphery position is less attractive than the core, the latter
will not want to give up her position for a short-term gain if she assigns sufficient value
to the future.
A superstar would only become unstable if the core player could harvest shortterm gains by free riding, knowing that she could subsequently immediately regain the
core position with certainty. This involves the strong assumption that other players
refrain from competing when the attractive core position has become available. Whether
or not such a destabilizing force will materialize is ultimately an empirical matter to
which we will pay special attention in the analysis of the experimental results.
Our behavioral model also generates predictions for the treatments with
exogenous networks. Here, selfish players have no incentive to overinvest to obtain a
better position. Hence, the dynamics simply predict that the core will invest in the stagegame Nash amount  and that periphery players will not invest.

2.4

Experimental design and procedures

In the experiment, subjects play the stage-game described in Section 2.3 repeatedly for
75 periods. Across treatments, we systematically vary two parameters: group size  and
the level of status rents . Table 2.1 summarizes this design: we have groups of either 4
or 8 subjects, who play the experimental game either with no (  ), medium (  )
or high (  ) status rents. In addition, we ran two treatments with high status rents

22





TABLE 2.1: OVERVIEW OF TREATMENTS

Treatment variable

Endogenous networks
Small group
Large group
size
size





n4b0
8 groups
32 subjects

n8b0
6 groups
48 subjects

Medium
status
rents

  

n4b0
8 groups
32 subjects

n8b22
6 groups
48 subjects

Large
status
rents

  

n4b66
8 groups
32 subjects

n8b66
6 groups
48 subjects

No status
rents

Exogenous networks
Small group
Large group
size
size



n4b66EXO
8 groups
32 subjects

n8b66EXO
6 groups
48 subjects

Notes: the first line in a cell lists depicts the treatment acronym (the first part refers to group size and
the second to the status rents); the lower lines gives the number of groups and subjects in each
treatment.

where the links are exogenously imposed.
In the treatments with endogenous network formation we implement a partners
design: i.e. subjects are randomly assigned to a group and play the experimental game
with fixed partners.15 These partners are identified by letters ranging from A to D or A
to H, depending on the group size and the letters refer to the same subject throughout
the experiment. The number of periods is announced in the experimental instructions
(see Appendix 2.E). In every period, all subjects simultaneously decide on whom to link
to and how much to invest. On their decision screen, subjects can review all previous
decisions in a history box. Once everyone in the session has made a decision, subjects
are informed of the resulting outcome and their own payoffs. Examples of key
screenshots are provided in Appendix 2.F.
In the treatments with exogenous linking, everything is the same as in the
treatments with endogenous linking except that we impose the linking decisions
observed in the endogenous linking treatments. This means that subjects are informed

15

This corresponds to many cases in the world outside of the laboratory. For example, on many OSS
projects, the key contributors remain active over several years (Robles et al., 2005, Crowston et al.,
2012).
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TABLE 2.2: BENEFIT AND COST PARAMETERS IN THE EXPERIMENT
Panel a: benefits from accessing the public good
Units accessed 
0
1
2
3
Benefits  
0
92
152
177
Marginal benefits
92
60
25

4
196
19

5
199
3

6
202
3

7
203
1

7+
203+
1

Panel b: cost and benefits of investing and linking

Cost per unit investment 
Cost per link made 
Benefit per link received 

None
55
70
0

Status rents
Medium
55
70
22

High
55
70
66

of the links they will form in the current period and only decide on their investment in
the public good. In the instructions, subjects were informed that subjects could in no
way affect the links by their decisions. Note that subjects do pay for outgoing links and
receive rents for incoming links. As with endogenous linking, subjects have access to
the history box. Hence, in the treatments with exogenous networks, subjects face
exactly the same link structures as subjects in the corresponding endogenous network
treatments.
In all treatments, earnings are denoted in ‘points’. In addition to a starting capital
of 2000 points, subjects earn points in every period. Total point earnings are exchanged
at the end of the experiment at a rate of 0.10 euro for every 30 points. Table 2.2 gives
the benefits function   (in points), as well as the costs of linking, , the costs of
investment  and the status rents . As specified in 2 3, the function   is increasing
and concave in  , and   .
Sessions were run between May and July 2014 in the CREED laboratory of the
University of Amsterdam and lasted about two hours. For each treatment with   ,
we had 8 groups in total while for each treatment with    we had 6 groups. In total,
320 subjects participated in the experiment, each in only one session. We conducted 15
sessions where, depending on show-up, the number of subjects per session varied
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between 12 and 32, but in most sessions 24 subjects participated. We randomized
treatments within a session: in each session with endogenous network formation at least
two different treatments were conducted. Each subject participated in one treatment
only. Subjects were recruited from the local CREED database, which consists mostly of
undergraduate students from various fields. Of the subjects in our experiments, 49% are
female and 61% were studying at the Amsterdam School of Economics or the
Amsterdam Business School. Cash earnings were between 5.10 euro and 125.10 euro,
with a mean of 30.63 euro.
The experiment was computerized using PHP/MySQL and was conducted in
English. Upon entering the laboratory, subjects were randomly allocated to a separate
cubicle. Communication was prohibited throughout the session. Before starting the
network experiment, we elicited risk preferences using a procedure similar to the one of
Gneezy and Potters (1997). In this procedure, each subject decided how much to invest
of a capital of 600 points. The amount invested was lost or multiplied by 2.5 where each
possibility occurred with probability 0.5. The result of the investment was then added to
the amount not invested. Subjects were only informed of the outcome of this part at the
very end of the experiment.
After this, subjects read the instructions of the network game at their own pace,
on-screen. While reading the instructions, a printed summary was handed out. To ensure
that all subjects understood the instructions, they were required to answer several test
questions. The experiment did not continue before everyone had answered all questions
correctly.16
We ended each session with a short questionnaire after which we privately
informed subjects of the outcome of the risk elicitation task and their aggregate earnings
in the experiment. Subjects were privately paid in cash for all periods of the network
game and the risk-elicitation task.

2.5

Predictions for the experiment

In all experimental treatments with endogenous linking, the Nash equilibria of the stage
game are the same. As argued in subsection 2.3.1, the set of Nash equilibria is

16

The experimental instructions and test questions can be found in Appendix 2.E.
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FIGURE 2.1: NASH STAR NETWORKS







Notes: Nash star networks with n=4 and n=8 players. Circles represent players and the numbers
inside the circles represent their investments. Arrows indicate links and they point away from the
player who initiated the link.

independent of our treatment variables; status rents and group size. Figure 2.1 illustrates
these equilibria for the parameters of the experiment. In the figure, circles represent the
players and the numbers inside these circles display their investment. A link is
represented by an arrow, which points away from the player who makes it. Hence, we
see a Nash star, where the core player invests in    units and the other players form
links to the core and do not invest. Furthermore, the efficient outcome is also the same
across treatments: in all cases it is a superstar where the core invests in    units. As
noted before, status rents and group size do not affect the set of stage-game equilibria,
but they do affect the payoffs of players in the core.17 According to our behavioral
model, these payoff differences determine whether stars are stable, and therefore affect
which investment by the core player we can expect.
Table 2.3 summarizes the predictions of the behavioral model. To start, note that
without status rents, we do not expect star networks to be stable. This is because the
core earns less than the periphery and any forward-looking core player will lower her
investment to zero, expecting that some other player will invest the Nash amount 2 in


17

In Appendix 2.C, we provide a table with the payoffs in different star networks for our parameters.
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TABLE 2.3: BEHAVIORAL PREDICTIONS
Endogenous networks


star stable
Lower
bound on 




2
2
No
No
  

  

  
 
2
4
Yes
Yes


  

  


4
8
Yes
Yes
  

  

Exogenous
networks
  


2
2
n.a.
n.a.




Notes. Columns distinguish between our eight treatments.   is defined using eq. (2). The bounds on
 (the weight attributed to future payoffs) denote the values for which the outcome in the two top
rows is predicted by the model. In Appendix 2.B we derive the bounds. When stable stars are
predicted, they constitute a subgame perfect equilibrium for the game concerned.

the next period. This changes when status rents are introduced. In n4b22, we expect
stable Nash stars to form. With higher status rents or larger groups, we expect
competition for the core position. More specifically, in treatments n8b22 and n4b66 we
expect that competition leads to the formation of efficient superstars where the core
invests in four units.18 In n8b66, we expect that competition for the core position will be
so intense that it encourages severe overinvestment by the core. Here, we expect the
emergence of star networks where the core invests in eight units. Note that stable
superstars require that i puts sufficient weight on her future payoff (e.g. because she
expects it to extend beyond the next period), so that she resists the temptation to
increase her payoff in the current period (by lowering her investment) in order to sustain
the core position in the future. The final row of Table 2.3 gives the lower bounds for
this weight.
When there are status rents, the stable stars predicted by our behavioral model
can each be supported as part of a subgame perfect equilibrium. This can be seen by
comparing the stable outcome   to the subgame perfect equilibria reported in
Appendix 2.D. In this way, our model provides an equilibrium selection for the
supergame. Moreover, the equilibrium selected varies across treatments. Note also that
the model predicts that no equilibrium will be reached in the supergame when there are


18

For our experiment, we deliberately chose the values of  and  such that we keep     -and thus
  - constant between treatments n8b22 and n4b66.
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no status rents. Together, this means that our set of treatments provides a powerful test
bed for the theory.

2.6

Results

We have organized the presentation of the experimental results as follows. In subsection
2.6.1, we start with an overview of the outcomes that are observed in our treatments
with endogenous network formation. We complement this overview with a discussion
of cross-treatment differences in the provision of the public good. Then we provide an
overview of the efficiency levels that follow from the networks formed, together with
the public good provision. In subection 2.6.2, we study the behavioral dynamics in the
experiment and compare them to our theoretical predictions. We deal with the question
of which treatments trigger a competition for status, and we present an analysis of the
frequency and stability of the outcomes that we observe. Finally, in subsection 2.6.3 we
present the results of our exogenous network treatments, which allow us to shed light on
the motives underlying our results. Unless stated otherwise, all tests reported are MannWhitney tests (henceforth, MW). Throughout, we use two-sided tests using average
statistics per group as units of observation.
2.6.1 Overview: star networks and public good provision
Figure 2.2 plots the relative frequency of stars over time. At the start of the experiment,
we hardly observe any stars in any treatment. Starting around period 10, a clear
distinction emerges between the two treatments without status rents and those with.
With status rents, the frequency of stars steadily increases over time. In the last 25
periods of these treatments, this frequency rises to 76%. In treatment n8b66 stars are
even observed in 88% of the last 10 periods. In stark contrast, there is no clear trend in
the occurrence of stars in the treatments without status rents. There, such networks
remain rare throughout the experiment.
Table 2.4 makes these results more precise and tests whether the observed
differences are significant. The table confirms the picture emerging from Figure 2.2.
Stars form substantially and systematically more often in the treatments with status
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FIGURE 2.2: DEVELOPMENT OF STAR NETWORKS

Notes: Lines show the relative frequencies of periphery-sponsored stars by treatment and period.
Lines are smoothed by taking the moving average over periods    to    for every period .

TABLE 2.4: FREQUENCY OF STAR NETWORKS
Relative frequency of
periphery-sponsored stars
Status
rents

  
  

Group size All periods Final 25 periods














0.09
0.07
0.58
0.50
0.43
0.58

0.09
0.11
0.86
0.73
0.53
0.86

P-values pairwise MW tests

  
  

0.15
0.00
0.04
0.09
0.00

0.00
0.02
0.09
0.01

1.00
0.32
0.52

0.61
0.87

0.56

-

Notes: the left panels provide the relative frequencies of periphery-sponsored stars in all periods and
in the final 25 periods. The right panels provide the results of MW tests for the differences in
occurrence between treatments using the observations in all periods. In Appendix 2.C we provide a
table with the p-values for differences in the final 25 periods.
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TABLE 2.5: INVESTMENT BY CORE PLAYERS IN STAR NETWORKS
Investment in public good
(all periods)
Status
rents

  
  

Group
Predicted Mean (s.e.) Median
size

1.83 (0.11)
2
1.82 (0.09)
2

2
2.22
(0.06)
2


4
3.49 (0.33)
4

4
3.61 (0.18)
3.5

8
7.07 (0.45)
7.5

P-values pairwise MW tests

  
  

0.92
0.01
0.01
0.00
0.00

0.02
0.03
0.02
0.02

0.03
0.00
0.00

0.75
0.00

0.00

-

Notes: The left panel lists the predicted, mean and median investment in the public good by core
players, conditional on a periphery-sponsored star being formed. The predicted investment is equal to
  , except in the treatments without status rents, where no stable star is predicted. Standard errors of
the mean are presented in parentheses, based on mean investments per group. The median is obtained
by taking the median within each group first and then the median of these numbers per treatment. The
right panel presents p-values for tests whether mean core investments differ between treatments,
conditional on a periphery-sponsored star having formed.

rents than in the treatments without. Within these classes of treatments, differences are
much smaller and mostly insignificant.
Status rents and group size also have profound effects on the provision of the
public good. To compare investment choices while holding network composition
constant, we focus on the investment of core players in periods where stars were
formed. The results are presented in Table 2.5. This table shows that, conditional on a
star being formed, public good provision is inefficiently low (that is, below four units)
in the treatments without rents and the treatment with medium rents and small group
size. In treatments n4b66 and n8b22 public good provision is close to the efficient level
of four units. In treatment n8b66 the core player vastly overinvests with an average
contribution level that is close to double the efficient amount. With status rents, any
increase in group size or status rents leads to higher investment by core players. The
sizable differences between treatments are all significant, except for the comparisons
between n4b0 and n8b0 and between n8b22 and n4b66. By and large, the average and
median investment levels accord very well with the predictions of the behavioral model.
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TABLE 2.6: EFFICIENCY
Efficiency measure
Status
rents

  
  

p-values pairwise MW tests
for net earnings

  
  

Mean
Mean
Group Efficient

stars
earnings net earnings
size
0.00
33.4 (3.0) 33.4 (3.0)

0.12

0.00
38.9 (1.9) 38.9 (1.9)
0.00

0.01
75.9 (2.0) 60.9 (2.0)
0.00

0.36
99.9 (4.2) 81.6 (3.9)
0.01
0.29
106.1 (6.4) 59.7 (6.6)

0.00
0.00
124.6 (7.4) 67.9 (6.5)



0.00
0.00
0.03
0.01

0.00
0.92
0.16

0.05
0.08

0.30

-

Notes: The first column gives the relative frequency of efficient outcomes. The efficient outcome is a
periphery-sponsored star where the core invests in four units and no periphery player invests. Mean
earnings are denoted per subject in points per period. For mean net earnings we subtract the status
rents. Standard errors of the means are computed using each group as an individual observation. The
panels on the right give p-values for tests whether mean net earnings differ between treatments.

Investments in the public good are one of the factors that affect efficiency in this
environment. The other is the links made to access the public good. We now consider
both factors simultaneously by looking at treatment differences in observed efficiency.
Table 2.6 shows the relative frequency of efficient star networks (where the core invests
in 4 units), mean earnings and mean earnings net of status rents per treatment.
Efficient star networks are almost exclusively observed in n8b22 and n4b66. As
noted before (cf. Table 2.4), stars rarely form at all without status rents. In n4b22, stars
are formed but investments by the core are typically lower than the social optimum (cf.
Table 2.5). In n8b66, we also frequently observe stars but here the core vastly
overcontributes. As for earnings, as expected, these increase as status rents rise. We
correct for this effect of adding money to the system by deducting the status rents from
the earnings. This yields a clear difference between the treatments with and without
status rents. The treatments without status rents perform particularly badly in terms of
(net) earnings. Here subjects do not benefit from interacting with others and actually do
worse than if they had completely refrained from making links and simply investing in t
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FIGURE 2.3: PROPORTION OF GROUPS CONVERGING AND END-POINT OF THE DYNAMICS

Notes: A group converges to a network if all players repeat decisions at least 5 times. Most groups
converge to ‘x-star’ outcomes, periphery-sponsored stars in which the core player invests in x units of
the public good. Most groups converge only once: only 4 of the 42 groups converged to two or more
different networks. In these cases, we include the last stable network.

wo units themselves. 19 This mirrors previous experimental results reported in the
literature on endogenous network formation without status rents (e.g., Falk and Kosfeld,
2012). Net earnings are much higher when there are status rents. In pairwise
comparisons, either of the treatments without status rents reaches significantly lower net
earnings than any of the treatments with status rents (all p<0.05). Net earnings are the
highest in treatment n8b22. This is also the treatment where we observe efficient 4-stars
the most frequently. Net earnings are higher in this treatment than in all other treatments
(p<0.10 for all pairwise comparisons).
Next, we turn to the convergence of our data across periods. Figure 2.3 displays
for each treatment the proportion of groups that converge to a stable outcome. If a group
converges, it is almost always to a star network.20 Without status rents groups almost


19

In this case, a player earns 42 points.
In treatment n4b66 two groups converged to networks where multiple players invest. In treatment
n8b22, one group converged to a situation where 6 out of 8 players formed a periphery-sponsored star,
where the core invested in 3 units and the periphery did not invest. Between the other two players, one
player invested and the other did not and the latter formed a link to the former.

20
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never converge to any stable outcome, independent of group size.21 When there are
status rents, group size and status rents have a beneficial effect on the provision of the
public good. With medium status rents and small groups, groups usually converge to a
star network in which the core player consistently invests the stage game Nash amount
of two units.22 When group size is doubled in treatment n8b22, all groups converge to a
stable network. The most frequently observed end-point of the dynamics is a superstar
in which the core player invests the efficient amount of four units. Similarly, with high
status rents, investments are higher in large groups than in small groups. In fact, in this
case all large groups converge to a star network in which the core player overinvests in
the public good. In this treatment, the large majority of groups converge to superstar
networks in which the core invests in seven or eight units, which is on average almost
double the efficient investment of four units.
These results agree well with the predictions of the behavioral model. In
accordance with this model, stable Nash stars (where the core invests in two units)
should only be observed in treatment n4b22 and the occurrence of large
overinvestments should be limited to treatment n8b66 (cf. Table 2.3). Of particular
interest is the comparison of treatments n4b66 and n8b22. These treatments allow us to
investigate whether the earnings for the player in the core relative to the players in the
periphery is essential for the results. Only when the core earns more, does our
behavioral model predict that there will be competition for this position. According to
the model, a periphery player has the same incentive to challenge the core in either of
these two treatments; the model assumes that with a slightly higher investment than the
core player a challenger will attract    links. In either treatment this yields a total
benefit of 132 points (2x66=132; 6x22=132). In agreement with the model, the data of
these two treatments are quite similar. We observe slightly more superstars in n8b22,
but the difference is not significant (p=0.60). This result allows us to better understand
the group size effect noted above. It does not matter for our subjects if a rise in potential
status rents is created by an increase in potential linkers or by an increase in rents per
linker. In agreement with the behavioral model, they compete for the core position to


21

Moreover, we do not observe any successful rotation of the core position in our experiments.
In this treatment (n4b22), the only two groups that are not classified as stable, also formed peripherysponsored stars with a fixed core for a substantial number of periods where the core alternated between
investing two and three units.
22
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FIGURE 2.4: NUMBER OF COMPETITORS OVER TIME

Notes: For each treatment, the distribution of the number of players investing in more than two units
is displayed, both for the first 25 periods (top row) and for the final 25 periods (bottom row).

the same extent in both cases.
2.6.2 Behavioral dynamics in the experiment
The key element of our behavioral model is that players compete for the core position if
status rents make it more attractive than a periphery position. Without such rents,
players prefer that others fulfill the costly job of providing the public good to the group.
Indeed, our data show that subjects (only) compete for the core position in the
treatments where we expect them to do so. Here, we focus on the competition itself.
Figure 2.4 shows how the distribution of competitors for the core position
develops over time in our treatments with endogenous network formation. Without
status rents, there are basically no subjects who consistently invest in more than two
units of the good. In treatment n4b22 the core position in a Nash star is slightly more
attractive than a periphery position, but not enough to support a superstar where the core
consistently invests in three units or more. In agreement with this observation, we see
few investments above two units and very rarely observe that multiple players invest at
the same time. Clearer competition is observed in treatments n4b66 and n8b22 where
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FIGURE 2.5: RANKED MEAN INVESTMENTS

Notes: For each treatment the average investments are displayed as a function of time. The top
(middle/bottom) line presents the average highest (second/third highest) investment level in the group.
Lines are smoothed by taking the moving average over periods    to    for every period .

the efficient superstar is predicted to emerge. In the first 25 periods, we frequently
observe multiple players who invest in more than two units and compete for the core
position (in 54% and 21% of the observations in n8b22 and n4b66 respectively). In the
final 25 periods, the dust settles and typically only one overinvesting player remains.
Very fierce competition is observed in our treatment n8b66. In the first 25 periods, we
observe up to five players who simultaneously invest in more than two units. In all
cases at least one player overinvests and in the majority of observations multiple players
compete for the core position. The competition diminishes towards the end, and in the
final 25 periods a single surviving player manages to deter the competition.
More details on how subjects compete are offered in Figure 2.5, which shows
the top three investment levels per group over time. In the treatments without status
rents, there are usually two or three subjects investing two units. This finding illustrates
that in these treatments subjects are not able to coordinate on a fixed star network. The
picture is different in treatment n4b22, where after some time on average only one
subject consistently invests two units and a stable star network is formed. In treatments
n4b66 and n8b22 we observe higher investments by the top contributor than in n4b22:

35





FIGURE 2.6: RANKED INVESTMENTS IN N8B66

Notes: For each group in treatment n8b66 the top-3 highest investments in the group are displayed
over time. The top (middle/bottom) line presents the average highest (second/third highest)
investment level in the group.

the subject in the core learns that an efficient level of four units is needed to prevent
being challenged by periphery players. Once it has become clear who is the superstar in
a group, the investments by the other group members gradually fade out.23
The most interesting dynamics are observed in treatment n8b66. At the start of
the experiment, the mean investments for the second highest contributor are almost as
sizable as for the top contributor: on average they invest in 4.00 units in the first 25
periods. Only after a while does this runner up start to give up. To further investigate
what is going on in this treatment, Figure 2.6 provides a more detailed view. Here, we
show the top-3 investments across periods in each of the six groups in n8b66.24 In all
groups, we see that in early periods at least two players compete for the core position by
investing in very high amounts. At some point all but one player give in and a superstar

23

In a regression, we find a negative correlation between risk aversion and being in the core of a star in
treatments where we expect competition (i.e. when networks are formed endogenously and   ). We
find no significant correlation between risk aversion and core positions in the other treatments. Moreover,
we do not find any relation between gender and network positions. Similar results are obtained when we
use public good investments as the dependent variable. More details are available upon request.
24
A similar figure of the other treatments is available upon request.
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TABLE 2.7: FREQUENCY OF PERIPHERY-SPONSORED STARS AND THEIR STABILITY


0-star
1-star
2-star
3-star
4-star
5-star
6-star
7-star
8-star
9-star
10-star
Other networks
Groups
Observations

  
  
  
  
  
  
  
  
  
5 (0.00)
3 (0.00)




6 (0.00)
2 (0.00)
2 (0.00)



43 (0.21) 28 (0.52) 268 (0.66) 1 (0.00)
9 (0.56)

1 (0.00)

67 (0.25) 67 (0.82) 59 (0.68)



8 (0.38) 151 (0.85) 172 (0.94)




7 (0.00)
15 (0.60) 47 (0.81)
1 (0.00)
9 (0.33)




1 (0.00) 108 (0.92)









91 (0.85)





2 (0.50)
2 (0.00)





545 (0.03) 417 (0.00) 255 (0.21) 223 (0.21) 344 (0.38) 191 (0.01)
8
6
8
6
8
6
600
450
600
450
600
450

Notes: Cells denote the frequency of the outcomes denoted in the first column across all periods. The
proportion of periods that exactly the same strategy profile is played in the subsequent period is given
in parentheses. Entries in bold denote the outcomes that are predicted to be stable by our behavioral
model.

forms with a core player who (over)invests in 7 or 8 units. At these levels, payoffs are
to a large extent equalized and periphery players stop challenging the core player.
To investigate the stability of the decisions made, Table 2.7 shows the frequency
of various stars and how often they were repeated, after having been formed. The
outcomes predicted by our behavioral model are listed in bold. In agreement with this
model, star networks occur only sporadically in the treatments without status rents, and
if they occur, they tend to be unstable. In n4b22, the predicted 2-star is the most
frequently observed and also most stable outcome. In treatments n4b66 and n8b22, the
efficient 4-star is predicted to occur, and indeed it is most often observed in both
treatments. In these treatments the efficient star is very stable. If it is formed, it remains
unchanged in 90% of the cases. Finally in n8b66 a star network is predicted in which
the superstar invests in 8 units. Here, in the experiment most often superstars are
observed where the core invests in 7 or 8 units, and these outcomes are again
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FIGURE 2.7: PAYOFFS FROM LOWERING INVESTMENTS AS A CORE PLAYER

Notes: Mean payoffs of core players in   -stars. Earnings are normalized by normalizing the payoff in
  -star that is formed at    to 0. The figure is based on   -stars where    , to ensure that
core-players can deviate by lowering their investment.

remarkably stable. In 88% of the cases that such a superstar is formed, it is exactly
repeated in the next period.
Finally, we investigate what happens if a core player in a   -star deviates by
lowering her investment. As already noted,   -stars are very stable: core players rarely
lower their investments: of the 319   -stars that are formed up to period 65, only 12
core players deviate by lowering their investment.25 This strongly suggest that subjects
anticipate that lowering their investment is costly, as they could be challenged and lose
the attractive core position. Given the small number of core players who deviate, it is
hard to make strong claims about the resulting payoffs, but still we illustrate what
subjects might expect in Figure 2.7. Here we plot the normalized earnings of core
players in   -stars and we split them by whether they lower their investment (at period
  ) or not. As expected, the core players who lower their investment earn a higher
immediate payoff (at period   ), but on average pay the price in subsequent periods.


25

We focus on treatments where    , to ensure that core-players can deviate by lowering their
investment.
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These losses outweigh the short-term gains: the aggregated (normalized) losses in
periods    to    are roughly 7 times the size of the normalized gains at   .
2.6.3 Motives underlying investments to the public good
The evidence presented so far is consistent with the explanation based on competition
for status. Once the core position becomes more attractive than the periphery position
because of the status rents that it generates, subjects start competing for it. To prevent
being challenged, star players are forced to invest to such an extent that the payoffs
across positions are approximately equalized. However, we cannot exclude that the
results are driven by social motives. For instance, subjects may be inequity averse, and
therefore choose higher investments to compensate others for the gains that status rents
bring. Inequity aversion may also explain why subjects prefer to avoid the core position
if it is relatively unattractive in the absence of status rents. Another possibility is that
core players feel that they have to return the favor if they receive status rents, or that
they are simply driven by altruism and prefer to give something to others when they
become richer. To distinguish between the competition for status dynamics and the
possibility that the subjects are driven by social motives, we included the two treatments
in which we impose the networks that were naturally formed in the corresponding
treatments with endogenous network formation. If the competition for status dynamics
drive the results, we should not observe higher investments in these control treatments
than the individually rational number of two units. If on the other hand, the results are
driven by social motives, we should not observe any difference with the corresponding
endogenous network treatments.
Table 2.8 displays the mean, median and predicted public good investments by
core players in star networks in the exogenous treatments, together with the benchmarks
provided by the endogenous treatments. The results provide convincing support for the
competition for status dynamics. The results are particularly strong for the case where
group size is small and status rents are large; here, the mean and the median are exactly
at two units as predicted. Even more so, there are almost no cases where the core player
invests in more than two units of the public good. But also in the case with large group
size and large status rents, the results are striking: average investment is only a fraction
of the level that is achieved when networks are endogenously formed. The differences
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TABLE 2.8: MEAN CORE-INVESTMENTS IN EXOGENOUS AND ENDOGENOUS NETWORKS




Exogenous networks
Predicted
Mean
Median
(s.e.)
2
2.00
2
(0.05)
2
2.85
2
(0.41)

Endogenous networks
Predicted
Mean
Median
(s.e.)
4
3.61
3.5
(0.18)
8
7.07
7.5
(0.45)

p-value
0.028
0.028

Notes: The table lists the predicted, mean and median investments by core players in the public good,
conditional on a periphery-sponsored star being formed. Standard errors of the mean are presented in
parentheses, based on taking the mean of the mean investments per group. The median is obtained by
taking the median within each group first and then the median within each treatment. The p-values
come from 2-sided Wilcoxon signed-ranks tests, where we test the null-hypothesis that investments by
the core are the same across treatments, conditional on a periphery-sponsored star having formed.
Each pair of endogenous and exogenous groups constitutes one individual observation.

between the investments in the endogenous and exogenous network treatments are
significant at the 5% level.
Figure 2.8 shows the distribution of investment choices by core players for each
of the treatments with   , both for endogenous and exogenous networks. It is clear
that with exogenous networks, core players invest substantially less than with
endogenous networks. In both n4b66EXO and n8b66EXO, in periphery-sponsored stars
the modal core investment in the stage-game Nash amount is two units, while we hardly
ever observe such low investments with endogenous networks. An alternative
explanation would be that endogenous network formation allows selection of socially
motivated types to the core position. Our data provide little support for this selection
effect of competition. If it were to hold, one would expect to see these supergame
effects in at least 1 out of  exogenous groups. Indeed, in n8b66EXO, we observe some
cases where core players invest in more than two units, but these only account for a
small number of cases. Moreover, even in these groups investments remain well below
the level of 7 or 8 units that we frequently observe in the endogenous network
treatments. Hence, such traces of social motives are negligible compared to the
competition effect of endogenizing network formation.
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FIGURE 2.8: DISTRIBUTION OF CORE-INVESTMENTS IN ENDOGENOUS AND EXOGENOUS
NETWORKS

Notes: The figure shows the distributions of investment of core players in treatments with   ,
conditional on a periphery-sponsored star having formed. All period/group observations are included.

2.7

Conclusion

We have investigated the effectiveness of a novel behavioral mechanism to generate
supergame effects in an environment where players decide both on the network
structure and on their contributions to a local public good. For this, we introduced status
rents for incoming links to the endogenous network formation game of Galeotti and
Goyal (2010). Our conjecture was that players would jockey to obtain attractive
network positions. In the presence of status rents, this implies that players would
compete for status and the winner of the competition for status would be forced to take
the interests of the other group members into account. To structure the interaction, we
developed a simple dynamic behavioral model that predicts when a subgame perfect
equilibrium outcome is to be expected, and which equilibrium is selected. We
subsequently tested these predictions in a laboratory experiment, where we varied group
size and status rents across treatments. These are two factors that should systematically
affect the equilibrium that is selected if people compete for status. Thereby, these
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factors determine the extent to which the public good is provided and the shape and
stability of the outcome.
We find that the presence of status rents is crucial for the results. With status
rents, subjects start by jockeying for the core position. Once the dust has settled and
subjects have implicitly agreed on who will be in the core of the network, a stable
outcome arises in which the core player consistently contributes an amount that roughly
equalizes payoffs across positions. For specific environments, this entails contributing
more than the stage-game Nash quantity and in some even more than what is efficient.
In this way, the core player in a superstar prevents being challenged by the others, and
periphery players maintain their links, which the superstar-core needs for her exemplary
behavior. Across treatments, we observe that these supergame effects – i.e., the
adjustment of contributions aimed at maintaining the network (core) position – increase
with the size of the status rents and with group size. In stark contrast, inefficiency reigns
and groups rarely converge to equilibria when there are no status rents. These
experimental results correspond closely to the predictions of the competition for status
dynamic and the selection of a subgame perfect equilibrium (if any) that it entails.
With the help of our two control treatments in which we imposed exogenous
networks, we excluded other motivations that might explain our results. In agreement
with our conjecture that the results are driven by competition for status among selfish
players, the observed supergame effects largely disappear when the possibility to
compete for the core position is excluded by design. Instead, if our core players in
superstars had been driven by other motivations, like exchange of favors, altruism or
inequity aversion, results should have been independent of how the positions in the
network are assigned.
We therefore conclude that free competition for a favorable position is the key
ingredient for the emergence of superstars in our environment. Beyond the specific
setting of our experiment, this may help explain why so often a small minority in a
group contributes so heavily to a public good. There is no need to assume that pure
altruism or other pro-social motivations drive this behavior. Even purely self-interested
individuals may do so if they care enough about the status rents that are closely linked
to being at the core of the group in this way. In short, volunteers at sports teams,
workshop organizers and OSS developers all contribute much more to their group than
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can be expected in a one-shot environment because the supergame they are involved in
allows them to collect status rents from the central position that they have. 
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Appendix 2.A: Stage-game equilibria and efficient outcomes
This appendix is greatly indebted to the analysis in Galeotti and Goyal (2010). In
agreement with the theoretical literature on network formation, we will restrict our
attention to pure-strategy equilibria.
Some additional notation
Most of the notation is introduced in section 2.3 of the main text, but for the proofs we
will use the following additional definitions. The marginal benefit of accessing the th
unit of the good is given by           .
A network is a core-periphery network if there are two sets of players  and 
for which it holds that         and         . In such a
network, the players in  form the core and  form the periphery. All core players
form links to the other core players, but not to the periphery players and any periphery
player links to all the core players but to none of the other periphery players. A coreperiphery network with a single player in the core is called a star network.
Nash equilibria of the stage game
We start by stating our variant of Lemma 1 in Galeotti and Goyal (2010):
Lemma 2.A.1 In any Nash equilibrium   , all players    access at least  units of
the good,   , and all players who acquire units personally will access exactly 
units of the good, i.e. if    then   .
Proof. Suppose that a player    accesses fewer than  units of the good, i.e.   .
If this is the case  can strictly increase her payoff by investing as the marginal benefits
strictly exceed the marginal costs for    , i.e.      . If a player 
invests in units personally, i.e.   , and she accesses more than  units of the good,
  , she can strictly increase her payoff by lowering  as      .
Next, we can state our version of Galeotti and Goyal’s Proposition 2.
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Proposition 2.A.1 In any strict Nash equilibrium   , (i) a core-periphery network is
formed where (ii) the core players all invest, (iii) the periphery players do not invest,
(iv) aggregate investment equals  units and (v) the maximum number of players in the
core is independent of  and  and is given by the largest integer smaller than

Proof. We start by showing that in every strict Nash equilibrium   ,




.


 



should hold. It is easy to see that by Lemma 2.A.1, it must be that aggregate investment
in   equals at least  units, i.e.


 

 . We define the set of all players with

incoming links by       and all players without incoming links by
     . Note that in a strict equilibrium, any player    should invest in
strictly more units than any player    . If not, players that link to  could (weakly)
improve by moving their links to . Also,    should hold for all    , as


otherwise no player would link to  (but rather invest personally), hence     


 . Note that


 

  cannot hold, as then for every    ,    follows and

this contradicts Lemma 2.A.1. We will now show that


 

  cannot hold in a

strict equilibrium. Assume that it holds. This implies that any    does not link to all
other players in  as otherwise    follows which contradicts Lemma 2.A.1.
Hence, for every    , there exists some      , for whom   . Without loss



of generality we can order the players in  such that       
 holds.


As we are considering strict equilibria, this means that no    will link to the last
player  in the sequence, as otherwise  could (weakly) improve by linking to someone
higher in the sequence. Aggregate investment by all players     should still be
at least  units, as by Lemma 2.A.1       should hold. This means that there
exists some subset    , whose investments add up exactly to :
 . Take the smallest possible subset  for which


 


 



  holds. Then, as



      , player  could strictly improve by not investing and linking to all


   . This contradicts  being in  in an equilibrium. Hence, it cannot be that

 

  and it follows that


 

 .
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If


 

 , this implies that any    will have   , as they can

access  units (at lower costs than investing personally) by linking to all    . Thus
aggregate investment equals  and   must be a core-periphery network where all
players    form the core and all    form the periphery. Recall, that  



    holds. As


 

 , this provides an upper bound for the number of

players that invest personally, and hence the size of the core:   




.

Efficient outcomes
In any efficient outcome, it must be that aggregate investment is at least  units, i.e.
 

 . If not, all players will access fewer than  units and they can strictly

increase their payoff (and hence the sum of payoffs) by investing in additional units as
      . As   , the aggregate costs of accessing at least  units of
the good are minimized by forming a periphery-sponsored star where only the core
invests, i.e.                       . The efficient
level of investment    by the core is such that the sum of all marginal benefits just
exceeds the marginal costs of investing. That is,  is set such that it satisfies   
 and     .
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Appendix 2.B: Dynamic stability
Here we discuss the dynamic properties of our behavioral model. For the analysis, we
make two simplifying assumptions.
Assumption 2.1: The benefit function is sufficiently concave:           if
   and     ;     and   .
Assumption 2.1 lists a requirement on the concavity of   that ensures that no player
will link to multiple players if there exists some player that invested in at least . In
addition, it says that there is no public good without investments and that the benefits
associated with access to one unit exceed the costs of linking.

Assumption 2.2:      




 .

Assumption 2.2 provides a condition on the linking costs that prevents networks with
multiple hubs being formed in equilibrium. We note that the parameterization in our
experiment fulfills Assumptions 2.1 and 2.2.
Proposition 2.B.1: The behavioral model generates the following predictions:
(i) When status rents are sufficiently high, i.e. when the player in the core of the
Nash star earns more than a player in the periphery, there exists a lower bound
on  above which the only stable outcomes are periphery-sponsored stars where
the core player invests   units and no periphery player invests.
(ii) When status rents are low or absent, i.e. when in the Nash star the core player
earns less than a player in the periphery, there exists a lower bound on  above
which all Nash stars and superstars are unstable.
Proof. We first derive the decisions of the core players in periphery-sponsored stars.
We do this for two separate cases. In case I, we consider the case where status rents are
relatively high, i.e. when     and, in case II, we look at the decisions of core players
when the reverse holds. Then, we derive the conditions under which periphery players
in a periphery-sponsored star leave their investments unchanged.
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Core player case I:    
First, we show that if no other player    invests at   , then if core player is given
the chance to revise her choice, she will choose     . This rules out all other
periphery-sponsored stars (where the periphery does not invest) than the   -star as
stable outcomes.
Consider the situation where core player  is given the chance to change her
investment. At   , none of the other players invested, i.e.     . For
expositional reasons, we suppress that all expected payoffs below are conditional on the
investments of others at . For the   -star to be stable,         



   must hold. This implies that


(2.B.1)


   
            




 ,

should hold. If  invests in   units, she expects to be in the core of the   -star at  and
   . Her expected payoff is then                  , for
which we simply write        . Below, we will show that any other

investment 
   will

lead

to

lower

expected

payoffs

at    ,

i.e.



     
 
   . Then, expected payoffs can only be higher if

there exists a profitable deviation in the current period, i.e. when    


 . In this case, (2.B.1) holds when:
(2.B.2)

  



  



 

 
  



 
       
  



Note that in this case,    
      
and there exists a

lower bound    for which (2.B.2) holds. Hence, if  is sufficiently forward
looking (  , she will choose     .


Now we will show that      
 
   is indeed true.

When  invests in more than   units, she expects not to be challenged at   , but she
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will earn a strictly lower payoff than in the   -superstar in both periods.26 Hence,
profitable deviations can only follow from lower investments than   . If     , 
expects to be challenged at   , i.e. there will be some player  who she expects will
invest       and no player will link to  at   . At   ,  could
either link to  or not. (i) If she does not link to  (or any other player), her expected
payoff at    will be             . Note that this payoff is
maximal for   , but that even in this case it is strictly smaller than the payoff of a
periphery player in a Nash star:      . The payoff of a periphery player in the
  -star (       is strictly larger than  as    . When    , this
implies              ; hence, investing     leads to
lower expected payoffs at    than investing     .    is true in most cases,
among which all of our experimental treatments.27 (ii) If  does link to , her expected
payoff at    is given by:                 .
Given that      , this expected payoff must be strictly smaller than
 , and therefore it must also be strictly smaller than  . Again, if    this implies
that any investment     will lead to lower expected payoffs at   . All in all,


         

 .

Core player case II:   
We will show that in this case superstars will not form and Nash stars are stable for all
values of  when the core in the Nash star earns more than the periphery in the Nash
star. This is the case when        . When the reverse holds, there exists a
lower bound on  above which Nash stars must be unstable.
If  invests in the stage game Nash amount or more, i.e.   , she expects not
to be challenged as    . Note that in this case          ,
which implies that superstars will not be formed when    . If  chooses   , a
Nash star is expected to result at both  and    and  will be in the core and her

26

Remember that for values above , the marginal benefits of investing are strictly lower than the
marginal costs.
27
If    , the core could potentially earn a higher payoff by investing less than   . If this is the case,
the behavioral model predicts that competition would push investments up to   , but that the   -star will
be unstable.
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expected payoffs are  .


For a Nash star to be stable,         
 
  should

hold. We just established that  will not invest more than , but she may want to invest
less than  in order to induce others to invest. First note that the expected payoffs at 
are maximized by investing   . If  invests less, she earns a strictly lower payoff at
 as no other invests, and she will access fewer than  units. Hence, any profitable
deviation should arise from higher expected payoffs at   , i.e. a Nash star is stable
when:
(2.B.3)

  




  


     


 
 

Note that both the denominator and the numerator are strictly positive, as  


   
and the only relevant cases are those for which    


   
holds. Consider that  invests   . At   , if some other player 

updates, there are four possible outcomes: (1)  invests      and links to ,
and  links to ; (2)  invests      and links to  (and  does not link to ); (3)
 invests    and  does not link to  and  does not link to ; or (4)  invests
   and  does not link to  but  does link to . The expected payoffs for  in
outcomes , (2) and (3) are strictly lower than  , which means that the RHS in
(2.B.3) is strictly larger than one. Hence, the only possible restriction on  comes from
the situations described in outcome (4). In these situations,      
        , which is maximized when    and in this case
      . When  does not invest, she expects       and
(2.B.3) yields:
(2.B.4)



   


When status rents are absent or low, the core earns less than the periphery in a Nash
star, i.e.    . This is the case when        . It follows from (2.B.4)
that Nash stars are unstable if players are sufficiently forward looking.
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The core also earns less than the periphery in a Nash star (and Nash stars are
unstable for sufficiently forward-looking players) when    . Suppose this is not the
case and     and    both hold.    implies that     
        , or:


(2.B.5)






Recall that the core player expects that she will not be challenged when she invests
   . A periphery player  will not challenge the core  when investing      
and linking to  leads to a strictly higher payoff than investing   . This means, that
                    should hold. Rewriting gives:


(2.B.6)

  




However, (2.B.5) and (2.B.6) cannot simultaneously hold as the RHS in (2.B.5) is
strictly larger than the RHS in (2.B.6) for    . Hence,     implies    and
in this case all Nash stars and superstars are unstable if players are sufficiently forward
looking.
If status rents are relatively high, the core earns more than the periphery in a
Nash star, i.e.    (i.e. when        ). Hence, if     and  
 , the core in a Nash star will not change her investment and Nash stars may be stable.
Periphery players (cases I and II)
We have now derived the investment level of core players. That is, when    the
core player will invest in     units. For the corresponding Nash star or superstar to
be stable, a periphery player    should not want to challenge the core player .
Consider a periphery player . If  sticks to investing   , she expects to be in the
periphery of a  -star both at  and   , unless the core player is allowed to change
her investment at   . In this case she expects a Nash star to form at   .28 This
implies that she expects to earn:

28

Of course, the -star can also be a Nash star. This is the case in n4b22.
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where  is the payoff of  being in the periphery of the   -star, i.e.        
 . First note that investing      will lead to lower expected payoffs than not
investing. In this case,       and (by Assumption 2.1) no-one will link to  at
 or   . Hence,  will be better off by not investing and linking to  at  and   .
Then, the only possible profitable deviation is when  challenges  by investing in more
units. If    ,  expects that all others than  will link to her at  and   , and if 
is given the chance to update at    she will lower her investment and also link to .
This implies that she expects to earn:
(2.B.7)

                   
      







  

        

Note that the payoffs in (2.B.7) are the largest when  invests in the smallest possible
amount above , i.e. when     . Then, if            
the   -star is stable. This is the case when:
(2.B.8)

                  






   

   
Note the similarity between the inequalities in (2.2) and (2.B.8). Inequality (2.2) was
used to derive the value of   , i.e. the investment level at which a core player does not
expect to be challenged. As the RHS in (2.B.8) is smaller than the RHS in (2.2), the
core might actually be challenged in some cases. Note however that differences are very
small and decreasing in .29 Thus, with sufficiently large status rents and forwardlooking players, periphery-sponsored stars where the core invests in   units are stable.
Uniqueness
Now we will show that the   -stars are the only stable outcomes when    . First

29

If this does happen, a cycle between   -stars and    -stars is predicted by the model.
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note that if a pair of players   exists for which      and   
holds, the outcome is unstable as  will earn a higher expected payoff by not investing.
If  continues to invest    , she expects (by Assumption 2.1) not to attract any
links at  and    as    and    . Then, at    she could either
link to  or not. If she does so, she expects to earn        ,
while if she does not she expects to earn     . Note that both are strictly
smaller than  , the payoff that would result if at    she does not invest. This
implies the following lemma:
Lemma 2.B.1: If there is some player  who invests in the stage-game amount  or
more, i.e.  , any outcome where some other player  has positive investment is
unstable.
Which gives us the following useful corollary:
Corollary 2.B.1: All stable outcomes are either:
(i)

periphery-sponsored stars where the core invests in a positive amount and
no periphery player invests,

(ii)

inefficient outcomes where all players have lower investments than 

If    , (and, therefore,    ) the   -star is the only stable outcome when all
outcomes described in situation (ii) of Corollary 2.B.1 are unstable. In situation (ii) of
Corollary 2.B.1,     . There exists some value of investment  , such
that           . That is, players who choose an investment of at least
 will not form a link to any player  who invests     . Denote the number of
players who are below this threshold and who may choose to form a link by    
    . If     , the strategic situation boils down to the choice of a core
player in a periphery-sponsored star, which we described above. When  updates, she
will choose       (provided she is sufficiently forward-looking) and the
outcome must be unstable. At the other extreme, when   , player  expects that any
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other player  who revises her investment at    will choose   , unless 
increases her investment. If she remains at       , she expects to earn
    at   , while if she does not invest, she expects to earn  which is
strictly larger. Hence, not investing will lead to a higher expected payoff for  than not
changing her investment (provided she is sufficiently forward-looking) and the outcome
must be unstable. Extending this argument shows that for any value of  , a player who
updates will have a profitable deviation by either not investing of investing in  or
above to attract links. Hence, any outcome in (ii) of Corollary 2.B.1. is unstable when
   and only the   -star is stable. Recall that all Nash stars and superstars are
unstable when the reverse holds.
Predictions for the experiment
For all treatments with   , we have    and the behavioral model predicts that
the   -star will form. This means, that we expect a 2-star in treatment n4b22, a 4-star in
treatments n4b66 and n8b22 and an 8-star in treatment n8b66. In the treatments without
rents (n4b0 and n8b0), we expect that all periphery-sponsored stars will be unstable as
   in these treatments. We also compute the required lower bound on  for each
treatment. For n4b0, n8b0 and n4b22      . For n4b22,    and the 2-star
(the Nash star) is stable for any . For n4b0 and n4b22, we obtain the following
expected payoffs:
           ,
                           
,
               .
Nash stars are unstable when (2.B.3) does not hold, i.e. when one of the following two
conditions is satisfied:
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Hence, Nash stars are unstable when  






    
    



 .


and all periphery-sponsored stars are

unstable when          , which is the case when  




.

For treatments n4b66, n8b22 and n8b66,     and (2.B.2) should hold for the
  to be stable. Below, we give the expected payoffs for our game for investing in   or
below.
          ,
                         .
                     ,
                       
 ,
                .
It is easily computed that for any level of  both           and
            hold. Hence, the only relevant bounds on  come
from

         

         

and

.

Computing these bounds yields:
  

         
      



         
 

.

For n8b22 this gives       , for n4b66      
and for n8b66       .
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Appendix 2.C: Additional tables

TABLE 2.C.1: PAYOFFS AND WELFARE IN DIFFERENT STAR NETWORKS


Core
investment





  


W





  


W



W




W




W



W

  

22

37

103

37

191

103

169

191

345

235

301

499

653

  

82

42

288

42

616

108

354

196

770

240

486

504

1078

  

107

12

333

12

761

78

399

166

915

210

531

474

1223

  

126

-24

354

-24

858

42

420

130

1012

174

552

438

1320

  

129

-76

311

-76

827

-10

377

78

981

122

509

386

1289

  

132

-128

268

-128

796

-62

334

26

950

70

466

334

1258

  

133

-182

217

-182

749

-116

283

-28

903

16

415

280

1211

  

134

-236

166

-236

702

-170

232

-82

856

-38

364

226

1164

  

135

-290

115

-290

655

-224

181

-136

809

-92

313

172

1117

  

136

-344

64

-344

608

-278

130

-190

762

-146

262

118

1070

Notes: Payoffs for core ( ) and periphery (  players in different star networks where the periphery
players do not invest.  denotes the welfare level, which is defined as the sum of payoffs.

TABLE 2.C.2: MW TESTS FOR DIFFERENCES IN THE RELATIVE FREQUENCIES IN PERIPHERYSPONSORED STARS IN THE FINAL 25 PERIODS.
p-values
final 25 periods
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0.49
0.00
0.00
0.02
0.02
0.04
0.08
0.00
0.00

  



0.29
0.07
0.50

0.51
0.53

  



0.28

-





Appendix 2.D: Subgame perfect equilibria of the repeated game
The finitely repeated game has a plethora of repeated game equilibria, including those
where a stage-game equilibrium is played in each of the  periods. Here, we are
interested in equilibria in which players earn higher payoffs than when they repeatedly
play a stage-game equilibrium. We focus on equilibria in which superstars are
consistently formed, which includes the efficient superstar. In addition, we restrict our
attention to strict subgame perfect equilibria. In the GG model, all efficient outcomes
are superstars. We denote the efficient investment level by the core player in the
superstar by .
One way to support efficient equilibria is by the use of punishment strategies. Like
Benoit and Krishna (1985) we consider the use of ‘optimal punishments’. The optimal
punishment strategy yields the worst possible payoff for the punished player  that is
feasible in a subgame perfect equilibrium. The average payoff for the punished player 
from the optimal punishment in K periods of punishment is denoted by  , where
  is the total payoff of the punished player in these  periods. Benoit and Krishna
show that this payoff is bounded by:
        
where  is ’s minmax payoff and   her worst possible payoff in a stage-game
equilibrium.
One way to support (efficient and inefficient) superstars is by rotating the core position.
Proposition 2.D.1: In all of our experimental games with endogenous network
formation, efficient superstars with a rotating core position can be supported as part of
a subgame perfect equilibrium until period   , where    .
Proof. Suppose that all players observe a perfectly correlated signal  at the beginning
of each period . This signal is an independent draw from the set {1, …, }. Each
integer is drawn with equal probability. Consider the strategy profile  , where each
player’s strategy  adheres to:
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“In each period, the player who is assigned the core position is determined by the draw
of  , i.e. if   , player  will be in the core position in period . In a period, the core
player does not form any links, and all other players only form a link to this core
player. In the first T-Q periods the core player invests     and in the final Q periods
the core player invests the stage-game Nash level . If some player  deviates in period
, play switches to the punishment regime and the deviating player will be punished in
periods    to  by the optimal punishment strategy.”
The strategy profile   constitutes a subgame perfect equilibrium if it satisfies the onestage-deviation principle. That is, the strategy profile   is a subgame perfect
equilibrium if and only if:


    
    ,
   

where  indicates a deviant strategy of player , which differs from the equilibrium
strategy   only in period  and conforms to   thereafter (see for instance, Theorem
4.1 in Fudenberg and Tirole 1991, p.109, for a proof).
Let  and  denote the stage-game payoff of being, respectively, in the core
or the periphery of the superstar where the core invests in   . Likewise, we write 
and  for the payoff of being, respectively, in the core or the periphery of the Nash
star where the core invests in .
In   , the final  periods consist of a sequence of stage-game equilibria, hence, a
profitable one-stage-deviation can only exist in the first    periods. First consider
deviations by the core in these periods. The optimal deviation by the core player in a
superstar is to invest in the Nash level , which implies that a Nash star would result.
Hence, by deviating in period     , the sum of payoffs in periods  to  of core
player  will be:
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The expected payoff from following  is   


   periods and   








   in each of the first




   in each of the final  periods. In every period


    , the core player in the superstar will not deviate if:
(2.D.1)

                 

As         

 


 


.

, it suffices to consider only period     . Using

this, we can rewrite (2.D.1) to obtain:
(2.D.2)

 



   
,
 


which gives a condition for the minimal length of the ‘Nash phase’ that is needed to
avoid deviation by the core.30 As      

 


and    , the right hand

side of (2.D.2) is always positive.
If   , we have       . Using this in (2.D.2), we can compute for
our game that    if       and    if      . 31 Similarly, in our
games with status rents, the worst stage-game equilibrium payoff is the periphery
position in the Nash star. Using this as the average punishment payoff    in case
of deviation, we find that    if      ,    if      ,    if
      and    if       are needed to sustain the efficient superstar
with      . This shows that no core player will deviate in the first    periods
for the above bounds on .
Now consider deviations by a periphery player . Note that within a period, the
periphery player best responds by linking to the core in the superstar. If a periphery
player deviates, she will be punished in all   remaining periods. The expected
future payoffs in case of deviation are thus    . As         

 


,

the expected future payoff of adhering to the strategy  is strictly larger than the future

30

Proposition 2.D.1 holds whenever (2.D.2) is fulfilled. We have restricted the proposition to our
experimental games in order to keep the notation as simple as possible.


31
More specifically, if       we have   and if       we have   .
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payoffs of deviation. Hence, no periphery player will deviate, which shows that the
strategy profile   constitutes a subgame perfect equilibrium. Q.E.D.

Superstars with a fixed core player
Given that in practice rotation schemes are rarely implemented, we now focus on
equilibria where a fixed periphery-sponsored star is formed in all periods. We divide the
game in two phases: a ‘superstar phase’ where a superstar with a fixed core is played in
the first    periods, and an ‘end phase’ which consist of the final  periods.
Proposition 2.D.2: Consider the set of equilibria where (1) on the equilibrium path a
periphery-sponsored star with a fixed core player is formed and (2) in a punishment
phase the same network is formed in each of the remaining periods; then status rents
are necessary for the formation of superstars in the repeated game equilibrium.
Proof. In this type of equilibrium, the efficient superstar is played in periods 1 to   
and a Nash star is played in the final  periods. In every period, the same player  fills
the core position. Note that we rule out rotations on the equilibrium path as well as in a
possible punishment phase. Now, consider the following strategy profile  :
“In each period, the same player  is assigned the core position. This player does not
form any link, and all other players only form a link to this core player. In the first
   periods the core player invests the superstar level     and in the final Q
periods the core player invests the stage-game Nash level . If some player j deviates in
period , play switches to the punishment regime and the deviating player will be
punished in periods    to  by the optimal punishment strategy.”
First, consider deviations by the core player. As before, the optimal deviation by the
core in the superstar phase is to lower her investment to , which results in a Nash star.
Hence, the core will not deviate in the first    periods if:
(2.D.3)
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and will have a profitable deviation if the reverse holds. If     it is sufficient to
consider only period   , while if     it is sufficient to consider only the final
period of the superstar phase, i.e.     .
First consider the game without status rents. As before,     . As
   for any    , we consider period   . Using this in (2.D.3) reduces the
condition to    which is not true. Thus, the reverse sign holds in (2.D.3) and a
profitable deviation exists for the core player. Hence, the strategy profile   does not
constitute a subgame perfect equilibrium in the absence of status rents. Q.E.D.
Now, we will show that superstars with a fixed core can indeed be sustained in our
treatments with status rents. In our treatments with status rents     . In treatment
n4b22,    for any    , therefore we consider period   . In this case, the
minimal length of the Nash phase becomes:





    
  



.

Computing this for    , gives   , which implies that an efficient superstar with
a fixed core can be supported but only from period 1 to 29. In the other treatments with
status rents (i.e. n8b22, n4b66 and n8b66)    , which implies that it is sufficient to
consider the last period of the superstar phase. Using this in eq. (2.D.3) yields:
(2.D.4)

 


   
,




which provides a condition for the minimal length of the Nash phase. As     ,
and the payoff in the periphery of the Nash star is strictly smaller than  when
     , condition (2.D.4) implies that   in n8b22, n4b66 and n8b66. In the
final  periods, the Nash star will be played, which is a stage-game Nash network.
Hence, the core player has no profitable one-stage-deviation. Note that also superstars
with higher core-investment than 4 units could be supported in this manner. Superstars
can be supported in this way until the penultimate period as long as    . Table
2.C.1. in Appendix 2.C lists the payoffs in different star networks. In n8b22, superstars
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where     can be supported until the penultimate period, in n4b66 this is the case
for     and in n8b66 for    .
Finally, consider the periphery players in the game with status rents. Again,
within a period, the periphery players best respond by linking to the core in the
superstar. If a periphery player deviates, she will be punished in all  
periods. The average future payoffs in case of deviation are thus  . As
      , the future payoffs of adhering to the strategy are strictly larger than
the future payoffs of deviation. Hence, no periphery player will deviate, which shows
that the strategy profile   constitutes a subgame perfect equilibrium in the treatments
with status rents, and that efficient superstars can be sustained until period   .
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Appendix 2.E: Experimental instructions and test questions
All text in red italics is treatment specific. Treatment specific text is denoted by: <n4>
and <n8> for    and    respectively, <ENDO> and <EXO> for endogenous and
exogenous networks respectively and <b0>, <b22> and <b66> for the respective level
of status rents. All public good investments and links in examples and test questions are
independently and randomly generated for each subject.

Welcome!
Welcome to this experiment on decision-making. During the experiment, you are not
allowed to communicate with other participants. If you have any questions, please raise
your hand. One of the experimenters will come to you to answer your question.
During the experiment you can earn points. These points are worth money. How many
points (and hence how much money) you earn depends on your own decisions, the
decisions of others and chance. Your decisions are anonymous. They will not be linked
to your name.
Every 30 points are equivalent to 0.10 euro.
At the end of the experiment the points that you earned will be converted to euros and
the amount will be paid to you privately, in cash.
Today's experiment consists of two parts. You will spend most time on the second part.
The second part will be explained after you have finished the first part. Your decision in
the first part has no influence on the proceedings of the second part and your decisions
in the second part do not affect the proceedings of the first part.

Instructions first part
You are now given 600 points. You must decide how many points you want to invest in
a lottery. The points that you do not invest will be added your total earnings at the end
of the experiments and paid out to you in cash.
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The lottery: You have a chance of 50% of losing the amount you invest and a 50%
chance of winning two and a half times the amount you invested.
Whether you win or lose in the lottery is determined by chance. For this, you choose
whether you want to play heads or tails. If the outcome of the lottery is the same as your
choice, you win. The chance of heads or tails is equal: both occur with 50% probability.
The outcome of the lottery will be announced to you at the end of the experiment.
In summary, your earnings in the lottery are determined as follows. If you decide to
invest X points in the lottery and you win the lottery, you earn the number of points that
you did not invest in the lottery plus two and a half times the number of points that you
did invest in the lottery. Thus, your earnings will then be:
600 - X + 2.5 X.
If you lose then you will only earn the points that you did not invest. Your earnings will
then be:
600 - X.
If you have any questions, please raise you hand and one of the experimenters will
come to you to answer your question. If everything is clear, click below to make you
decision for the lottery.

heads

tails
Invest:
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Instructions second part
Please read the following instructions carefully. After reading the instructions we will
ask you several questions to test whether you understand the experiment. The
experiment will continue after you answered all questions correctly. While reading the
instructions, you can browse back and forth between pages by using the menu on the
top of your screen.
Your total earnings consist of the points you earn in the first part of the experiment (the
lottery) and the sum of all points that you earn in the second part of the experiment. At
the beginning of the second part you will receive a starting capital of 2000 points. This
will also be added to your earnings.
As before, every 30 points are equivalent to 0.10 euro
The second part of the experiment consists of 75 rounds. You have now been randomly
placed in a group of <n4> 4 <n8> 8 participants. The composition of this group will not
change during the experiment. In this group you will be randomly assigned a role. This
role will be indicated by a letter: <n4> "A", "B", "C" or "D" <n8> "A", "B", "C", "D",
"E", "F", "G" or "H". The letters <n4> "A", "B", "C" and "D" <n8> "A", "B", "C", "D",
"E", "F", "G" and "H" will thus refer to the same participant throughout the entire
experiment.
Everybody in your group has received the exact same instructions. However, it may be
that people that are not in your group will participate in a different experiment.

Costs and benefits
Every round you can earn points by having ‘access’ to units of a good. The number of
points that you earn depends on the number of units that you have access to. This is
shown in the following table:
Units

0

1

2

3

4

5

6

7

8

9

10

10+i

Benefits

0

92

152 177 196 199 202 203 204 205 206 206+i
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The table shows for instance that you earn 152 points if you have access to 2 units and
that you earn 204 points if you have access to 8 units of the good.
There are two ways to access units of the good.
1. You buy units of the good yourself.
2. You <ENDO> make <EXO> have a ‘link’ to another participant. In this case
you have access to the units that the other participant has bought.
<b22 b66> In addition, you will earn points if other participants make a link to you. For
each link that another participant makes to you, you will receive <b22> 22 points.
<b66> 66 points.
Buying units and <ENDO> making <EXO> having links is costly.
The cost of <ENDO> making <EXO> having a link is 70 points for each role. Every
round, you can maximally <ENDO> make <EXO> have one link to each of the other
roles. This means that you cannot <ENDO> make <EXO> have more than 3 links.
<EXO> You yourself will not decide on your links, like others will not decide on their
links. When you decide on how many units you want to buy, you will be informed about
the links that you will have in the current round. The number of units that you buy does
not affect links in the current or future periods. Similarly, the links that others buy
neither affect links in the current of future rounds. The participants in this experiment
do not have any influence on how the links evolve.
The cost of buying units is 55 points per unit. Every round, you can maximally buy 10
units of the good.
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In summary:
Cost per unit

55

Cost per link

70

<b22 b66> Benefits per link to your role

<b22> 22 <b66> 66

Example

role
A
B
C
D

units
bought
3
3
8
10

link to
B
A
AD

The table and the figure above show a possible outcome of a round. The table and figure
merely serve as an example, the content does not give any information on what to
expect in the experiment. The numbers chosen for this example have been chosen
randomly and are different for each participant.
The decisions of your role are displayed in orange and the decisions of the other roles
are displayed in blue. In the example, your role is A. In the figure, roles are indicated by
the letters <n4> A, B, C and D <n8> A, B, C, D, E, F, G and H. The number of units a
participant bought is indicated by the colored circles. The larger the acquisition of a
participant is, the darker is the circle at the corresponding role. In the example, the
participant in role B bought 3 unit(s) and the participant in role D bought 10 units. The
blue circle at role D is thus darker than the blue circle at role B. The acquisitions of all
participants are also listed in the table.
In the figure, links are indicated by arrows. The arrow points away from the one who
made the link. In this case, A <ENDO> made <EXO> has a link to B, B <ENDO>
made <EXO> has a link to A, C <ENDO> made <EXO> has links to A and D and the
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participant in <n4> role D <n8> roles D, E, F, G and H <ENDO> made <EXO> has no
links. These decisions are also listed in the table.
In the example your role is A. In the example above, your earnings would be calculated
as follows:
Cost/benefits
You bought 3 units

-165

You <ENDO> made <EXO> have 1 link(s)

-70

Access to 6 units

202

<b22 b66 ENDO> 2 link(s) made to you
<b22 b66 EXO> 2 link(s) to you
Earnings this round

<b22> 44 <b66> 132
<b22> 11<b66> 99

Practice questions I
Your group of four participants:
Is the same in every round
Changes from round to round
Which statement is correct:
Your role is the same in every round
Your role is determined randomly every round
How many points do you earn if you access 3 units of the good?
_____ points
How many points does it cost to <ENDO> make <EXO> have a link to another
participant?
_____ points
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<b22 b66 ENDO> How many points do you earn for each link that is made to you?
<b22 b66 EXO> How many points do you earn for each link to you?
_____ points

Practice questions II (identical setup for Practice questions III)

role

units bought

link to

A

4

B

B

7

D

C

3

D

2

A

The table and the figure above show a possible outcome of a round. The table and figure
merely serve as an example, the content has been generated randomly and gives no
information on what to expect in the experiment.
What are your total costs for <ENDO> making <EXO> having links in the example
above?
_____ points
In the example above you bought 4 unit(s) of the good. How many points does this
acquisition cost?
_____ points
How many units of the good do you access in total in the example above?
_____ points
What are your benefits of accessing units of the good in the example above?
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_____ points
<b22 b66 ENDO> How many points do you earn for the links that are made to your
role?
<b22 b66 EXO> How many points do you earn for the links to your role?
_____ points
What would be your earnings in the example above?
_____ points

End of instructions
You have reached the end of the instructions. You can still go back by using the menu
above. If you are ready, click on 'continue' below. If you need help, please raise your
hand

Hand-out printed summary
Summary
Your total earnings consist of the points you earn in the first part of the experiment (the
lottery) and the sum of all points that you earn in the second part of the experiment. At
the beginning of the second part you will receive a starting capital of 2000 points. This
will also be added to your earnings.
Every 30 points are equivalent to 0.10 euro
The second part of the experiment consists of 75 rounds. You have now been randomly
placed in a group of <n4> 4 <n8> 8 participants. The composition of this group will not
change during the experiment. In this group you will be randomly assigned a role. This
role will be indicated by a letter: <n4> "A", "B", "C" or "D" <n8> "A", "B", "C", "D",
"E", "F", "G" or "H". The letters <n4> "A", "B", "C" and "D" <n8> "A", "B", "C", "D",
"E", "F", "G" and "H" will thus refer to the same participant throughout the entire
experiment.
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Every round you can earn points by having ‘access’ to units of a good. The number of
points that you earn depends on the number of units that you have access to. This is
shown in the following table:
Units

0

1

2

3

4

5

6

7

8

9

10

10+i

Benefits

0

92

152 177 196 199 202 203 204 205 206 206+i

The table shows for instance that you earn 152 points if you have access to 2 units and
that you earn 204 points if you have access to 8 units of the good.
There are two ways to access units of the good.
1. You buy units of the good yourself.
2. You <ENDO> make <EXO> have a ‘link’ to another participant. In this case
you have access to the units that the other participant has bought.
<b22 b66> In addition, you will earn points if other participants make a link to you. For
each link that another participant makes to you, you will receive <b22> 22 points.
<b66> 66 points.
Buying units and <ENDO> making <EXO> having links is costly.
The cost of <ENDO> making <EXO> having a link is 70 points for each role. Every
round, you can maximally <ENDO> make <EXO> have one link to each of the other
roles. This means that you cannot <ENDO> make <EXO> have more than 3 links.
<EXO> You yourself will not decide on your links, like others will not decide on their
links. When you decide on how many units you want to buy, you will be informed about
the links that you will have in the current round. The number of units that you buy does
not affect links in the current or future periods. Similarly, the links that others buy
neither affect links in the current of future rounds. The participants in this experiment
do not have any influence on how the links evolve.
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The cost of buying units is 55 points per unit. Every round, you can maximally buy 10
units of the good.
In summary:
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Cost per unit

55

Cost per link

70

<b22 b66> Benefits per link to your role

<b22> 22 <b66> 66





Appendix 2.F: Screen shots
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Chapter 3
Authority and Centrality1

3.1

Introduction

It has long been a widely shared ‘truism’ that the possession of power leads to the
dilution of an individual’s moral character (see DeCelles et al. 2012 and the references
therein). A famous example is the abuse of power by ‘prison guards’ in the 1971
Stanford prison experiment (Zimbardo 2000). A common presumption is that the
actions of powerful individuals will be more strongly motivated by self-interest than the
actions of others (e.g., Persson et al. 2003). Such self-interested behavior is often
harmful to society at large. Indeed, due to the belief that “power is apt to corrupt the
minds of those who possess it” (William Pitt the Elder, 1848:94) many social and public
bodies are designed to divide authority and responsibility among individuals and across

1

This chapter is based on van Leeuwen et al. (2015)
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levels within the institution.
Little is known, however, about the relationship between having power and an
increase in self-interested actions. Moreover, different sources of power may have
distinct effects. Even if they have similar effects on individuals with power, those
without may respond differently to the (ab)use of distinct kinds of power. In this chapter
we will focus on what we believe are two of the main sources of power: (i) control over
the allocation of surplus and (ii) a pivotal position in society or an organization. The
power to allocate surplus (authority) is observed in many organizations, ranging from
wage determination in small firms to government spending at the national level. Power
through centrality arises when someone’s presence is vital for keeping a group together.
For example, centrality may arise in networks due to social connections, particular skills
or location. Think of a firm where one team leader brings together two teams with
diverse skill sets. Or geographically, if several nations or regions want to collaborate but
can only do so if a centrally located region is involved.
Though it is widely believed that power ‘corrupts’, it is difficult to obtain
empirical validation of this belief because reliable data are difficult to obtain in the field
(for one thing, because most people do not like to report that they have been affected in
this way). We will use the laboratory to collect data that will allow us to investigate the
consequences of introducing asymmetries in power. We choose an environment where
there is a tension between one’s own interest and the common good, to wit, cooperation
in social dilemma games. An important advantage of our approach is that cooperation
and free riding in social dilemmas are phenomena that are well understood.
We thus aim to better understand the effects of power asymmetries in social
dilemma games. We investigate whether and how power affects cooperative behavior,
distinguishing between power from authority and power from centrality. We ask both
how having power affects one’s actions and how others (without power) respond to this.
For the response to power abuse, we study the potential of one mechanism in particular
– ostracism of group members – to counterbalance the negative effects of power.
Specifically, we address three research questions in this chapter: (i) How is cooperative
behavior affected by having power? (ii) How do players without power respond to
power asymmetries? (iii) Does the abuse of power and the use of ostracism vary
between power from authority and power from centrality?
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To create power asymmetry in a social dilemma, we impose an exogenous
network structure. This allows us to create, in a natural way, the two types of power that
we are interested in. To create power derived from authority, subjects play a five-player
game of trust where one player has discretion over how the surplus created by voluntary
contributions is distributed among the members of the group. This is compared to a
classic voluntary contribution mechanism (VCM), where every player automatically
receives an equal share of the group surplus. Other than this difference in how proceeds
are distributed, the two games are equivalent.
To see how people react to power asymmetries in their groups, in some
treatments, we allow players the opportunity to ostracize others using a majority-voting
rule (as in Cinyabuguma et al. 2005). Excluding people from a group is an obvious way
in which abuse of power can be addressed. Think of voting out a politician or removing
all social ties with a corrupt leader. In this way, ostracism may be a strong tool in the
hands of the powerless to counteract the abuse of power.
The opportunity to ostracize group members also allows us to investigate power
from centrality. This occurs in networks where one or a few pivotal players are essential
for keeping the network connected.2 Sociologists have long known that such centrality
produces power in networks (Bonacich, 1987). The essence of power through centrality
is intuitive; leaving out the central player causes the network to fall apart, which is a
costly act for other actors involved. For this reason, power though centrality may lead to
what anthropologists call ‘tolerated theft’ (e.g., Blurton Jones, 1984, in a different
context). This occurs when agents allow others to take advantage of their social
position. As far as we are aware, this hypothesis has hitherto not been systematically
studied in the economic and game-theoretic literature. Moreover, even if theft by those
with power through centrality is indeed tolerated, it remains an open question whether
the same holds for other forms of power.
The introduction of players with either type of power creates heterogeneity
across players in the social dilemmas that we study. This in itself may affect


2

Centrality in a network can be characterized by maximal betweenness, nearness, degree and influence
(Freeman, 1979; Jackson, 2008). Betweenness measures the frequency with which a point (i.e., player) in
a network falls between pairs of other points. Nearness is defined by the distance of a point to all other
points in the network. A point’s degree measures the number of other points it is connected to. Influence
is closely related to betweenness and measures the fraction of the network that is affected by changes in a
point (e.g., decisions by a player).

77





cooperation. Whereas most work on social dilemmas has focused on homogeneous
groups, there are notable exceptions, starting with the seminal work of Ostrom et al.
(1994). Players can be heterogeneous in terms of endowments (Cherry et al. 2005),
marginal productivity (Tan 2008; Tan & Noussair 2011) and marginal benefits (Fisher
et al. 1995), for example. How heterogeneity affects cooperation between different
types of players and at the group level depends on the particulars of the game (see
Reuben and Riedl 2013 for a recent overview of the literature). In contrast to these
studies on VCMs, there are very few studies of heterogeneity in trust games, partly due
to the predominant restriction to two players. An exception is Anderson et al. (2006)
who show that heterogeneity in show-up fees does not affect choices.3 All in all, no
clear picture has yet emerged about the effects of various types of heterogeneity on
behavior in social dilemmas.4
Our results show that players with authority try to ‘lead’ their groups towards
more efficient outcomes; in the absence of ostracism, they are even more cooperative
than are those without power. With ostracism, they are initially as cooperative as are the
powerless. However, when ostracism is available, players with authority are often
excluded, and very early in the game. This suggests that, though authority has the
potential to raise efficiency, those without power resent it and do not allow the
realization of this potential. In contrast, centrality is often used as a license to act
uncooperatively. Though the possibility of ostracism does increase cooperation levels,
central players free ride more than others even though they can be ostracized. The
others tolerate such behavior; despite their lower cooperativeness, central players are
not ostracized more often.
Our results for authority put the previous experimental literature in a new
perspective. Far from leading to corrupt behavior, this form of power, often referred to


3

Also related to our authority treatments are the 3-person trust games studied by Cassar & Rigdon (2011)
and Buskens et al. (2010). An important difference with these two studies is that in their setup the two
‘senders’ play separate trust games with one ‘receiver’ whereas in our study all ‘senders’ play a joint
game in the sense that all contributions are added up and the receiver cannot return distinct amounts
across the senders.
4
There are several experimental studies that investigate public good provision in a network. The network
determines which contributions can be accessed (Rosenkranz and Weitzel 2013; Charness et al. 2014)
who can monitor whom (Eckel et al. 2010; Fatas et al. 2010), who can punish whom (Leibbrandt et al.
2014) or a combination of these (Carpenter et al. 2012). However, none of these studies involves power
heterogeneity.
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as ‘leadership’, has been shown to have the potential to raise cooperation in groups
(see, for instance, van der Heijden et al. 2009 and Stoddard et al. 2014). However,
previous work has not considered how those without power react to the presence of
such ‘leaders’ in their groups, other than in the own cooperation decisions. While
leaders may act cooperatively, it cannot be taken for granted that others expect them to
do so. If anything, the truism alluded to at the beginning of the chapter suggests the
opposite. Our results show that others jump on the opportunity to ostracize such leaders.
This also adds to our understanding of the role of ostracism in social dilemmas, which
has previously been shown to raise cooperation in groups (Cinyabuguma et al. 2005).
We show that this may no longer hold under power asymmetry.
Closest to our study is a recent paper by Cox et al. (2013) who also study social
dilemmas with power asymmetries. In particular, their treatment where one player (a
“King”) moves last and can decide to either take from or contribute to a common fund
relates to our treatments where the central player has authority over the generated
surplus. They find that the presence of such a King leads to significantly lower
contributions by the other players compared to the baseline VCM without power
asymmetries. However, Cox et al. (2013) does not involve a network structure and as a
consequence, there is no power from centrality. Further, they do not allow for ostracism
or other mechanisms that allow others to react to power. In contrast, a comparison
between types of power and the reactions of the powerless are at the core of the research
we present here. To the best of our knowledge, we are the first to study the effects of
power derived from authority and network centrality in social dilemmas.
The remainder of this chapter is organized as follows. The next section presents
our experimental design and section 3.3 presents our testable hypotheses. Section 3.4
presents our results and section 3.5 concludes.

3.2

Experimental Design and Procedures

Subjects interact in fixed groups of five participants, with whom they play five
repetitions of a game explained below. Each session consists of five blocks of such fiveround games, with new groups in each five-round game. We employ a 2 × 2 × 2
between-subject design, where we vary (i) whether or not the stage game they play
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TABLE 3.1: SUMMARY OF TREATMENTS

No Ostracism (⇒ no Centrality)

No Centrality
Ostracism
Centrality

No Authority
nAnO
VCM-no voting
N = 85 (n = 6)
nAnC
VCM-voting
N = 75 (n = 6)
nAC
VCM-voting
N = 90 (n = 6)

Authority
AnO
Trust-no voting
N = 85 (n = 6)
AnC
Trust-voting
N = 65 (n = 6)
AC
Trust-voting
N = 75 (n = 6)

Notes. The first row in each cell gives the treatment acronym. The second indicates the stage game
played (a VCM or a multi-person trust game) and whether or not there was a voting stage to exclude
players. The last row gives the number of subjects (N) and independent matching groups (n). Each
subject played the five-round stage game five times, with new groups formed from a 10- or 15-person
matching group.

induces power from authority; (ii) whether or not the network structure induces power
from centrality; (iii) the availability of ostracism as a mechanism to enhance
cooperation. Power from centrality, however, can only exist if ostracism is possible; if a
central player cannot be removed from the network, she will always connect the others.
The

treatment

combinations

no-authority/centrality/no-ostracism

and

authori

ty/centrality/no-ostracism therefore do not exist. This leaves six treatments cells, which
are summarized in Table 3.1 and discussed in more detail below. Table 3.1 also defines
the acronyms that we will use and shows the number of observations we have for each
treatment.
In all treatments, subjects play on one of two networks consisting of five players
labeled ‘Center’ (C), ‘North’ (N), ‘East’ (E), ‘South’ (S) and ‘West’ (W) (see Figures
3.1a and 3.1d). We will refer to the last four players as ‘periphery players’. Subjects
play the game with all their neighbors in the network. The neighbors of a player are all
the players with whom she is either directly or indirectly connected (a connection is
indicated by a line in Figure 3.1).
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FIGURE 3.1: NETWORK STRUCTURES

a: No player excluded

d: No player excluded

b: Periphery player excluded

e: Periphery player excluded

c: Center player excluded

f: Center player excluded

Notes. The top panel shows the network structure for the cases without power from centrality and the
lower panel when there is centrality. The three cases per panel distinguish between the network
comprising of all players, the network without N and the network without C.


In each round, players participate in a social dilemma game. Decisions and
earnings are denoted in points. Each player  receives an endowment of 50 points at the
beginning of each round. All players decide simultaneously how much of the
endowment,   , they want to invest in a common fund. The returns that player
 receives from the common fund are denoted by  . This gives the following payoff for
player  in each period:
       

Authority
In all No Authority treatments (nAnO, nAnC and nAC) the returns from the common
fund are given by a standard VCM mechanism, with an MPCR of 0.6. This gives:
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  ,

where  denotes the set of neighbors of . Subjects decide simultaneously and the
contributions of all players in the group are publicly announced at the end of each
round.
In the Authority treatments (AnO, AnC and AC) we depart from the standard
setting by allowing the center player to decide how to allocate the returns from the
common fund. This player receives all contributions to the common fund from the
periphery players. These contributions, and her own are multiplied by a factor
       , i.e. if no player is excluded the contributions are multiplied by a
factor   . The value of the common fund is then    

  .

5

The

center player determines the division of the common fund within the group. In
particular, she decides how much, R, of the common fund, to return to the periphery
players, which is then divided equally among them. Thus the returns from the common
fund are      for the center and      for each periphery player. Note
that the center player cannot discriminate among periphery players. Subjects thus play a
trust game with four senders (the periphery players) and one receiver (the center player,
who can also ‘send’). Each period consists of two decisions. First, all players decide
simultaneously on their contribution  and all contributions are made public
information. Second, the center player decides on , and payoffs are realized and made
public.
Centrality
To create power from centrality in this framework (nAC and AC), we allow players to
be excluded from further participation in the network, in a manner explained below. If a
player is excluded from the network, the non-excluded players can only continue with
players with whom they remain connected. In the complete networks of the type shown
in the top panel of Figure 3.1, those not excluded remain connected in groups of four,


5

The specification of  ensures that the maximal sum of payoffs is the same in all treatments. Note that
the VCM without authority is captured by this specification: the group account is split equally and each

player receives
  , which is    for full networks, i.e., the MPCR is 0.6.
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irrespective of whether a periphery player (3.1b) or the center player (3.1c) has been
excluded.
This is different in the centrality case depicted in the lower panel. Power from
centrality occurs because one player (C) is necessary to keep others connected to each
other. The general idea is that there are two pairs of periphery players (N&W and S&E)
that are connected only via the center player C. In a network like 3.1d, the consequences
of removing a player depend crucially on her position. Consider first the situation
illustrated in Figure 3.1e, where player N has been excluded. All of her connections
have been removed. Here, the remaining four players remain connected. Figure 3.1f
illustrates the case when the center has been excluded. This creates two separate groups
of two players each (N&W and S&E), as all of C’s connections have been removed.
This is the way in which power from centrality is operationalized in our design. The
center player has more of this power than the periphery players. When C is excluded,
the periphery players not only lose her future contributions (this also occurs when a
periphery player is excluded), but also of two other periphery players. This makes it
more costly to exclude the center player in our centrality treatments.
Ostracism
Our third treatment variable concerns the possibility for players to exclude others from
further interaction with the group, i.e., to create the networks in Figures 3.1b or 3.1c
(3.1e or 3.1f) from the five-player networks in 3.1a (3.1d). When there is no ostracism,
all five players participate in each of the five repetitions of the stage game. With
ostracism, each of the first four rounds ends with a voting stage that can lead to one or
more players being banned from the group.6 As explained above, ostracism allows us to
create power from centrality.
After having observed others’ decisions in the social dilemma played in the
current round, each player in a group may cast votes to exclude any number of players
she is still linked with. She may cast at most one vote for each player.7 If a player
receives half or more of the possible number of votes, she is excluded until the end of


6

There is no voting stage in the final period. Note that the fact that more than one player can be excluded
means that the networks in Figure 3.1 do not cover all possible cases. Other cases are straightforward.
7
We allow players the option to vote to exclude themselves as well. This was observed in only 16 out of
6,100 instances of voting.
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the five rounds and can no longer participate in the remaining rounds. Hence, in a group
of five, a player is excluded if she receives three or more votes, and in a group of four
two votes suffice to be excluded. Voting is costless and anonymous in the sense that
only the number of votes cast by each subject is announced but not at whom the votes
were directed. Moreover, it is announced which players have been excluded (if any).
Excluded players receive a fixed sum equal to the endowment in the stage games
for each of the remaining rounds, but can no longer interact with the group in any way.
Hence an excluded player can no longer contribute nor will she receive any benefits
from the common fund. Also, excluded players are not allowed to vote for exclusion. In
case a player has been excluded, non-excluded players can only vote to exclude one or
more of their remaining neighbors. For the remaining players, the consequences of a
player being excluded depend both on the treatment and on the player concerned. In
networks without centrality or authority the remaining players play the (four-person)
VCM. 8 With authority, but without centrality, the remaining players play a (fourperson) trust game if a periphery player has been excluded and a four-person VCM if
the central player has been excluded. When there is power from centrality but not
authority, players play a four-player VCM after exclusion of a periphery player (Figure
3.1e) and two-player VCMs if the central player has been excluded (Figure 3.1f).
Finally, with centrality and authority, exclusion of a periphery player (3.1e) yields a
four-person trust game and exclusion of the central player (3.1f) gives two-player VCM
games. 
Procedures
The computerized experiment was run in the CREED laboratory of the University of
Amsterdam. In total 475 student subjects from a variety of academic disciplines
participated, each in one session. For each treatment, we ran 3 sessions, each with 20,
25 or 30 subjects. Upon entering the laboratory, communication between subjects was
restricted and subjects were randomly assigned separate cubicles. Subjects received onscreen instructions, which they could read at their own pace. After reading the

8

We discuss here the situation after the first exclusion. The cases for subsequent exclusions follow
straightforwardly.
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instructions, all participants were requested to answer several test questions. 9 The
experiment started only after all subjects had answered the test questions correctly. Each
session lasted approximately one hour.
Within a session, subjects played five blocks of one of the five-round games
described above. To reduce noise and avoid behavioral spill-overs, subjects’ roles were
kept fixed throughout a session; a subject was randomly assigned either the center or a
periphery role at the beginning of a session. In all treatments, subjects’ contributions in
a round were identified by their position in the network, i.e., North, South, etc.
However, to minimize the possibility of long-term reputation formation and thus
revenge motives, subjects were randomly re-matched into different groups after each
block of five rounds. For this re-matching, we used two matching groups with either 10
or 15 subjects each, depending on the number of participants in the session. After the
experiment, subjects were requested to fill out a short questionnaire.
At the end of each session, one block was randomly selected and subjects were
paid their earnings from all rounds within this block. Earnings in points were converted
to cash using an exchange rate of 60 points to one euro. Subject earned between 10.60
and 30.70 euro, with an average of 15.90 euro, including a show-up fee of 7 euro.

3.3

Hypotheses

We make the ‘standard’ assumption that players’ preferences are fixed; in this case this
means that preferences are not affected by having power. The stage-game equilibria of
the social dilemma games are then straightforward for the case where individuals are
self-interested. In the VCM, nobody will contribute to the common fund. In the trust
game, the only player that will contribute to the common fund is C, who (as long as she
is connected to some other player) will contribute her entire endowment and keep all the
proceeds for herself. As a consequence, power is not predicted to have any effect; the
only treatment effect predicted in the self-interested case is that a player with authority
will contribute more to the common fund than players without, though she will not


9

Summaries of the experimental instructions are provided in Appendix 3.A. Full instructions and the test
questions are available in an online appendix (www.borisvanleeuwen.nl/ACinstructionsfull.pdf).
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share it. This case of self-interested preferences serves as a benchmark yielding the null
hypotheses for our statistical tests.
In the experiment, we implement a (finitely) repeated game and we add
ostracism in some treatments. If players are assumed to be self-interested and believe
that all others are too, there are no repeated game equilibria with positive contributions
in the VCM games.10 This is different in the Authority treatments with ostracism. Here,
the threat of exclusion does affect players with authority as the stage-game Nash payoff
is strictly higher than the exclusion payoff for players with authority. This opens the
door for repeated game equilibria where the center player shares some of her surplus
and where periphery players make positive contributions. In any case, repeated play of
the stage-game equilibrium is still an equilibrium of the repeated game.
If we assume that (some) players have social preferences or if (some) players
believe that some fraction of the population is willing to ostracize free riders,
cooperative repeated game equilibria may exist in all treatments. Moreover, in this case,
treatment effects may be predicted in equilibrium. However, this leads to a plethora of
equilibria, depending on the specific assumptions. Instead of deriving all equilibria and
searching for refinements, we will employ a simple setting with cooperative types
(similar to Kreps et al. 1982) to derive comparative statics for the effects of ostracism,
centrality and authority.
Before doing so, we define what we mean by ‘cooperation’ in our settings. To
measure cooperation at the individual level, we consider how a player’s choice affects
the payoffs of others. For a periphery player and for a central player without authority,
this simply means that the measure should be perfectly (linearly) correlated with the
contribution to the common fund. For a player with authority, cooperation entails more
than just contributing to the common fund. Since she will contribute her complete
endowment even if selfish, she will create more surplus than the periphery players
whenever the latter contribute less than their endowments. In addition, a cooperative
type must also distribute the surplus raised in a ‘cooperative’ manner.

10

In some settings, costless voting could lead to repeated game equilibria with positive contributions
(Hirshleifer & Rasmusen, 1989). However, in our study, excluded players still earn their endowment
(which equals the Nash stage-game payoff). For this reason, there exists no subgame perfect equilibrium
with positive contributions if all agents are payoff-maximizers. More information is available upon
request.
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We denote ‘individual cooperativeness’ by  defined as:
(3.1)

       , i = C, P

where  denotes i’s contribution level. For players without authority, we adopt the
convention that   . For a player with authority, we define a fully cooperative
distribution,  , as one that divides the surplus generated by the group equally
among all players. Our benchmark for cooperative behavior is thus the VCM where this
happens by default. Part of our measure of cooperation for players with authority, then,
is the fraction of this fully cooperative distribution they implement. To quantify, we
define:
   .
Note from (3.1) that – like any player – a player with authority acts uncooperatively if
she contributes less than 100% of her endowment (which in her case also does not serve
her self-interest). 11 She also acts uncooperatively if she returns an ‘uncooperative’
amount. In our experiments, almost all subjects with authority contributed their entire
endowment. Their level of cooperation is then determined almost exclusively by  , the
extent to which they share the gains from cooperation with the periphery.
We now turn to a formulation of our alternative hypotheses. As mentioned
above we consider a simple setting where players are either self-interested or of a
‘cooperative type’. We assume that all players act rationally, conditional on their
preferences. Cooperative types unconditionally play in a way that achieves    in all
periods.12 If there is the possibility of exclusion, they will vote to exclude any player
that does not act as a cooperative type in this way (i.e., any player j with   ). Let 
be the prior probability that player  assigns to  being a cooperative type and   
the prior probability that that player  assigns to  being self-interested. Given that
interactions are anonymous and positions are randomly allocated, we will simply


11

An exception is the case where she returns more than Requal. This yields  >1 and the possibility that 
>1 even if she does not contribute her complete endowment. This scenario where  >1 was only
observed in 4% of the cases.
12
The assumption of unconditional cooperation for this type is, admittedly, limiting. But, we see our
approach as applying a ‘toy model’ aimed at deriving plausible comparative static predictions.

87





assume        . Note that the model nests the standard case where all
players are rational and self interested by setting   .
For each of the treatment variables, we will use this setup to derive alternative
hypotheses. We do so by examining whether players would prefer to (i) exclude others
who were observed to free-ride (  ) or cooperate (  ) in the penultimate
cooperation stage, and using this, whether (ii) self-interested players will mimic
cooperative types in the penultimate cooperation stage. This allows us to derive the
relevant comparative statics. We base the direction of the comparative statics on the
level of  that is needed to sustain cooperation; we expect higher levels of cooperation
in situations where a lower  is required to sustain cooperation.
In all treatments, in the final round, self-interested players will simply play
according to the stage-game Nash equilibrium: players without authority will not
contribute anything and players with authority will contribute their complete
endowment and keep the entire group account. In both cases   .
Before considering the effects of power, we consider groups where no one has
power (nAnO and nAnC). Without the possibility of ostracism, self-interested players
will not cooperate in the penultimate round, as there is no mechanism through which
cooperative behavior can be enforced. This is independent of the proportion of
cooperative types . This changes with ostracism. Consider a strategy profile where
players that do not fully cooperate, i.e., players with   , are excluded and others are
not. A self-interested player is willing to sustain such a strategy profile as any player
with    cannot be a cooperative type and will thus be uncooperative (  ) in the
final period. Excluding such a player will not affect ’s payoffs. On the other hand,
excluding a player who acted cooperatively (  ) is costly in expectation if   .
Similarly, being excluded from the final period is costly when   . For complete
groups, payoffs for a self-interested player are           if she
has not been excluded and simply  if she has been excluded. Given that all other
players are either a cooperative type or mimicking a cooperative type, for a selfinterested player, mimicking a cooperative type in the penultimate round is a best
response if:
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i.e. when   . Hence, a small proportion of cooperative types suffices to sustain


cooperation under the threat of exclusion. This leads to our first hypothesis:
Hypothesis 1 (positive effect of ostracism):
 and  are both higher in nAnC than in nAnO.
This is in line with previous evidence that the ability to exclude players from the group
raises cooperation (Cinyabuguma et al. 2005). As there are no power asymmetries in
nAnO and nAnC, we expect that both roles (center and periphery players) will be
equally (un)cooperative.
Now consider the effects of introducing authority. In the absence of ostracism
(AnO) cooperation cannot be sustained in equilibrium, regardless of the value of .
Hence, we expect that the introduction of authority will not affect cooperativeness in the
absence of ostracism. This changes with ostracism. First, consider the center player.
Excluding an uncooperative center player does not come at a cost, but will in fact lead
to higher payoffs in the final period when   . This is because a self-interested center
player will keep all the proceeds of the common fund to herself. If the center player acts
uncooperatively in the penultimate period, then this reveals that she is self-interested.
Excluding the center will then be beneficial, because by doing so, a 4-player VCM will
be played in the final period and one might benefit from the presence of cooperative
types amongst the other periphery players. If the center player acts cooperatively in the
penultimate period, she could be a cooperative type or self-interested. Periphery players
may wish to exclude her, again yielding a 4-player VCM in the final period. The
expected payoffs for a self-interested player in this 4-player game are     
    . Leaving the center in the group means that the self-interested player
will only benefit from (others’) contributions to the group fund if the center player is
cooperative (which occurs with probability ). This gives an expected payoff in the
      . Hence, self-interested

final period of         

periphery players will prefer to exclude a center player with authority who cooperated
in the penultimate period when  




(which we assume from here onwards).

Anticipating that she will be excluded anyway, a self-interested center player will be
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uncooperative in the penultimate period. Hence, in the presence of ostracism, authority
will have a negative effect on the average cooperativeness of center players.
Now consider the periphery players. Excluding an uncooperative periphery
player does not come at a cost, while excluding a cooperative periphery player is costly
if   . Hence, uncooperative periphery players may be excluded in equilibrium but
cooperative periphery players may not. Given that a self-interested center will be
uncooperative in the penultimate round (and that the center will be excluded in any
case), a periphery player will mimic a cooperative type when:
    
which holds for  




           

 ,

. Recall that without authority, mimicking the cooperative type is


a best response for   . Hence, under the threat of exclusion periphery players require


a greater proportion of cooperative types in order to sustain cooperation when authority
is introduced.
Hypothesis 2 (effects of authority):
(a) In the absence of ostracism, authority does not affect cooperativeness, i.e. 
and  are the same in AnO and nAnO.
(b) In the presence of ostracism, authority lowers cooperativeness of both center
and periphery players, i.e.  and  are lower in AnC than in nAnC, but center
players are more likely to be affected, i.e.     in AnC.
We now move to the effects of centrality on cooperativeness within groups. Recall that
ostracism is a necessary condition for center players to derive power from centrality.
Thus, we compare power from centrality to the situation where groups can ostracize
members but there is no power from centrality (nAnC). Excluding an uncooperative
player without centrality (any player in nAnC or a periphery player in nAC) will not
affect expected payoffs in the final round. Excluding an uncooperative central player
comes at a cost though: one can no longer benefit from the contributions by cooperative
types who were connected via C. Hence, self-interested periphery players will not be
willing to exclude an uncooperative player with centrality for any   . This reduces
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the chances that a central player acting uncooperatively will be excluded, allowing her
to ‘abuse’ her power. Note that centrality does not change the effect a threat of
exclusion has on periphery players.
Hypothesis 3 (effects of centrality):
(a)     in nAC.
(b)  is lower in nAC than in nAnC.
Finally, we consider the situation when a player derives power from two sources, i.e.,
from both authority and centrality (AC). Since ostracism is necessary for centrality, we
focus on situations that allow ostracism. As described above, with only one source of
power we expect powerful players to take advantage of their position, both for power
from authority and power from centrality. In AnC, periphery players may even exclude
center players when they act cooperatively. This is because they have an attractive
alternative: a 4-player VCM. In AC, this alternative is a 2-player VCM, which is less
attractive than the 4-player version. In AC, periphery players will only exclude a center
player acting cooperatively in the penultimate round when
                ,
which never holds in the presence of cooperative types (    ). Excluding an
uncooperative center does lead to higher expected payoffs for periphery players (if
  ). Now, a self-interested center player will mimic a cooperative type if:
               ,


which holds if   . This is the same constraint as in AnC. Hence, we do not expect


that the cooperativeness of center players is affected by the addition of centrality to
authority. The other way around, we expect that adding authority to centrality has a
positive effect on the cooperativeness of center players. This is because (as argued
above) uncooperative center players face no threat of exclusion when there is no
authority. When adding authority, the threat of being ostracized provides a reason to be
more cooperative.
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Hypothesis 4 (effects of authority and centrality):
(a)  is larger in AC than in nAC.
(b)  is not different in AC and in AnC.
The key to increased cooperation is thus punishment (here, votes to ostracize)
specifically targeted at those with low cooperation levels.13 In our ostracism treatments,
we expect lower cooperativeness to be associated with higher rates of ostracism. In
addition, we explore whether the distinct roles (center or periphery) are targeted for
ostracism with different intensities. If there is no discrimination by voters between
roles, targeting would imply (negative) correlations between cooperation and exclusion
rates that are similar across network positions. Conditional on cooperativeness, if
players in a particular role face a higher (lower) ostracism rate, we say that the role
faces negative (positive) discrimination. We hypothesized above that players with
power from centrality will abuse their power. In light of the high cost of ostracizing
such players, we expect that they will face positive discrimination. In contrast, center
players in AnC are expected to be ostracized even when they are cooperative.
Hypothesis 5 (exclusion):
(a) Players with higher cooperativeness receive fewer votes for exclusion.
(b) Conditional on cooperativeness, center players face positive discrimination
when they have power from centrality, i.e., they receive fewer votes for exclusion
than periphery players with similar levels of cooperativeness.
(c) Conditional on cooperativeness, center players face negative discrimination
when they have power from authority, i.e., they receive more votes for exclusion
than periphery players with similar levels of cooperativeness.
These hypotheses will be tested against a null of no effect of cooperation on votes to
exclude and no discrimination, respectively.
The above hypotheses focus on the individual and take into account the impact
of a player’s choices on the distribution of surplus, especially in the trust game. To

13

Such threats of retaliation have been seen to work in other disciplining mechanisms as well. For
instance, see Fehr and Gächter (2000) and Sefton et al. (2007) on peer punishment in public goods games.
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examine the impact of power on group-level performance, we construct a measure of
cooperation at the group level, which we call the ‘net efficiency gain’,   :
(3.2)

  




,

where ‘Nash surplus’ is the surplus in the Nash equilibrium for self-interested players
and 750 is the maximum aggregate surplus in a round. Note that for the VCM,
  correlates perfectly with aggregate contributions. For the Trust game, it corrects for
the fact that even self-interested players with authority contribute in the Nash
equilibrium. Finally (3.2) only measures the gain in efficiency and says nothing about
how the surplus is distributed (which is especially relevant for the Trust game). As with
individual cooperation, we expect that ostracism will raise group-level efficiency.
Excluding players (especially those with authority) will lower efficiency, however.
Based on hypothesis 2, we then expect, ceteris paribus, authority to reduce efficiency in
the presence of ostracism. Similarly, based on hypothesis 3, we expect centrality to
reduce efficiency.
Hypothesis 6 (efficiency):
(a)   is higher when ostracism is available; i.e. higher in nAnC than in nAnO
and higher in AnC than in AnO.
(b) In the presence of ostracism, the addition of power from authority decreases
  ; i.e.,   is lower in AnC than in nAnC.
(c) The addition of power from centrality decreases   ; i.e.,   is lower in nAC
than in nAnC.
We will test hypotheses 1-6 in the next section.

3.4

Results

We start with a general overview of our results. This is followed by separate discussions
of the effects of the two power types, starting with the absence of power and finishing
with the combination of the two types. We then provide discussions of voting (to
ostracize) behavior and our efficiency results. First, Figure 3.2 presents the mean
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Notes. The three panels on the left denote the treatments without authority and the three panels on the right show the cases with
authority. The horizontal axis shows the five rounds. For each round, cooperativeness is averaged across five blocks. The graphs are
based on decisions by individuals who have not been excluded from their group and who are not isolated.


FIGURE 3.2: MEAN COOPERATIVENESS () BY PLAYER POSITION








cooperativeness () in our various treatments.14 For this overview we combine data
from all blocks.15 The figure shows that cooperation is higher with ostracism than
without and that differences in cooperation between the center and the periphery occur
only when there is power of either type (but not when both types of power appear
together). We will investigate the differences across treatments in more detail in the
following subsections and test the hypotheses derived above. Unless stated otherwise,
all reported statistics come from two-sided tests using matching groups as the unit of
analysis, and averages over all rounds and blocks.16 The number of observations is thus
six in each comparison sample.
3.4.1 No Power - The effects of ostracism
Figure 3.2 shows the usual pattern of declining cooperation over time in the standard
public goods game (nAnO) in the absence of any power and ostracism (see, for instance,
Fehr and Gächter, 2000). In the absence of power, the only difference between player
positions is one of framing, where the center player is presented as being in the ‘middle’
of the group. As predicted, this has no effect; there is no difference in cooperativeness
between the center and periphery players. A Wilcoxon signed ranks test (henceforth, W)
shows no significant difference in γ between the center and periphery players in nAnO
(W, p = 0.463).
Once we allow for ostracism (nAnC), we observe that cooperation increases for
both center and periphery players. This pattern replicates findings in Cinyabuguma et al.
(2005), an early work documenting the finding that ostracism raises cooperativeness in
groups.17 As expected, there are again no differences between the roles (W, p = 0.463).
Mann-Whitney tests (MW) confirm that cooperativeness increases with ostracism for
both center (MW, p = 0.078) and periphery (MW, p = 0.016) players. As a


14

For completeness, the corresponding figure for contribution levels (as opposed to ) is presented in
Appendix 3.B. As expected, players with authority contribute almost 100% of their endowments in all
rounds. Appendix 3.B also presents the return rates  for players with authority power and a table with
the mean cooperation rates by treatment and position.
15
We do not observe any differences in cooperation between blocks, except in nAnO, where we observe a
downward trend over blocks.
16
When we exclude the last round of each block, all results remain qualitatively the same
17
Note the end effect exists even with ostracism; there is a sharp drop in cooperativeness in round 5. This
can be attributed to the fact that there are no opportunities to ostracize group members in the final round.
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consequence, average cooperativeness in the group as a whole is higher (MW, p =
0.010). This gives our first result summarized below.
Result 1 (effects of ostracism): In the absence of power, the opportunity to ostracize
group members raises the cooperativeness of both center and periphery players.
This supports hypothesis 1.
3.4.2 The effects of power from authority
The three panels on the right half of Figure 3.2 show, first, that in the absence of
ostracism (AnO) the cooperativeness of periphery players is reduced relative to when no
one has power (MW, p = 0.055) while that of center players remains unaffected (MW, p
= 0.150). Taken together, average cooperativeness in the group is lower as well (MW, p
= 0.037). As before, we observe a steady decline over time. Further, authority drives a
wedge between the cooperation levels of the center and periphery players – center
players are significantly more cooperative than are periphery players (W, p = 0.028).18
When ostracism is allowed in the presence of authority (AnC), cooperativeness
increases unambiguously for periphery players compared to the case of no ostracism
(MW, p = 0.004). While cooperativeness initially increases for center players, the
overall effect across five rounds is not significant (MW, p = 1.000).19 Overall, ostracism
does raise average cooperativeness in the group as a whole (MW, p = 0.016). Hence, the
threat of exclusion promotes cooperation in the presence of authority as well. However,
across all rounds center players are less cooperative than periphery players (W, p =
0.046). A comparison of the left and right panels of Figure 3.2 shows that, when
ostracism is available, the addition of authority (nAnC vs. AnC) does not affect the
cooperativeness of periphery players while that of powerful players is reduced (MW, p
= 0.078 for center, p = 0.749 for periphery). The latter effect seems to be due mostly to
lower cooperativeness of players with authority in later rounds.

18

The periphery’s reaction (reduced cooperation) is reminiscent of the Falk and Kosfeld (2006) finding
that subjects dislike being controlled.
19
Results on the cooperativeness of players with authority in the presence of ostracism may be affected
by the fact that there are few left in the group after the first round. We document this later when we
discuss ostracism patterns.
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Result 2 (effects of authority):
(a) In the absence of ostracism, authority does not affect the cooperativeness of
center players. However, it decreases that of periphery players. Players with
authority are more cooperative than those without power.
(b) In the presence of ostracism, authority lowers the cooperativeness of center
players. The cooperativeness of periphery players is unaffected. Players with
authority are less cooperative than those without.
Result 2(a) contradicts hypothesis 2(a), which predicts no effect of cooperativeness with
authority in the absence of ostracism. Result 2(b) partly supports hypothesis 2(b), which
predicts that cooperativeness decreases for both roles. All in all, we find mixed support
for hypothesis 2. We will discuss possible reasons in the general discussion of our
results in section 3.5.
3.4.3 The effects of power from centrality
Figure 3.2 shows that, in the presence of centrality alone (nAC), there is a difference
between cooperation levels of the center and periphery players. Center players seem to
‘abuse’ their power; center players are 7.7 percentage points less cooperative than
periphery players and this is statistically significant (W, p = 0.028). Compared to a
situation in which no player has any power (nAnC), Figure 3.2 suggests that the
cooperativeness of players with power from centrality is not very different while that of
periphery players is higher. Tests, however, show that cooperativeness is not
significantly different for center (MW, p = 0.873) or for periphery (MW, p = 0.262)
players.20 Hence, though the partial effects in either player type are not significant, the
effects of introducing power through centrality are large enough to make the difference
between the types statistically significant.21


20

Compared to a situation of no power and no ostracism (nAnO), cooperation levels are higher for both
center (MW, p = 0.025) and periphery (MW, p = 0.004) players. This reiterates Result 1 and the finding
in Cinyabuguma et al. (2005) that the ability to ostracize group members successfully raises cooperation
in groups.
21
The differences in cooperativeness between periphery and center players are also significantly larger in
nAC than in nAnC (MW, p = 0.016).
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Result 3 (effects of centrality):
(a) Players who derive power from centrality are less cooperative than players
with no power.
(b) Cooperation levels of both center and periphery players are not affected by
power from centrality.
Result 3(a) supports hypothesis 3(a). Result 3(b) implies that, for the center player, this
does not allow us to reject the null in favor of the alternative in hypothesis 3(b).
3.4.4 The effects of power from authority and centrality
For environments with ostracism, we compare cooperativeness in AC with situations
where there is only one source of power. When the powerful player is only central
(nAC), Figure 3.2 suggests that central players are as cooperative as in AC while
periphery players are more cooperative than in AC. This is confirmed by statistical tests
(MW, p = 0.423 for center and p = 0.078 for periphery players). On the other hand,
when the powerful player has only authority (AnC), Figure 3.2 suggests that central
players are less cooperative than in AC while periphery players are as cooperative as in
AC. However, tests show no significant differences (MW, p = 0.150 for center and p =
1.000 for periphery players). Finally, Figure 3.2 shows no discernible difference in
cooperativeness between center and periphery players in AC. This observation seems
statistically supported (W, p = 0.753). Thus, we do not find that powerful players take
advantage of their power when power is derived from both sources.
Result 4 (effects of authority and centrality):
(a) Adding authority to centrality does not change the cooperativeness of
already powerful players. However, it decreases the cooperativeness of players
without power.
(b) Adding centrality to authority does not change the cooperativeness of either
powerful players or periphery players.
Result 4(a) contradicts hypothesis 4(a), which predicts a positive effect for the center
player. Results 4(b) supports hypothesis 4(b).
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FIGURE 3.3: EXCLUSION AND COOPERATIVENESS BY PLAYER POSITION

Notes: Cumulative exclusion rates and cooperativeness for center and periphery players. Exclusion
rates reflect the proportion of players that are on average excluded in the respective round. Means are
taken across all blocks.

Our setup also allows us to directly compare the two types of power. Compared
to when powerful players have only authority (AnC), the cooperativeness of both center
and periphery players appear somewhat higher when powerful players are only central
(nAC). However, the difference is only (weakly) significant for center players (MW, p =
0.078) and not significant for periphery players (MW, p = 0.109).
3.4.5 Voting behavior and ostracism
Figure 3.3 presents the cumulative proportion of center and periphery players excluded
over rounds in each of our four ostracism treatments. To facilitate seeing the correlation
between cooperativeness and ostracism, the figure also shows cooperativeness. Observe
first that when no one has any power (nAnC) ostracism rates rise with time for both
player roles and remain under 20% to the end. Further, there is no discrimination; there
is no discernible difference in cooperativeness or in the rate of ostracism between center
and periphery players. When powerful players are central (nAC), they are less
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cooperative than are periphery players. While the ostracism rate rises over time for both
roles, it appears that central players face positive discrimination; though their
cooperation level is lower, central players are not more likely to be ostracized than are
periphery players.
When center players have only authority (AnC), the picture shows a stark
difference. While cumulative ostracism rates do increase over time for both roles, they
differ wildly between the roles. In the first 2-3 rounds, there is hardly any difference in
cooperativeness between the roles. However, powerful players are much more likely to
be ostracized than are periphery players. At the end of round 1, slightly over 40% of
center players are excluded while less than 10% of periphery players are excluded. This
difference is only magnified over time; by the end of round 4, over 90% of center
players have been excluded while less than 20% of periphery players have been
excluded. This difference seems too large to be explained by distinct levels of
cooperativeness. It appears that center players with power from authority face severe
negative discrimination from periphery players.
When powerful players derive power from both authority and centrality (AC),
there is no significant difference in cooperativeness between roles. Nevertheless, as in
AnC, center players face negative discrimination. They are more likely to be ostracized
than are periphery players. Once again, this is evident from the very beginning and
magnified over time. By the last round about 50% of the center players have been
excluded while this holds for less than 20% of the periphery players.
We test for the patterns noted above using individual-level regressions where we
explain the number of votes for exclusion received by individuals (in rounds 1 - 4). For
each treatment, we estimate a separate Poisson regression where the dependent variable
is the number of votes for exclusion received (0–5) in a round. The independent
variables include the individual’s cooperativeness () in the round, a dummy for being
the center player, the interaction between the two, the number of members in the
individual’s subgroup in the round, a time trend for rounds and a time trend for blocks.
For each individual, we only include rounds in which he/she had not yet been excluded
and where she was not isolated. The regression estimates are presented in Table 3.2.
Since the estimated coefficients of Poisson regressions are not readily interpretable, we
plot the estimated votes received as a function of cooperativeness in Figure 3.4.
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TABLE 3.2: VOTES RECEIVED FOR EXCLUSION

Cooperativeness
Center
Center × Cooperativeness
Number of players in
subgroup
Round
Block
Constant
Observations

No Power
(nAnC)

Centrality
(nAC)

Authority
(AnC)

Authority
and
Centrality
(AC)

-3.436***
(0.161)
-0.247
(0.201)
0.0987
(0.326)
0.165

-3.522***
(0.171)
-0.498*
(0.297)
0.797**
(0.386)
0.526***

-2.989***
(0.156)
0.288**
(0.128)
1.744***
(0.208)
0.288***

-2.980***
(0.164)
0.361**
(0.179)
0.870***
(0.252)
0.543***

(0.133)
-0.166***
(0.0427)
0.0945***
(0.0322)
0.515
(0.720)
1442

(0.149)
0.114**
(0.0447)
0.0324
(0.0347)
-2.000**
(0.778)
1758

(0.0860)
0.0276
(0.0399)
0.0478 *
(0.0281)
-0.556
(0.480)
1136

(0.0751)
0.0444
(0.0403)
0.00941
(0.0311)
-2.088***
(0.416)
1385

Notes: Regression estimates from (mixed) random effects poisson regressions, where we allow for
random effects at the matching group and the subject level. Dep. variable: Number of votes for
exclusion received in the current round. Only non-excluded and non-isolated subjects are included in
the regressions. Standard errors clustered on matching groups in parentheses. *, ** and *** indicate
significance at 10%, 5% and 1% respectively.

Together, Table 3.2 and Figure 3.4 allow us to understand the determinants of exclusion
votes and their (statistical) importance, and to compare these results across treatments.
The regressions provide statistical underpinning for the patterns described
above. The first regression – for the case where no one has any power (nAnC) – shows
that those with higher cooperation levels receive fewer votes; the coefficient of
cooperativeness is negative and significant at the 1% level. Also, as expected, there is
no discrimination between roles. The number of exclusion votes received decreases
across rounds in a block and increases across blocks. Whereas the latter effect could
indicate learning, the former is likely attributable to the fact that exclusion has less
effect as the number of rounds remaining decreases. These time trends mostly disappear
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FIGURE 3.4. ESTIMATED VOTES RECEIVED FOR EXCLUSION

Notes: Estimated number of votes received as function of cooperativeness for center and periphery
players. Estimations based on the regressions reported in Table 3.2. Error bars indicate 95%
confidence intervals.


when we add power. In contrast, the strong negative effect of cooperativeness on the
number of votes received is observed in all power configurations.
The second regression shows that players with centrality power receive fewer
votes for exclusion, even after controlling for cooperativeness. Moreover, the
interaction term is positive and significant. Figure 3.4 illustrates the net effect: for low
levels of cooperativeness, players with centrality receive fewer votes for exclusion than
periphery players. This result provides empirical support for the tolerated theft
hypothesis referred to in the introduction. Note that it is not the case that center players
are at an advantage irrespective of their choices. For relatively high levels of
cooperativeness, center players receive similar number of votes as her periphery
counterparts. The positive discrimination that we observe is completely attributable to
tolerated theft.
In both treatments where players have authority (third and fourth regression),
center players receive significantly more votes than periphery players. However, the
interaction term is positive and significant. Figure 3.4 shows that players with power
from authority (but without centrality, AnC), receive more votes for exclusion than
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periphery players, at any level of cooperativeness. Even when players with authority are
fully cooperative, they can expect to receive a positive number of votes. This negative
discrimination explains the divergence in ostracism rates between center and periphery
players in the authority treatments evident in Figure 3.3. In AC, center players derive
power from both centrality and authority. In this case, again center players receive more
votes than periphery players, but the effect is smaller than in AnC. This suggests that
centrality mitigates the negative discrimination center players face and explains why the
divergence between ostracism rates for the two roles is smaller in AC than in AnC.
Result 5:
(a) In all ostracism treatments, there is a negative relation between votes
received and cooperativeness.
(b) Controlling for cooperativeness, players with power from centrality are
ostracized less frequently than periphery players.
(c) Controlling for cooperativeness, players with power from authority are
ostracized more frequently than periphery players.
Results 5(a), 5(b) and 5(c) directly support hypotheses 5(a), 5(b) and 5(c) respectively.
3.4.6 Efficiency Comparisons
Table 3.3 presents summary statistics on group level net efficiency gain (NEG) in each
treatment. 22 Note the close relationship with cooperativeness. There are two main
differences: (i) cooperativeness by a player with power from authority includes
distributional issues, which are absent in our efficiency measure and (ii) excluding
players will lower efficiency.
In the absence of any kind of power, efficiency is higher when ostracism is available as
a disciplining mechanism (nAnC vs nAnO; MW, p = 0.078). This is in spite of the fact
that efficiency may be lost if subjects are excluded. The increased cooperation observed
with ostracism thus dominates the cost of excluding players. This is different when
players have power from authority: then, ostracism does not increase NEG despite the


22

As defined in section 3.3,   measures the increase in earnings over and above the Nash equilibrium
earnings. Summary statistics on absolute earnings themselves are presented in Appendix B.
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TABLE 3.3: NET EFFICIENCY GAIN

No Ostracism (⇒ no Centrality)
No Centrality
Ostracism
Centrality

No Authority
nAnO
0.521 (0.075)
nAnC
0.636 (0.140)
nAC
0.705 (0.052)

Authority
AnO
0.358 (0.112)
AnC
0.378 (0.171)
AC
0.487 (0.195)

Notes. Cells give mean net efficiency gain with standard deviation in parentheses. The unit of analysis
is the matching group.


observed increase in cooperativeness (AnO vs AnC; MW, p = 1.000). This is because
almost all center players are excluded at some point.
Table 3.3 also shows that NEG is lower when center players are given power
from authority. When ostracism is unavailable, giving center players only authority
reduces NEG (AnO vs nAnO; MW, p = 0.025). This is because, as observed above,
periphery players cooperate significantly less in this environment. With ostracism, we
again observe that adding authority reduces NEG, both with and without centrality (AnC
vs nAnC; MW, p = 0.007 and AC vs nAC; MW, p = 0.055). Thus, authority is always
detrimental to efficiency. As seen above, this arises through two channels. First, while
authority does not affect the cooperativeness of the center players, it reduces the
cooperativeness of the periphery players. Second, when center players have power from
authority, periphery players often ostracize them, and early in the game. Both factors
reduce the surplus that groups (can) generate, thus reducing efficiency.
In contrast, centrality is not harmful for efficiency. Compared to a situation with
no power (nAnC), the addition of centrality (nAC) somewhat increases NEG, though
this increase is not statistically significant (MW, p = 0.150). Adding centrality to
authority also raises NEG, but again not significantly so (AC vs AnC; MW, p = 0.262).
Finally, replacing power from authority with power from centrality significantly
increases NEG (nAC vs AnC; MW, p = 0.007).
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Result 6:
(a) In the absence of power, ostracism raises efficiency. In the presence of power
from authority, ostracism does not affect efficiency.
(b) Power from authority lowers efficiency.
(c) Power from centrality does not affect efficiency.
Result 6 provides mixed support for hypothesis 6. Result 6(a) partly supports hypothesis
6(a); ostracism raises efficiency in the absence of power (as hypothesized) but not in the
presence of power from authority (where an increase was expected). Result 6(b)
supports hypothesis 6(b), while result 6(c) provides no support for the corresponding
hypothesis.

3.5

Discussion and conclusions

We study the impact of power asymmetry on cooperation in classic social dilemmas in a
controlled laboratory experiment. We systematically vary power along two dimensions:
centrality and authority. We replicate standard results for social dilemmas without
power

heterogeneity,

including

the

positive

effect

that

ostracism

has

on

cooperativeness. We add to this literature the general finding that both sources of power
matter, albeit in different ways.
We expected players with authority to take advantage of their position. In the
presence of (some) cooperative players, those with power are likely to be excluded,
even when they behave cooperatively. In theory, players with authority expect this.
They therefore take advantage of their position for as long as they can. We find support
for only part of this hypothesis: the analysis of the voting data reveals that players with
authority receive votes for exclusion. This occurs even when they behave cooperatively.
In fact, in the absence of ostracism, players without authority cooperate even less than
those with this power and in the presence of ostracism, they all cooperate equally in
early rounds. Hence, it is not so much that theft of surplus is not tolerated for those with
power from authority, but more that this kind of power is not tolerated at all.
As for power from centrality, in the treatments without authority, most of our
hypotheses are supported. In the presence of (some) cooperative players, excluding
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central players is more costly than excluding periphery players. Indeed, we observe that
players with power from centrality cooperate significantly less than those without
power. It seems that our subjects realize that when one player has power from
centrality, she enables higher returns for the rest of the group simply by being there.
Excluding the central player immediately reduces the group to at most two players and
thus drastically reduces the surplus that can possibly be generated. Our results on
positive discrimination in terms of exclusion rates provide direct evidence that this
‘theft’ is ‘tolerated’ by the others. This is akin to the finding that in a democracy “...
having the opportunity to throw the rascals out does not necessarily mean that such
capacity will be exerted” (de Sousa and Moriconi, 2013, p. 474). Interestingly, this
tolerated theft does no harm to the group as a whole: efficiency is not significantly
different from the case without power.
Even more remarkable, perhaps, is the case when both types of power co-exist
(AC). Here, it is more costly to ostracize the center player than when there is no power
from centrality.23 While center players are ostracized less frequently in AC than in AnC,
they are still ostracized much more frequently than periphery players. Moreover, they
are ostracized more frequently despite the fact that they are as cooperative as periphery
players. This again suggests that center players with authority might simply be reviled
in their groups and are thus discriminated against. This is the reverse of tolerated theft;
even not taking advantage of the position is punished. Periphery players seem to be so
averse to players with authority that they are willing to bear the cost of a dramatically
reduced surplus. In sum, we find that power from authority has negative effects on both
cooperation and efficiency.
Our results for the case with power from authority are of particular interest in
relation to the literature on leadership in social dilemmas, which generally finds a
positive effect of leadership on cooperation within groups (e.g., Güth et al. 2007; van
der Heijden et al. 2009; Stoddard et al. 2014). Our results point to the possibility that
the frame of leadership might be a crucial factor in determining the effectiveness of
‘leadership’ in groups. Unlike the works mentioned above, the leaders with authority in
our groups decide on their own share first. The remainder is then shared out among the

23

In AnC, exclusion of the center player leaves the periphery in groups of four, where they participate in
a VCM. In AC, it results in pairs of periphery players in a VCM.
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rest of the players. While the final division may not be different (indeed, we find that
players with authority are often quite cooperative), this move order might be perceived
as exploitative by the rest of the group. This alone could cause resentment among those
without power, thus leading to lower cooperation.24,25 While this move order seems
natural, our results suggest that legitimacy of the authority might be crucial in
determining success in groups.26 Our results on ostracism indicate that this is indeed the
case. We find overwhelmingly that our subjects do not want an exogenously appointed
leader with authority, even when she is at least as cooperative as those who vote her out.
By ostracizing the authority almost immediately in many cases, players without power
do not even allow leadership a sporting chance of success. In future research we aim to
further explore this intolerance towards authority by varying the perceived legitimacy of
this kind of power.
Similarly, our results also shed new light on the positive effects of ostracism on
cooperation in social dilemmas. Cinyabuguma et al. (2005) clearly established that the
threat of exclusion can enhance efficiency. Our results show that this may not
necessarily hold when there is power asymmetry. When there is power from authority,
efficiency is not affected by the introduction of ostracism.
Our experiments are the first to show in a controlled setting that power can
provide a license to free ride. They also show, however, that this does not hold for all
kinds of power. We observe tolerated theft when power stems from centrality, but not
when power is derived from authority. The behavioral effect that power from centrality
leads to free riding in our experiments suggests that the truism that power corrupts has
some ground. However, in the world outside of the laboratory both power from
centrality and power from authority exist. Our results show that validity of the truism
may depend on the type of power concerned. In this study, we looked at one mechanism
that might limit the negative effects of power. However, various mechanisms may have
evolved, ranging from elections that allow for the dismissal of politicians to anti
24

This is also observed in the King treatment in Cox et al. (2013).
In addition, our ‘leader’ cannot discriminate among the periphery players in the group. Whether this
may affect perceived cooperativeness is an issue we leave for future research.
26
For a discussion on the legitimacy of a centralized sanctioning authority in groups, see Baldassari and
Grossman (2011); and Markussen et al. (2014). They find that a democratically instituted mechanism is
more successful in raising contributions than one that is exogenously imposed.
25
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corruption laws. Another interesting avenue for future research would be to explore
further such mechanisms in the laboratory.
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Appendix 3.A: Summary of the experimental instructions
Below are the summaries of the instructions as it was handed out to the participants in
the

experiment.

Full

instructions

for

all

treatments

are

available

on

www.borisvanleeuwen.nl/ACinstructionsfull.pdf. Each paragraph that was included
only in some treatments starts with <treatment acronym>.

Summary of instructions
Welcome to this experiment on decision-making. You will be paid € 7 for your
participation plus whatever you earn in the experiment.
During the experiment you are not allowed to communicate. If you have any questions
at any time, please raise your hand. An experimenter will assist you privately. You will
record your decisions privately and anonymously at your computer terminal. Other
participants will never be able to link you with your personal decisions or earnings from
the experiment.
During the experiment, all earnings are denoted in points. At the end of the
experiment, your earnings will be converted to euros at the rate: 60 points = € 1.
The experiment consists of 5 blocks. Each block consists of 5 rounds. At the end of
the experiment, one block will be randomly selected and everyone will be paid for
their decisions in that block.
The composition of the groups will remain the same for the 5 rounds in a block. At the
end of a block, participants will randomly be divided into new groups of five.
At the beginning of the experiment, each participant will randomly be assigned a
position - North (N), East (E), South (S), West (W) or Center (C). These positions will
remain fixed throughout the experiment. For example, if you are assigned the North
position, you will be in the north position in each round in each block of the experiment.
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At the beginning of each round, each participant receives an endowment of 50 points.
You decide on how much of this endowment to invest in each of two accounts. These
are called a "private account" and a "group account". You may invest everything in the
private account, everything in the group account, or any combination of the two, as long
as you invest 50 points in total.
Your earnings include earnings both from your private account and the group account:
• Earnings from your private account: You will earn 1 point for each point
invested in your private account.
• <nAnO, nAnC, nAC> Earnings from the group account: Your earnings from
the group account are based on the total number of points invested in the group
account by all members in your group. Each group member will earn 0.6
points for each point in the group account regardless of who made the
investment.
• <AnO, AnC, AC> Earnings from the group account: First, the total number
of points invested in the group account by all group members is determined.
Then, this is multiplied by 3. Finally, the group member in the center (C)
determines how to divide the total amount. S/he determines how much to keep
for her- or himself. The remainder is equally divided among the other group
members.
<nAnC, nAC, AnC, AC> Exclusion of a member means that this player can no longer
invest in the group account and will not receive any earnings from the group
account in the remaining rounds. The excluded participant will receive an endowment
of 50 points in each of the remaining rounds in the block. All 50 points will
automatically be invested in the private account.
<AnC> If someone is excluded, your earnings from the group account will depend on
the total points invested in the group account by participants in your sub-group alone.
The amount in the group account will now be multiplied by a factor of 0.6 x (number of
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sub-group members). If the Center is not excluded, she decides on how much to keep
for her/himself and how much to divide equally among the other sub-group members. If
the Center is excluded, the amount in the group account is equally divided between the
remaining sub-group members.
<AC> If someone is excluded, your earnings from the group account will depend on
the total points invested in the group account by participants in your sub-group alone.
The amount in the group account will now be multiplied by a factor of 0.6 x (number of
sub-group members). If the Center is not excluded, she decides on how much to keep
for her/himself and how much to divide equally among the other sub-group members. If
the Center is excluded, the amount in the group account is equally divided between the
remaining sub-group members. You will not earn anything from the group account
investments of participants in other sub-groups.
<nAnC, nAC, AnC, AC> To decide on who will be excluded, the group members will
select candidates for exclusion.
<nAnC, nAC, AnC, AC> You can indicate for each member of your (sub-)group
whether or not you think that s/he should be excluded from the group in future
rounds in the current block. You can vote for as many or as few participants as you
want.
<nAnC, nAC, AnC, AC> If some member(s) of the group have previously been
excluded, you can only vote on excluding members of the sub-group you are in.
Participants who previously have been excluded cannot vote for the exclusion of others.
<nAnC, nAC, AnC, AC> If half or more members of the (sub-)group vote to
exclude a participant, that participant will be excluded in future rounds in the
current block.
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Appendix 3.B: Additional figures and tables
FIGURE 3.B.1: MEAN CONTRIBUTIONS BY POSITION

Notes. The three panels on the left denote the treatments without authority and the three panels on the
right show the cases with authority. For each round, contributions are averaged across five blocks.
The graphs are based on decisions by individuals who are not excluded from their group and who are
not isolated.

FIGURE 3.B.2: MEAN RETURN RATES

Notes. The three panels denote the treatments with authority. For each round, return rates are averaged
across five blocks. The graphs are based on decisions by individuals who are not excluded from their
group and who are not isolated.
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TABLE 3.B.1: MEAN COOPERATION

No Ostracism (⇒ no Centrality)

No Centrality
Ostracism

All players
Center
Periphery
All players
Center
Periphery
All players
Center
Periphery

Centrality

No Authority
nAnO
0.521 (0.075)
0.533 (0.112)
0.518 (0.076)
nAnC
0.699 (0.115)
0.692 (0.136)
0.701 (0.110)
nAC
0.756 (0.057)
0.694 (0.091)
0.771 (0.054)

Authority
AnO
0.392 (0.105)
0.464 (0.124)
0.375 (0.103)
AnC
0.651 (0.099)
0.497 (0.169)
0.689 (0.101)
AC
0.670 (0.105)
0.645 (0.161)
0.677 (0.098)

Notes. Cells give mean cooperation () with standard deviations in parentheses. Entries based on all
rounds and blocks, and players that were not excluded or isolated. The unit of analysis is the matching
group. 

TABLE 3.B.2: MEAN EARNINGS

No Ostracism (⇒ no Centrality)

No Centrality
Ostracism
Centrality

All players
Center
Periphery
All players
Center
Periphery
All players
Center
Periphery

No Authority
nAnO
102.1 (7.5)
101.5 (8.2)
102.3 (7.6)
nAnC
113.6 (14.0)
114.0 (14.4)
113.5 (14.1)
nAC
120.5 (5.2)
124.0 (5.6)
119.6 (5.4)

Authority
AnO
98.7 (8.9)
182.6 (17.3)
77.7 (12.5)
AnC
100.3 (13.7)
137.9 (29.7)
90.8 (10.3)
AC
109.0 (15.6)
163.4 (26.4)
95.4 (17.5)

Notes. Cells give mean earnings per round in points, with standard deviations in parentheses. Entries
based on all rounds and blocks, and all players, regardless of being excluded or isolated. The unit of
analysis is the matching group. 
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Chapter 4
Predictably Angry1

4.1

Introduction

Anger is costly. Angry people are willing to pay a price to reduce the payoff of those
whom they are angry with. But what benefits does anger bring? Frank (1987, 1988)
suggests that anger in particular, and emotions in general, serve as a commitment
device. He rationalizes emotions by the effect that they have on the behavior of others.
People might think twice before taking advantage of a person whom they believe could
get angry. Getting angry, and being thought of as someone who becomes angry, can
thus be beneficial, and lead to greater evolutionary fitness.2 We refer to individuals who


1

This chapter is based on van Leeuwen et al. (2014a).
Güth and Yaari (1992) and Güth (1995) introduced the “indirect evolutionary approach” to formally
demonstrate that the evolution of preferences can result in a stable equilibrium in which there are agents
with preferences over actions that differ from their fitness. In the earlier studies, the set of possible
preferences was limited. Dekel, Ely, and Yilankaya (2007) extend the early results.

2
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are predicted to engage in destructive behavior out of anger as individuals with an
‘angry button’.
The ‘angry button hypothesis’ states that anger serves as a commitment device to
destroy resources. It rests on two crucial assumptions. The first assumption is that angry
buttons are observable. Others should be able to recognize, by using facial cues for
instance, whether someone will get angry when feeling badly treated. The second
assumption is that anger leads to destructive behavior. Individuals with an angry button
should be willing to pay a price to lower a competitor’s payoff. Clearly, these are strong
assumptions. It is far from obvious that people have the ability to identify who has an
angry button. One difficulty is that anger is generated spontaneously in response to the
action of another party, rather than in advance. Individuals must thus be able to
correctly judge who will get angry before the actual anger is expressed. Moreover, it is
not evident that angry buttons exist at all. If angry buttons do exist, evolutionary
pressure to mimic the signals of an angry person, but not the actual anger, must exist as
well. This pressure erodes the credibility of angry buttons (Samuelson 2001). In the
current chapter we rigorously test both components – observability and credibility – of
the angry button hypothesis.
We report results from a laboratory experiment in which participants play an
ultimatum game (UG) (Güth et al. 1982). In our version of the game, each pair of
participants was given an endowment of €9. Participants in the role of proposer could
offer either a (7,2) or a (4,5) split with the responder. Responders had the choice
between accepting the proposal, and thereby dividing the money as proposed, or
rejecting, and thereby destroying the entire endowment. As expected, all responders
accepted the (4,5) offer, but a substantial number of responders (30 percent) rejected the
(7,2) offer. This game provides an ideal environment to test our hypothesis. A
prominent feature of the game is the commitment problem for the responder. In terms of
purely monetary payoffs, responders have no reason to reject the (7,2) offer once it is on
the table. Anger may help them overcome the commitment problem; an angry responder
may decide to forego the two euros to make the proposer lose seven euros.
Several studies have found an important role for emotions in the decision to
reject low offers in the UG (e.g., Grimm and Mengel 2011; Oechssler et al. 2008; Sutter
et al. 2003; Xiao and Houser 2005). For instance, Yamagishi et al. (2009) find that
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receivers reject low offers even if that only reduces their own payoff, and not that of the
proposer, and they attribute this to feelings of anger. Also, rejection of unfair offers has
been associated with heightened activity in brain areas related to emotional decisionmaking (Gospic et al. 2011; Sanfey et al. 2003) and with greater skin conductance (van
’t Wout et al. 2006). To our knowledge, the ability to anticipate anger and rejection in
others – a crucial part of evolutionary explanations of anger – has not yet been tested.
Our strategy to test whether people are able to recognize who gets angry is the
following. Before we explained the game to participants, we took photos and videos of
participants in the role of responders. We also videotaped some of the responders during
the game to verify whether responders who receive a low offer get angry. We then
formed random pairs of responders who received the (7,2) offer, always with one
accepter and one rejecter, and showed these to an independent set of observers. The
observers were asked to identify the rejecter within the pair.
Our main finding is that observers do significantly better than chance in
identifying the rejecter when they see photos of responders. The overall accuracy is
almost 55 percent, where random guessing would yield an accuracy of 50 percent. This
result is not driven by a few responders who are easy to judge: 71 percent of the
responders were judged correctly more than half of the time. When observers see short
videos of the responders, the accuracy rate is 51.7 percent, which is not significantly
above chance. We also find that some responders have a ‘larger’ angry button, that is,
they get angrier than others after receiving a low offer. Observers do particularly well in
identifying rejecters when the rejecter has a large angry button. For rejecters with angry
buttons in the highest quartile, the achieved accuracy is roughly 60 percent, both when
they see photos and when they see videos. Thus, overall, our results support the claim
that angry buttons can be detected.
If observers never directly see which responders got angry after receiving a low
offer, on what basis can they identify which responder rejected a low offer? As they
must rely entirely on facial cues, we measured a range of facial features that have been
related to aggression or (anti-)social behavior. These include facial width-to-height-ratio
(fWHR), facial asymmetry (fA), masculinity, and attractiveness. We investigated
whether they correlate with rejection of low offers and/or observers’ judgments of
rejection. We find that fA is strongly (positively) correlated with getting angry after
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receiving a low offer, as well as with the decision to reject a low offer. In 69% of the
cases, observers would have identified the rejecter correctly if they had always selected
the more asymmetric person of the pair as the rejecter. Observers correctly perceive fA
as a cue for an angry button, though they underestimate the magnitude of the true
correlation.
This chapter is related to a literature that studies whether people can identify a
cooperative attitude in others. Several studies suggest that people do better than chance
in detecting who cooperates in a prisoner’s dilemma or public good game (Belot et al.
2012; Brosig 2002; Dawes et al. 1977; Frank et al.1993; Kovács-Bálint et al. 2013;
Tognetti et al. 2013; Verplaetse et al. 2007; Vogt et al. 2013; Yamagishi 2003), who
reciprocates trust in a trust game (Bonnefon et al. 2013; Centorrino et al. 2011; De Neys
et al. 2013; Efferson and Vogt 2013; Stirrat and Perrett 2010), who tries to exploit
private information in a bargaining game (Ockenfels and Selten 2000), who gives
positive amounts in a dictator game (Fetchenhauer et al. 2010), and who offers high
amounts in an UG (Jaschke et al. 2013). The reported accuracy rates are typically
modest but significant.3
Our study differs from the above-mentioned papers in several respects. First, we
focus on the role of anger as a commitment device. More than any of the other games
listed above, the UG is well-suited to address this issue. It captures the essence of
interpersonal commitment problems, and, because of its sequential nature, there is no
uncertainty for the responder about the other player’s strategy. The experienced
emotions are also likely to be different in the other games, which mostly focus on
cooperative behavior. Identifying angry buttons is unlikely to be the same as identifying
cooperative people. Furthermore, we directly measure anger and other emotions
expressed by responders who receive a low offer, and relate these to their behavior.
Finally, we measure and identify facial correlates of anger that are ex ante visible to
observers, that is, before the actual action of decision-making takes place. To do so, we
make use of facereading software that, in contrast to other protocols for measuring



3

In trust games, Eckel and Petrie (2011) find that people are willing to pay to see a photo of the other
player. Moreover, first movers are willing to pay more than second movers, which suggests that people
believe that they can predict the behavior of others.
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emotions, such as the elicitation of self-reports, yields more objective physiological
measures of emotional states in real time.
Two other papers use photos of responders in an UG. Reed et al. (2014) study
whether proposers in an UG adjust their offers depending on the responder’s demand
and associated emotional expression. They find that high demands that are accompanied
by an angry expression lead to increased offers by proposers. However, the responders
in this study were actors, and never actually made a real decision. Thus, while the study
shows that looking angry can be effective in getting higher offers, it does not establish
that anger is a credible signal of rejection, nor whether people can distinguish credible
from non-credible signals. Jaschke et al. (2013) study whether showing photos of
responders whose minimal acceptable offer (MAO) is elicited has an effect on the
amount that proposers offer. They find that trustworthy-looking responders receive
higher offers, although perceived trustworthiness is not correlated with the MAO’s.
They also find that dominant-looking responders have lower MAO’s, but this is not
‘recognized’ by the proposers; perceived dominance does not have a significant effect
on the offered amounts. Neither perceived trustworthiness nor perceived dominance
thus seem to be credible and observable at the same time.
The remainder of the chapter is organized in the following way. Section 4.2
presents the experimental design and procedures. Section 4.3 presents the results and
section 4.4 provides a concluding discussion.

4.2

Experimental design and procedures

The experiment consisted of two phases, conducted at different universities and on
different dates. In the first phase, conducted at CentERlab in Tilburg, responders were
photographed and videotaped before being paired with proposers to play an UG. In the
second phase, conducted at CREED in Amsterdam, we showed photos and videos of
responders who received a low offer in the UG played in the first phase to an
independent set of observers, and asked them to identify which of two responders
rejected the offer. Conducting the two phases at different universities in different cities
made it very unlikely that any observer knew any of the responders whom they were
evaluating.
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4.2.1 Tilburg phase: photos, videos, and UG
Photos and videos
Before the instructions for the UG were handed out, responders were photographed and
videotaped. We took two photos and two videos of each responder.4 We first took a
photo where they showed their computer number. The purpose was to allow matching
of the photo and videos with their decisions in the game they played subsequently. We
then took a close-up photo of each responder’s face. They were asked to maintain a
neutral expression and to look straight into the camera for this photo. We took care that
each responder was photographed in exactly the same way. After the photo had been
taken, we videotaped the responder while (s)he read instructions aloud on how to
replace a printer cartridge. The aim of this task was to acquire a video of the responders
in a neutral state. Finally, we videotaped responders while they were asked to express
the following sequence of seven emotions, each for a period of 10 seconds: neutrality,
anger, fear, joy, disgust, sadness, and surprise. 5 The names of the emotions were
displayed on a screen. The purpose of this task was to have a video of the responders
with an angry facial expression. To avoid revealing the purpose of the experiment,
emotions other than anger were videotaped as well.
Hot and cold ultimatum game
Each participant was then assigned the role of responder or proposer in an UG. This
(decision-making) part of the experiment had two parts, and subjects were informed that
one of the parts would be randomly drawn for payment.
In the first part, each proposer was matched with a responder and they played
the following ‘hot’ UG. Proposers were asked to choose one of the two following
allocations of €9: (A) €7 for oneself and €2 for the responder, or (B) €4 for oneself and


4

An English translation (from Dutch) of the script we used for taking photos and videos is available in
Appendix 4.A.1.2.
5
The six emotions (plus neutrality) are considered as universal in the sense that people in very different
cultures show the same expressions when experiencing these emotions (Ekman 2007), though this has
been disputed (see Jack et al. 2012). The expressions accompanying the six emotions are common to all
primates (Ekman 1992). They are also the same for blind and sighted individuals (Matsumoto and
Willingham 2009), indicating that they are innate. Whether the emotions are universal or not is not a
critical issue here, since all of our responders are sighted humans from the same culture.
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€5 for the responder.6 The proposal was communicated to the matched responder. If the
responder accepted the proposal, the money was divided as proposed. If the responder
rejected the proposal, neither player earned any money. At the end of the first part, each
proposer was informed about whether her offer was accepted or rejected.
In order to track how angry responders get when they receive the low offer in
the hot UG, we videotaped some of them during their decision-making using webcams.
We videotaped 57 out of the 131 responders. Taping a subset of responders enabled us
to test whether the videotaping per se influences the rejection decision.7
In the second part, subjects kept their roles but were rematched with another
subject. They played a ‘cold’ UG, using the strategy method. Proposers were asked to
propose a division of €9 between themselves and a responder in any multiple of €0.5.
We elicited the minimum acceptable offers (MAO’s) from responders by asking them to
indicate, for each possible offer, whether they would accept it. If the actual proposed
offer was smaller than the MAO elicited from the matched responder, none of the
players earned money. Otherwise, the money was divided as proposed.
Procedures
The first phase of the experiment had 262 participants. At the time participants were
recruited, they were not aware of the game they would play or that photos and videos
were to be taken. In order to reduce the variability in facial appearances, we recruited
responders from the pool of Dutch-speaking university students. Proposers were
recruited from the general subject pool at Tilburg, which has a majority of foreign
students. The experiment was programmed in z-Tree (Fischbacher 2007).
CentERlab has three different rooms with separate entrances and connected by
two doors. Responders and proposers were allocated to the two outer rooms, and the
middle room was used to photograph and videotape the responders. Responders were
scheduled to arrive half an hour before the proposers in order to minimize the waiting


6

In order to find a pair of payoff vectors that would result in relatively many low offers and rejections, so
that our sample of rejecters in the main study would be sufficiently large, we ran a pilot study in
Amsterdam. In this pilot, we varied the two options available to proposers in the UG systematically.
7
Videotaping responders did not significantly affect the decision to reject a low offer. 35 percent of those
videotaped rejected the low offer, against 22 percent for those that were not videotaped (χ2(1) = 1.296, p
= 0.255, N = 69). It also did not affect MAO’s in the cold UG (mean MAOs are 2.4 for those videotaped
and 2.2 for those not videotaped, p = 0.545, two sided t-test, N = 131).
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time of the proposers. The physical separation of responders from proposers prevented
them from seeing each other during the photographing and videotaping phase.
Upon arrival at the lab, responders were seated randomly. They were given a
consent form stating that photos and videos of them would be taken, that these photos
would be used exclusively for research purposes, and that they would not be shown to
anyone who could be reasonably expected to know them.8 Participants were told that
they could leave the experiment if they objected to any of the procedures, but no
participant did so. Participants remained seated in their cubicles, and were called one by
one to the middle room where an experimenter was waiting to take photos and videos.
Responders received €4 for participating in this initial part of the experiment.
While photos and videos of responders were being taken, proposers arrived at
the other room of the lab and were randomly seated. The door between the rooms where
the proposers sat and where the photographs were taken was closed so that the
proposers were unaware of the photography and filming that was occurring. After the
last video was recorded, instructions for the hot UG were handed out to all participants,
and the doors connecting the three rooms in the lab were opened. This ensured that all
subjects knew that they played the game with a human opponent, sitting in the other
room. Instructions for the cold UG were handed out only after they had finished with
the first part.
There were 14 sessions in total. Most had 20 participants, but due to variable
show-up rates there were two sessions with 18 participants, one session with 16, and
one session with 10 participants. The experimental sessions ended with a questionnaire
to collect some background information about participants. Sessions lasted about 60
minutes for responders and 30 minutes for proposers and participants earned between
€3 and €12.
4.2.2 Results from the Tilburg phase: behavior in the UG
We briefly discuss the behavioral results of the first phase of the experiment, since this
will help describing the second phase of the experiment. In the hot UG, 62 out of the

8

The consent form is presented in section 4.A.1.1 in the Appendix. After the experiment, we also asked
subjects for their consent to the use of their photo and/or video for additional purposes (such as inclusion
in research papers or presentations before an academic audience).
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131 proposers made a high offer (4,5) and 69 proposers made a low offer (7,2). The
high offer was accepted by all responders, and the low offer was accepted by 49 of the
responders, and rejected by the other 20.
4.2.3 The Amsterdam phase: observers
Description of task
Observers were shown pairs of photos or videos of responders who later received the
(7,2) proposal in the hot UG played in Tilburg. Each of the pairs consisted of one
responder who rejected and another who accepted the proposal. Observers were asked
to identify which of the two rejected.9 Since there were 20 responders in our sample
who rejected the (7,2) proposal, observers were shown 20 pairs of accepters and
rejecters.
We implemented five different treatments that differed in what observers could
see. In one condition (photo 1s), observers saw photos of the responders with a neutral
expression for one second only. In the second condition (photo 5s), the responders’
photos were displayed for five seconds. In the three other conditions, observers could
watch short silent videoclips of the responders. These recordings either contained
responders (a) reading a neutral text on how to replace a cartridge in a printer
(cartridge), (b) expressing a neutral state followed by expressing anger (short emotions),
or (c) expressing all seven videotaped emotions (long emotions).10 The purpose of the
video clips was to provide observers with more information about the responder than
the (static) photos. On the one hand, reading a text out loud (as in the cartridge video)
creates natural movement. On the other hand, letting subjects mimic emotions (as in the
other videos) may provide cues on the extent to which they naturally express these
emotions. The variety of tasks allowed us to consider whether more information helps
observers to identify rejecters.


9

An advantage of using pairs is that observers know the base rate of rejection (50 percent), so that we
have no confound of subjects having different priors on the base rate and differences in how they update
their beliefs. This procedure is similar as the one that Todorov et al. (2005) use to predict the outcomes of
U.S. congressional outcomes on the basis of observers’ judgments of the competence of paired political
candidates.
10
The cartridge videos, short emotion videos and long emotion videos lasted approximately 14, 15, and
70 seconds, respectively.
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In all observer sessions except the ones including the long video task, after they
performed the hot UG task, observers were asked to identify responders who had
relatively high minimum acceptable offers in the cold UG. Doing so allowed us to study
the conjecture that the emotional underpinnings of the decision to reject are not as
strong with the strategy method as with the direct method. Elicited MAOs are noisy
proxies for how people decide when they are actually confronted with a low offer, and
thus potentially harder to predict for observers than hot decisions. Previous evidence
suggests that low offers are less frequently rejected with the strategy method than with
the direct method (Brandts and Charness 2011; Oosterbeek et al. 2004).
To create the sample used for this task, we took the 62 responders who received
the high offer in the hot UG (which they all accepted) and split the sample at a cutoff
MAO. This gave 34 responders who would have accepted a (7,2) split and 28
responders who would have rejected it. Every observer saw 28 pairs. In each trial
observers were asked to guess which of the two responders shown would have rejected
a (7,2) split.
In all observer sessions except in those using the 1s photo task, observers were
asked to state the confidence they had in the correctness of their prediction by moving a
slider between ‘completely unsure’ and ‘completely sure’.
Procedures
In total, 304 observers participated in this phase. This part of the experiment was
programmed in php. The instructions can be found in section A.1.4. of the Appendix.
These were given on-screen, as well as printed on paper handouts.
As soon as the photos (videos) appeared on the screen, observers could make a
decision by clicking on one of the photos (videos). After a number of seconds
(depending on the task) a blue silhouette of an unknown person replaced the photos
(videos). Observers could then still make their decision. Only after they made the
decision could they proceed to the next trial.11 At the start of each trial, a three-second
countdown animation was shown so that participants knew when the photos or videos
would appear.


11

In the video tasks, observers could make a decision as soon as the videos appeared, but they could only
confirm this choice after the videos had ended. Also, not all cartridge videos have the exact same
duration. Both videos disappeared as soon as the shortest one within a pair had ended.
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For each of the tasks, rejecters were paired randomly with accepters in such way
that a given observer never saw the same responder twice. For each experimental
session, 10 different random sequences were generated from the rejecters and accepters
in the sample. The positions of rejecters and accepters on the screen (left and right)
were also randomly determined for each sequence. The order in which observers judged
the samples (hot UG and cold UG) was balanced across sessions and tasks.
Observers did not receive any feedback about their performance or earnings at
any time during the experiment. At the end of the experiment, they were informed about
their final earnings. Subjects knew that four trials in total were going to be randomly
selected for payment, and that for each rejecter in the selected trials that they identified
correctly, they would receive €5.
After the judgment task, observers completed the following other tasks. First,
they performed the ‘reading-the-mind-in-the-eyes test’, also known as the ‘eyes test’,
which is designed as a test of theory of mind (Baron-Cohen et al. 2001). After this, all
observers participated in the same UG as the responders in the first phase, though using
the strategy method and making choices for both roles.12 They finished with a postexperimental questionnaire that gathered some demographic data after which they
received their payments. Sessions lasted about 60 minutes and participants earned
between €5 and €32 with an average of €18.
4.2.4 Facial emotional and physiological measures
We measured the emotional content of facial expressions using the Noldus Facereader 5
software package. The software has been trained to classify expressions in photos and
videos on the basis of their conformity to happiness, sadness, anger, surprise, fear,
disgust and neutrality. The classification is done by training an artificial neural network
with over 10,000 annotated images. It uses as input distances between 538 points on the
face as well as the texture (registering muscle tightness) at each of the points. Overall,
the software has an accuracy level of 90 percent when it rates the intended expressions
of trained test persons (Bijlstra and Dotsch 2011). It classifies human expressions as

12

Observers received a fixed payment of €5 for performing the eyes test. For the UG, they were randomly
matched with another participant in the session and either their choice as proposer or responder was paid
out. Instructions for this part can be found in Appendix 4.A.1.6.
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well as trained human observers do (Kuderna-Iulian et al. 2009; Terzis, Moridis and
Economides 2010), correlating highly with self-reported emotions (Den Uyl and Van
Kuilenburg 2005) and those described by observers. D’Arcey (2013) validates the
software by comparing it to facial electromyography which measures the activity of
specific muscles.
We also measure other facial features that have been shown to be correlated with
aggression, (anti-)social behavior, or behavior in games. Doing so enables us to explore
the correlates of rejection behavior of responders, as well as whether observers’ choices
reflect these relationships.
The facial measures we use are (1) facial width-to-height ratio (fWHR), (2)
facial masculinity (fM), (3) and facial asymmetry (fA). In human males, fWHR has
been associated with aggression among ice hockey players (Carré, McCormick and
Mondloch 2009; Carré and McCormick 2008), low trustworthiness (Stirrat and Perrett,
2010), and deceptive behavior (Haselhuhn and Wong 2012). In capuchin monkeys,
fWHR is correlated with assertiveness (Wilson et al. 2014). Lefevre et al. (2013)
suggest a potential mechanism driving this effect: that men with high fWHR have high
(baseline and reactive) testosterone levels. Burnham (2007) shows that hightestosterone men reject unfair offers in UG’s more frequently than low-testosterone
men. Furthermore, high fM has also been associated with high (baseline) testosterone
levels (Penton-Voak and Chen 2004), as well as with more risk taking in incentivized
lotteries (Apicella et al. 2008). Finally, fA is a proxy for fluctuating asymmetry, which
is generally accepted as a marker of developmental instability. High fA is associated
with poorer health, problems at birth, psychological maladaptation, lower reproductive
success, and lower attractiveness (van Dongen and Gangestad 2011). It has been found
to be correlated with reacting aggressively under provocation (Lalumière et al. 2001;
Benderlioglu et al. 2004). However, asymmetric people also give more in UG’s (Zaatari
and Trivers 2007), cooperate more frequently in prisoner’s dilemmas (Sanchez-Pages
and Turiegano 2010), and perceive themselves as less aggressive and more pro-social
than symmetric people (Furlow et al. 1998; Holtzman et al. 2011).
The three facial measures are constructed by marking 19 different points on each
responder’s face. We use software that computes the distances between these points. A
research assistant, who was unfamiliar with the purpose of the study, measured all of
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the faces. In Appendix 4.A.4, we describe how we constructed these measures in more
detail. All three measures are standardized to have a mean of zero and a standard
deviation equal to one. fM is standardized within gender.
We also gather other, more subjective, physiological measures. These measures
are perceived attractiveness, perceived intelligence, perceived weight, and perceived
masculinity. We included attractiveness and intelligence because some of the observers
spontaneously mentioned these in the post-experimental questionnaires as cues that they
use.13,14 We included perceived weight to use as a control for fWHR, since fWHR is
positively correlated with weight. We included perceived masculinity in order to obtain
a more subjective measure of facial masculinity, since it may be the subjective
perception that influences observers’ beliefs about whether an individual is likely to
reject an offer.
For these measures, an independent cohort of 32 subjects rated all 131
responders of phase 1 in the CREED laboratory at the University of Amsterdam on one
of the four measures. These subjects were highly unlikely to know any of the
individuals whose photos they were rating. Four men and four women rated each
responder on a 7-point Likert-scale on one of the four dimensions.15 The pictures were
presented to them in random order, but they evaluated either all of the men, or all of the
women, first. Sessions lasted around 30 minutes and subjects received a fixed payment
of €10. For all four measures, we took the mean rating and standardized it to a mean of
0 and a standard deviation of 1.16 Perceived masculinity is standardized within gender.
Table 4.1 summarizes the main (nonstandardized) background characteristics of
the proposers, responders, and observers.


13

Arguments for both directions are made in the questionnaire. Other cues frequently reported by
observers are anger, other emotions, and gender (typically guessing that men are more likely to reject).
However, many observers just say they follow their gut feeling or state that the task is impossible.
14
Solnick and Schweitzer (1999) find that attractive people reject at the same rate as others in ultimatum
games.
15
They were asked the following: “Based on the picture of the person, how would you rate his or her
attractiveness on a scale from 1 to 7?” For the other tasks, ‘attractiveness’ was replaced by ‘weight’,
‘intelligence’, ‘masculinity’ or ‘femininity’, depending on the task and gender of the person on the
picture. Full instructions can be found in Appendix 4.A.1.7.
16
The inter-rater consistency (Cronbachs’ alpha) is    for attractiveness,    for
intelligence,    for masculinity and    for weight. A value of  above 0.7 is usually taken
as an acceptable degree of consistency.
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TABLE 4.1: DESCRIPTIVE STATISTICS
N

Mean

St. dev.

Min.

Max.

Proposers (Tilburg)
Makes low offer (7,2) in hot UG
Offer in cold UG

131
131

0.53
3.65

0.93

0

6

Female
Age

131
131

0.55
23.4

2.68

18

36

Responders (Tilburg)
Accept low offer (7,2) in hot UG
Accept high offer (4,5) in hot UG
Minimum accepted offer (MAO) cold UG

69
62
131

0.71
1.00
2.27

1.47

0

6

Female
Age
Facial asymmetry (fA)
Facial width-to-height-ratio (fWHR)
Facial masculinity (fM)
Attractiveness (mean of peer ratings)
Intelligence (mean of peer ratings)
Weight (mean of peer ratings)
Masculinity (mean of peer ratings)

131
131
131
131
131
131
131
131
131

0.47
21.3
0.00
2.07
0.00
3.44
4.01
4.06
3.78

2.25
3.07
0.16
2.41
0.64
0.73
0.79
0.72

18
-4.95
1.77
-7.03
1.50
1.75
2.50
2.00

32
10.01
2.70
4.85
5.00
5.50
6.63
5.38

Observers (Amsterdam)
Female
Age

304
304

0.50
22.6

3.10

17

41

128



4.3



Results

In sections 4.3.1 to 4.3.3 we present our findings for responders in the hot UG. In
Section 4.3.4 we discuss the results for responders in the cold UG.
4.3.1 Accuracy of observers’ judgments in the hot UG
Our main measure of accuracy is the percentage of times that the observers correctly
identified the rejecter within a pair of responders. If observers are unable to recognize
rejecters, this measure equals 50 percent (the percentage that can be expected from
random guessing). Each responder is observed multiple times by different observers.
We take the mean for each responder as the independent unit of observation.17
The achieved accuracy rates for the different tasks are reported in column (1) of
Table 4.2. The accuracy is nearly 55 percent for both photo tasks. In both cases, we
reject the hypothesis that observers are guessing randomly (p = 0.002 for both tasks,
two-sided t-test, N = 69). This result is not driven by a few responders that are easy to
identify, nor by a few observers that are particularly good at identifying rejecters. To
illustrate this, we report in column (2) of Table 4.2 the percentage of responders that are
judged correctly by more than 50 percent of the observers. 18 70.8 percent of the
responders are judged correctly by a majority of observers in the 5-second photo task.
For the 1-second photo task the corresponding number is 61.8 percent. This can also be
seen in Panel A of Figure 4.1, that shows the percentage of correct judgments for each
responder in terms of deviations from 50 percent chance levels (both photo tasks
pooled). Column (3) of Table 4.2 reports the percentage of observers that judge the
majority of responders correctly. 69.7 percent of the observers correctly judge the
majority of responders in the 5-second photo task, and 61.4 percent do so in the 1second photo task. Panel B of Figure 4.1 shows the percentage of correct judgments by
each observer. Across all photo and video tasks, the achieved accuracy rate is 53.1
percent, which is significantly better than chance.


17

Taking each observer as the unit of observation gives similar results.
To be precise, the reported percentages are the percentage of all responders that are judged correctly by
a majority of observers (excluding responders that were judged correctly exactly 50 percent of the time).
18
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TABLE 4.2: ACCURACY OF JUDGMENTS FOR THE HOT UG (IN %)
(1)
Accuracy in %
(p-values)

(2)
Responders (%)
correctly judged
over 50% of
instances

(3)
Observers (%)
with over 50%
correct
judgments

(4)
N
observers

Photo tasks
5s
1s
Pooled

54.8
54.9
54.8

(0.002)
(0.002)
(0.000)

70.8
61.8
70.6

69.7
61.4
66.4

74
54
128

Video tasks
Cartridge
Short emotions
Long emotions
Pooled

50.8
52.4
51.6
51.7

(0.638)
(0.160)
(0.356)
(0.160)

55.2
56.3
60.6
57.4

52.1
57.8
65.7
57.8

60
52
44
156

All tasks

53.1

(0.002)

63.8

61.8

284

Notes: Accuracy rates in (1) and p-values from two sided t-tests (in parentheses) are based on the
mean accuracy of each responder as the unit of observation (N = 69). Percentages in (2) and (3) are
computed by dividing the number of responders or observers with more than 50 percent correct
judgments by the total number of responders or observers with strictly more or less correct judgments
than 50 percent.

For the video tasks we cannot reject that the observers’ predictions are at chance
levels. The accuracy rates are between 50.8 and 52.4 percent. Panels C and D of Figure
4.1 show that for these tasks only 57.4 percent of responders is judged correctly by a
majority of the observers, and only 57.8 percent of observers judges the majority of
responders correctly.
That the accuracy rates are lower for the video tasks suggests that observers
focus on other signals in those tasks and use some irrelevant cues. We will discuss this
at more length in Section 3.3, where we analyze the signals that observers use. For now
we mention that some other studies also found that having more information available
can be detrimental to accuracy. In particular, Bonnefon et al. (2013) find that pictures
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FIGURE 4.1: PERCENTAGE OF RESPONDERS JUDGED CORRECTLY AND PERCENTAGE OF
OBSERVERS MAKING CORRECT JUDGMENTS IN AT LEAST HALF OF INSTANCES

Notes: Deviations from 50 percent correct judgments for each of the responders (panels A and C) and
observers (panels B and D). Panels A and B are based on the photo tasks, panels C and D are based on
the video tasks. Each bar represents one responder (panels A and C) or one observer (panels B and D).
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that include hair and clothing impair trustworthiness detection, compared to pictures
including only facial features.
4.3.2 In search of the angry button
So far we presented evidence that observers are able to identify rejecters above chance
levels. The next step is to verify that observers are able to do this by recognizing angry
buttons, i.e., responders that get angry and reject. If so, we expect higher accuracy rates
for pairs in which the rejecter becomes relatively angry after receiving the low offer.
Measuring and predicting reactive anger
We first need to determine which responders angered at the time that they received a
low offer. For the subsample of responders who were videotaped during the experiment,
we can measure this ‘reactive anger’ directly using the facereading software. For this
measure, we use the maximum level of anger that each responder expressed during the
first 5 seconds after observing the low offer. Some participants looked away from the
camera, but the software successfully captured the facial expressions of 25 of the
responders. Among those responders, we examine which facial traits are associated with
their level of reactive anger, and based on those we construct a measure of reactive
anger for the entire sample of responders. The facial traits that we consider are fWHR,
fM, fA, perceived attractiveness, perceived intelligence, perceived weight, perceived
masculinity, and gender.
In addition to the above facial traits, we also used the facereading software to
measure the degree of anger that is expressed on the photos and videos taken prior to
the experiment. Specifically, we distinguish between ‘baseline anger’ and ‘acted anger.’
Baseline anger refers to the anger that is expressed on the neutral photos and videos.
This is measured by taking the mean of the maximum level of anger expressed on the
photo, the cartridge video, and the part of the emotions video in which subjects take on
a neutral expression. Acted anger refers to the maximum level of anger expressed in the
emotions video.
As shown in Figure 4.2, baseline and acted anger barely differ between rejecters
and accepters (for baseline anger, Z = 0.904, p = 0.367; for acted anger, Z = 0.014, p =
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FIGURE 4.2: ANGER OF ACCEPTERS AND REJECTERS

Notes: The figure shows means of baseline anger, acted anger and reactive anger for accepters and
rejecters. Baseline anger is the mean of the maximum level of anger expressed on the photo, the
cartridge video, and the part of the emotions video where subjects take on a neutral expression. Acted
anger is the maximal anger expressed when the responder was asked to express anger in the emotions
videos. Reactive anger is the maximal anger expressed in the first 5 seconds that responders saw the
unfair offer. For baseline and acted anger, the means are based on 48 accepters and all 19 rejecters (all
responders except 1 accepter and 1 rejecter for which the facereading software did not capture the
face). For reactive anger, the means are taken for responders that were successfully filmed in the first
5 seconds after observing the unfair offer on the computer screen (19 accepters and 6 rejecters).



0.989, two-sided MWU test). Reactive anger, however, is higher among rejecters than
among accepters but the difference is not statistically significant (Z = 1.368, p = 0.171,
MWU test).19
We use a parsimonious approach to explore which facial cues predict reactive
anger. We included cues one by one on the basis of which variable has the lowest pvalue, and we continued doing so until none of the variables would enter with a p-value
below 0.10 (e.g., Heij et al., 2014).20 The resulting specification is shown in Table 4.3.

19

If we consider only the webcam videos where the facereading software successfully analyzed more
than 30 frames, mean reactive anger is (weakly) significantly higher for rejecters than for accepters (Z =
1.922, p = 0.055, N = 18, MWU test; mean reactive anger is 0.77, and 0.36 for rejecters and accepters
respectively).
20
When we add fWHR or fA measures, we also include horizontal or vertical head-orientation,
respectively, as measured by the facereading software. It turns out that some responders had their face
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TABLE 4.3: SIGNALS ASSOCIATED WITH REACTIVE ANGER
Dep. var.: Reactive anger
fA
Horizontal head orientation
Constant

.206
-.103
.570

Observations
R2
Adjusted R2

(0.089)**
(0.053)*
(0.118)***

25
0.213
0.141

Notes: The table reports results from an OLS regression. Standard errors in parentheses. *** p < 0.01,
** p < 0.05, * p < 0.1

The only variable we ended up with is fA and the coefficient is large and significant.
We use the regression results to construct the measure of reactive anger of our 44 out of
69 responders for whom we don not have direct measurements.21 Using this measure of
reactive anger, we find that the level of anger is significantly higher among rejecters
than among accepters (Z = 2.665, p = 0.008, MWU test).
Accuracy of predictions and reactive anger
We study whether the observers’ judgments are more accurate for rejecters with a
higher level of reactive anger or (predicted) reactive anger, i.e., those with a relatively
‘large’ (estimated) angry button. The relative frequency of the observers’ correct
judgments as a function of the (predicted) level of reactive anger can be seen in Figure
4.3. The figure shows that observers are better able to identify rejecters who would be
predicted to get angry. Predicted reactive anger and correct judgments are strongly and
positively correlated for rejecters (Spearman rank correlation, ρ = 0.680, p = 0.001).22 In

slightly turned when they faced the camera (despite our request to look straight into the camera). By
adding head orientation we correct for this bias. The correction enhances the adjusted-R2 of the
regression.
21
Alternatively, we could use the (predicted) reactive anger for all the 69 responders, instead of using the
direct measurements for the 25 responders for whom we have this. This gives very similar results to those
reported in the text.
22
This is also the case if we consider the subsamples where we have direct measurements of reactive
anger and (predicted) reactive anger separately (Spearman rank correlation, ρ = 0.943, p = 0.005 (N = 6),
with direct measurement and ρ = 0.533, p = 0.050 (N = 14) with (predicted) reactive anger).
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FIGURE 4.3: ACCURACY OF JUDGMENTS AS A FUNCTION OF (PREDICTED) REACTIVE
ANGER

Notes: (Predicted) reactive anger is based on the model specified in Table 4.3 for those responders for
whom we do not have a direct measurement. The fraction of correct guesses are taken over all trials,
across all tasks. Straight lines come from OLS regressions of the fraction of correct guesses on
(predicted) reactive anger and a constant.

contrast, the ability to judge accepters does not vary with the (predicted) reactive anger
(Spearman rank correlation, ρ = -0.157, p = 0.283). In agreement with Figure 4.2,
Figure 4.3 shows that (predicted) reactive anger is significantly higher for rejecters than
accepters (Z = 2.665, p = 0.008, MWU test).
These results indicate that observers are able to identify who is likely to reject a
low offer out of anger. Note that observers never saw the actual reactive anger: they are
able to recognize who will anger based on images that were recorded before the
emotion was triggered. All in all, our results suggest that the better-than-chance
accuracy is driven by a particular subset of responders: those who are likely to have an
angry button.
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TABLE 4.4: ACCURACY OF JUDGMENTS IN THE HOT UG CONDITIONAL ON RESPONDER
TYPES

Rejecters →

No angry button

↓ Accepters
(N = 6)

No angry button (N = 29)
Fake angry button (N = 20)
All accepters (N=49)

No angry buttons (N = 29)
Fake angry buttons (N = 20)
All accepters (N=49)

Angry button
All
Big
(N = 14)
(N = 7)

49.1
45.3
47.5

Photo tasks
57.9***
58.5***
58.2***

61.2***
62.8***
61.8***

44.5**
46.7
45.4**

Video tasks
55.3***
53.4**
54.5***

58.4***
58.2***
58.4***

Notes: The table shows accuracy rates for pairs, depending on the types of the matched responders.
(Big) angry buttons are rejecters who have a level of (predicted) reactive anger (RA) in the top 50
percent (25 percent), fake angry buttons are accepters who have a level of RA in the top 50 percent,
other accepters and rejecters are responders who have a level of RA in the bottom 50 percent. Stars
indicate significance levels from two sided t-tests taking the mean accuracy of each responder as the
unit of observation: .*** p < 0.01, ** p < 0.05, * p < 0.1

We further illustrate the finding that responders with an angry button are
frequently judged correctly in Table 4.4, where we present accuracy levels conditional
on the composition of the pairs. Based on their (predicted) reactive anger, we classify
responders as having an ‘angry button’ if they have an above median level of predicted
reactive anger and reject the low offer, and a ‘big angry button’ if they reject and have a
level of (predicted) reactive anger in the top quartile. If responders have an above
median level of predicted reactive anger but nevertheless accept the low offer, we label
them as having ‘fake angry buttons.’ All others are classified as having ‘no angry
button.’
Table 4.4 confirms that angry buttons are detected particularly well. With the
photo tasks, pairs that involve a responder with a big angry button are accurately judged
in around 61.2 percent of the cases. Also in the video tasks, responders with a big angry
button are judged relatively accurately, namely in 58.4 percent of the cases. From a
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different angle, 85.7 percent of the responders are judged correctly by a majority of
observers when we only consider pairs where a rejecter with a big angry button (there
are a total of seven such rejecters) is present.23
Table 4.4 highlights some other interesting findings. A first one is that ‘real’ and
fake angry buttons can be distinguished quite well in the photo tasks: the accuracy rate
for pairs where the rejecter has an angry button and the accepter has a fake angry button
is 58.5 percent (significantly higher than 50 percent). In the video tasks, distinguishing
between the two turns out to be somewhat more difficult. Here, the accuracy rate is just
53.4 percent, which is again significantly different from 50 percent. Second, Table 4.4
also shows that when rejecters do not have an angry button, the accuracy rates drop
below 50 percent. This is particularly clear for the video tasks, where the accuracy rate
drops to 45.4 percent (significantly different from 50 percent). These findings suggest
that observers are ‘misled’ by some of the cues they see in the videos, especially when
the rejecter does not have an angry button.
Finally, in Figure 4.4 we show the mean fA for our four different types of
responders. As can be seen in the figure, responders with an angry button score
particularly high on fA, and thus have a particularly asymmetric face. A Kruskal-Wallis
test rejects that fA is the same across the four groups of responders (χ2(2) = 17.844, p =
0.001). What is more, angry buttons have a much more asymmetric face than fake angry
buttons (Z = 2.100, p = 0.038, MWU test).
4.3.3 Do observers use cues associated with hot rejections?
We examine in detail which cues predict the responders’ decision to reject, and whether
observers use those cues in making their judgments. To do so, we first regress the
responders’ decision to reject on a range of facial cues. These cues include the
emotional content of the facial expression (anger), fWHR, fM, and fA, and perceived
attractiveness, intelligence, weight, and masculinity. Column (1) of Table 4.5 reports
the results. Responders with a more asymmetric face are more likely to reject. A one
standard deviation increase in fA increases the likelihood of rejection by 22.4
percentage points. Responders who belong to the top half in terms of fA reject 18.3


23

See Table 4.A.1 in the Appendix for these statistics.
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FIGURE 4.4: MEAN FACIAL ASYMMETRY BY TYPE OF RESPONDER

Notes: The figure shows mean fA for four types of responders. Angry buttons are rejecters who have a
level of (predicted) reactive anger (RA) in the top 50 percent, fake angry buttons are accepters who
have a level of RA in the top 50 percent, and the other responders have a level of RA in the bottom 50
percent.

percentage points more often than responders in the bottom half. This finding seems to
be robust. In another sample we used for the pilot study, the difference in rejection rates
between the 14 responders in the top half of fA and the 14 responders in the bottom half
equals 20.7 percentage points. In addition, this finding is consistent with fA being a
correlate of reactive anger, as we have shown in 3.2.24 Most of the other coefficients are
small and insignificant.
Do observers use the relevant cues? Columns (2)-(4) of Panel A in Table 4.5
show the results when we regress the proportion of times that a responder is judged as a
rejecter on the above-mentioned facial cues. Column (2) reports results from all tasks
pooled, and columns (3) and (4) from the photo and video tasks separately. In addition
to the explanatory variables used in column (1), we include the dummy variable
‘rejects,’ indicating whether or not the responder that was identified as the rejecter

24

Zaatari and Trivers (2007) and Sanchez-Pages and Turiegano (2013) do not find a correlation between
fA and rejection in the UG.
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TABLE 4.5: ACTUAL AND PERCEIVED CUES OF REJECTING IN THE HOT UG
Panel A
Dep. var.:

(1)
Responder
rejects

(2)

(3)
Responder identified as rejecter

All tasks
Baseline anger
fA (facial asymmetry)
fWHR (width-toheight ratio)
fM (facial
masculinity)
Perceived
attractiveness
Perceived intelligence
Perceived weight
Perceived masculinity
Female
Horizontal head
orient.
Vertical head orient.
Rejects
Constant
Observations
Adj. R2

Rejects
Observations
Adj. R2

(4)

Photo tasks

Video tasks

-.023 (.055)
-.224 (.063)***
-.062 (.073)

-.027 (.008)***
-.041 (.011)***
-.003 (.011)

-.030 (.012)**
-.047(.015)***
-.013 (.015)

-.026 (.011)**
-.032 (.014)**
-.015 (.015)

-.046 (.055)

-.006 (.008)

-.012 (.012)

-.001 (.011)

-.050 (.062)

-.009 (.009)

-.001 (.013)

-.014 (.012)

-.105 (.074)
-.116 (.076)
-.058 (.061)
-.068 (.120)
-.085 (.044)*

-.010 (.011)
-.003 (.012)
-.026 (.009)***
-.010 (.018)
-.013 (.007)*

-.021 (.016)
-.003 (.016)
-.028 (.013)**
-.018 (.025)
-.017 (.010)*

-.000 (.015)
-.003 (.016)
-.024 (.012)*
-.031 (.024)
-.010 (.009)

-.005 (.023)

-.002 (.004)
-.021 (.021)

-.004 (.005)
-.052 (.028)*

-.000 (.005)
-.005 (.027)

-.363 (.102)***

-.497 (.017)***

-.473 (.023)***

-.517 (.023)***

67
.105

67
.436

67
.355

Panel B
-.062 (.022)*** -.095 (.027)***
69
69
.093
.140

67
.215

-.033 (.026)
69
.009

Notes: The table reports results from OLS regressions. The dependent variable in (1) is the
responder’s choice to reject the unfair offer in the hot UG, and in (2)-(5) the proportion of times that a
responder was identified as the rejecter by observers. All independent variables are normalized to
have mean zero and a standard deviation of one, except for the dummy variables and the head
orientation controls. Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1
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actually did reject the unfair offer. This variable is supposed to pick up all cues,
unobservable to us, that observers used to make correct judgments. Specifically, a
positive sign of the associated coefficient would imply that observers have used cues
associated with rejection behavior that are not included in our regression. In Panel B of
the table, we also report the coefficient of the reject dummy in regressions that have no
other explanatory variables. This coefficient captures the extent to which observers have
done better than chance.
Overall, observers appear to correctly ignore most of the cues that are
uncorrelated with the actual decision to reject (column (2)). They do use baseline anger
and perceived masculinity as cues, with a correct sign, even though we find no evidence
that they are statistically predictive of rejecting. Most notably, observers rely most on
fA as a cue, which is indeed the best predictor of rejecting.
A comparison of columns (3) and (4) shows that, for the most part, observers use
the same cues in the photo and video tasks. The main difference is that they rely less on
fA in the video tasks, possibly because it is harder to assess fA when people are in
motion. This difference can explain roughly half a percentage point of the 3 percentage
points difference in accuracy between the tasks.
It is interesting to examine the coefficients of the reject dummy. Without any
further controls (Panel B), its estimated coefficient is small (0.033) and insignificant for
the video tasks. For the photo task, it is significant: observers are 9.5 percentage points
more likely to select a responder if that responder actually rejected the low offer. This is
consistent with our earlier analysis of accuracy. After adding controls (Panel A), it gets
smaller (0.052) for the photo tasks and is marginally significant. It seems therefore that
observers use some additional cues that can explain the accuracy of their guesses. Of
course, it is conceivable that observers used the same cues in a different manner than
modeled in our specification. Instead of looking at absolute levels, they may make their
judgments based on the differences between the paired respondents, as they see them
side-by-side. In Table 4.A.2 of the Appendix we present estimations from a model
specification based on differences. While some of the explanatory variables become
significant, our main conclusions are unaffected. With that specification, there is no
evidence that observers use any additional cues beyond any of our control variables,
neither in the photo tasks nor in the video tasks.
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TABLE 4.6: ACCURACY OF JUDGMENTS FOR THE COLD UG (IN %)
(1)
Accuracy in %
(p-values)

(2)
Responders (%)
judged correct
over 50% of the
time

(3)
Observers (%)
with over 50%
correct
judgments

(4)
N
observers

Photo tasks
5s
1s
Pooled

51.1
48.9
50.2

(0.436)
(0.534)
(0.898)

53.6
42.4
48.4

55.4
44.2
50.9

74
54
128

Video tasks
Cartridge
Short emotions
Long emotions
Pooled

53.5
47.7
51.2
50.9

(0.013)
(0.150)
(0.536)
(0.503)

67.2
40.4
55.1
59.3

69.8
36.2
58.8
54.2

60
52
20
132

All tasks

50.5

(0.654)

56.5

52.7

260

Notes: Accuracy rates in (1) and the p-values (in parentheses) come from two sided t-tests taking the
mean accuracy of each responder as the unit of observation (N = 62). Fractions in (2) and (3) are
computed by dividing the number of responders or observers with more than 50 percent correct
judgments by the total number of responders or observers with strictly more or less correct judgments
than 50 percent.

4.3.4 Detecting rejecters in the cold UG
Our analysis in the previous sections has focused exclusively on the hot UG. In this
subsection, we report the results from the cold UG. We conjectured that with the
strategy method the emotional underpinnings of the decision to reject are not as strong
as with the direct method, and thus potentially harder to detect by observers.
Table 4.6 shows the accuracy of observers’ judgments for the cold UG. The cues
that they use, as well as the cues that predict responders’ decisions, are indicated in
table 4.A.3 of the appendix. As can be seen in the table, the accuracy rate across all
tasks is 50.5 percent, which is not significantly different from chance (p = 0.654, twosided t-test). With the exception of the cartridge video task, the accuracy is at chance
levels for each task considered individually.
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4.4



Concluding discussion

We find support for the hypothesis by Frank (1988, 1987) that anger serves as a credible
commitment device. In particular, we find that observers who are shown pairs of photos
of a rejecter and an accepter of a low offer before they played an ultimatum game (UG)
detect the subsequent rejecter in 54.8 percent of the cases, which is significantly above
chance.
Although the overall accuracy level is rather modest, people’s ability to observe
the preferences of others can have large consequences for the equilibrium configuration
of preferences, even if the observability is low (Dekel, Ely and Yilankaya, 2007; Güth
and Yaari, 1992). Nowak et al. (2000) illustrate, in an evolutionary model, that a modest
degree of observability can suffice to sustain fair behavior in a population. The model
shows that if the proposer has some information on what the responder will accept in an
UG, ‘fairness’ will evolve in the population. While the model assumes that proposers
acquire this information through access to some of the history of offers accepted by the
responder, a similar mechanism is at work if the information consists of physiological
cues that are correlated with responder behavior.
Moreover, in a world where both accepters and rejecters of low offers coexist, it
would be natural that (at least some) people develop an imperfect ability to detect
rejecters. On the one hand, if it were impossible to detect rejecters, both types would
receive the same distribution of offers. Accepters would be able to perfectly mimic
rejecters. The rejecters, who would receive a lower payoff than the accepters, would
eventually be extinguished from the population. On the other hand, if proposers could
predict perfectly who accepts and who rejects, accepters would get lower offers and
thus lower payoffs than rejecters and their proportion would decline.
Observers are particularly able to identify rejecters when these rejecters
predictably become angry. Observers of pairs where the rejecter has an angry button,
that is, where the rejecter angers more than the median responder after receiving a low
offer, achieve an accuracy rate of 58.2 percent. For pairs that include a person with a
‘big’ angry button, who is among the 25 percent of angriest responders, the accuracy
rate increases further to 61.8 percent. Even if the angry button is matched with an
accepter who ‘looks like’ an angry button, the accuracy rate is equal to 58.5 percent.
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Detecting rejecters in videos seems to be more difficult than in photos. In the
video tasks, the overall accuracy rate is 51.7 percent, and not significantly different
from 50 percent. More information, or longer exposure to it, may spur people to replace
intuitive or instinctive decision-making by conscious decision-making, which seems to
impede judgments in some cases (see also Bonnefon et al., 2013). The accuracy rate
increases significantly above chance to approximately the same levels as for the photo
tasks, however, in pairs with an angry button.
In both our main and our pilot experiment, facial asymmetry is a cue that is
surprisingly strongly correlated with (‘hot’) rejection of unfair offers. If observers had
used the cue perfectly, by always selecting the more asymmetric person of the pair as
the rejecter, they would have been correct 69 percent of the time. Although our
observers do not use this cue perfectly, they do correctly sense that asymmetric
responders tend to anger and reject more easily.
The asymmetry result that we find for the ‘hot’ UG does not carry over to the
‘cold’ game that uses the strategy method to elicit responders’ choices. This seems to
suggest that facial asymmetry is a correlate of emotionally-driven rejections, and that
emotions have much less of an influence on rejections under cold than under hot
decision-making. Our observers also seem to sense that both types of rejections are
different in nature, because they do not use facial asymmetry as a cue in the guessing
task based on the sample drawn from the cold UG. This finding is in agreement with the
work of Jaschke et al. (2013) who find that behavior of responders in a strategy method
UG is not anticipated by proposers.
Our results beg the question of why facial asymmetry plays the dual role that it
does. Facial asymmetry is a proxy for fluctuating asymmetry, and it has been shown
that fluctuating asymmetry can serve as a marker of developmental instability (van
Dongen and Gangestad 2011). One possible pathway between asymmetry and rejection
in the UG is that asymmetry signals developmental instability, that developmental
instability makes people less able to control emotional impulses, and that this triggers
hot rejections of stingy offers in the UG. In line with this pathway, Benderlioglu et al.
(2004) find that asymmetric people respond more aggressively when being angered. In a
similar vein, Lalumiere et al. (2001) report that those who commit serious offences
score higher on asymmetry measures than non-offenders. Interestingly, studies that rely
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on ‘cold’ self-reported measures of anger find a negative association between anger and
fluctuating asymmetry (Furlow et al. 1997; Manning and Wood 1998). These results
agree with our finding that asymmetry is positively associated with anger and rejection
of low proposals in the hot UG but not in the cold UG. Although this evidence is
suggestive, we think we are still at an early phase of understanding the exact underlying
biological mechanism linking asymmetry and behavior. Whatever the underlying
biological mechanism turns out to be, we think economists would benefit if they paid
more attention to the potentially important effects of asymmetry and other biological
markers on economic outcomes.
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Appendix 4.A.1 Instructions
4.A.1.1

Pre-experimental consent form

One of the things that we shall do in this experiment is to take a photograph and a video
of you.
The photograph and video will be used only for research purposes.
Your photo and video will not be used today and will not be shown to anyone else
participating today. We do ask your permission to use the photos and videos in other
experiments. You will remain anonymous in these experiments (your photo and video
will not be shown to anyone that we have reason to believe might know you). We will
not share your background information with participants in other experiments.
You get 4 EUR for having your photo and video taken and agreeing with the procedure
described above.
If you object to having your photo and video taken, you may leave the experiment now.
4.A.1.2

Script for making photos and videos

The script below is translated from Dutch. The transcript in Dutch is available upon
request.
Sequence of events:
1) Photo of the participant is taken where he/she visibly shows her table id
2) Neutral photo is taken from the participant’s face
3) A video is taken where the participant reads the instructions of how to replace a
cartridge aloud
4) A video is taken where the participant is asked to express a sequence of
emotions
Script:
“I will make some photos and videos of you. Could you sit on this chair?”
Now adjust the height of the tripods to ensure that the participant is clearly
visible on both cameras.

145





“Could you hold-up your table number?”
Make a photo with the table number and face visible. Afterwards, zoom in on
the participants face.
“I will now make a photo of your face. Could you look into this camera with a neutral
facial expression?”
Make the neutral photo. Only repeat this if the participant’s eyes are closed.
“I will now make a video of your face. Could read this text aloud after I said ‘ok’?”
Say ‘ok’ and make the cartridge video.
“I will make another video of your face. While making this video, you will be shown a
number of emotions on this screen. You should express these emotions until the next
emotion appears. You should look into this camera and you should not talk while
making the video. The emotions that you will be shown are: neutral, anger, fear, joy,
disgust, sadness and surprise. We start when the first emotion is displayed on the
screen.”
Show the powerpoint. The sequence is: neutral, anger, fear, joy, disgust, sadness,
surprise. Do not repeat the video if someone starts giggling or something.
“Thank you for your cooperation. You can now return to your table.”
4.A.1.3

Instructions ultimatum game (Tilburg phase)

General Instructions
Welcome to the experiment.
The experiment takes place in both parts of the lab. All participants received the same
instructions. Please read them carefully.
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Do not communicate with any of the other participants during the entire experiment. If
you have any questions, raise your hand or knock on your door, and wait until the
experimenter comes to you to answer your question in private.
The amount of money you will earn depends on the decisions made by you and other
participants in the other lab.
The experiment has two parts. For both parts, you will get a new set of instructions. The
instructions for Part 1 are below. The instructions for Part 2 will appear on your
computer screen at the point Part 2 starts. At the end of the experiment, we will
randomly select one of the two parts and pay you the amount of money you earned in
that part. You receive a fee of €3 for participating in these two parts of the experiment.

You will remain anonymous to the other participants. We will not reveal your identity,
and pay you the next day by a bank transfer.
Instructions Part 1
There are two types of players: player 1 and player 2. Each player 1 will be randomly
matched to a player 2.
The task of player 1 is to propose how to divide €9 between player 1 (so him- or
herself) and player 2. Player 1 can choose between two options (A and B).
In option A, player 1 gets €7 and player 2 gets €2. In option B, player 1 gets €4 and
player 2 gets €5.
After seeing the proposal by player 1, player 2 chooses to accept or refuse it. If player 2
accepts the proposal, the money is divided as specified in the proposal. If player 2
refuses, none of the players earns money.
Instructions Part 2 (shown on computer screen after Part 2 had finished)
In this part there are again two types of players, player 1 and player 2. You will keep the
same role as in the previous part, and you will be randomly rematched with another
player.
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The task of player 1 is again to propose how to divide 9 EUR between player 1 and
player 2.
This time, player 1 can choose to offer any amount between 0 and 9 EUR (in multiples
of 0.5 EUR) to player 2 and keep the rest of the 9 EUR to him- or herself.
Player 2 indicates for each possible amount that player 1 may offer, whether he/she
accepts or refuses the proposal.
Once both players have made their choices, the actual proposal of player 1 is shown to
player 2. If player 2 has indicated he/she would accept that particular proposal, the 9
EUR is divided as specified in the proposal. If player 2 has indicated he/she would
reject that particular proposal, none of the players earn money.

4.A.1.4

Instructions observer tasks (Amsterdam Phase)

The text in italics was specific for the different observer tasks. The tasks are denoted by
(1) Photo 5s, (2) Photo 1s, (3) Cartridge, (4) Short emotions and (5) Long emotions.
The annotations (HOT) and (COLD) refer to tasks based on the hot and cold UG
sample respectively.
Welcome
Welcome to this experiment. During the experiment you are not allowed to
communicate. If you have any questions at any time, please raise your hand. An
experimenter will assist you privately. You will make your decisions privately and
anonymously. Your name will never be linked to your decisions and other participants
will never be able to link you with your personal decisions or earnings from the
experiment.
Today's experiment consists of (1-4) 4 (5) 3 parts. At the beginning of each part, you
will receive new instructions. Your earnings depend on your decisions and the decisions
of other participants. Your earnings will be paid to you privately at the end of today's
session.
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Instructions part 1
You will be shown (1-2) photos (3-5) videos of participants in another experiment.
They played the following game.

The game
There were two types of players: player 1 and player 2. Each player 1 was randomly
and anonymously matched to a player 2. The task of player 1 was to propose how to
divide €9 between player 1 (so him- or herself) and player 2.
(HOT) Player 1 could choose between two proposals (A and B)
Proposal A: player 1 gets €4 and player 2 gets €5.
Proposal B: player 1 gets €7 and player 2 gets €2.
After seeing the proposal by player 1, player 2 chose to accept or refuse it. If player 2
accepted the proposal, the money was divided as specified in the proposal. If player 2
refused, none of the players earned money.

(COLD) Player 1 could propose any division of the €9 among the two players in
multiples of 50 cents.
Before receiving the actual proposal of player 1, player 2 indicated which proposals
(s)he would accept and refuse. This means that for each possible proposal, player 2
specified whether (s)he would accept or refuse the proposal. If the proposal of player 1
was accepted, the money was divided as specified in the proposal. If player 2 refused
the proposal, none of the players earned money.

Your task
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You will be shown (1-2) photos (3-5) videos of participants in the game which is
described above. Each time, you will be shown a pair of photos of participants that
were player 2 in the game described above.
(HOT) Both participants on the (1-2) photos (3-5) videos received proposal B. In each
pair that you will be shown, one participant accepted the proposal and one refused the
proposal. It is your task to select the participant that refused the proposal.
(COLD) For each of the participant on the (1-2) photos (3-5) videos, we know whether
they would accept or reject the following proposal:
Player 1 gets €7 and player 2 gets €2.

In each pair that you will be shown, one participant would accept the proposal and one
would refuse the proposal. It is your task to select the participant that would refuse the
proposal.

In this part, you will be shown (HOT) 20 (COLD) 28 pairs. From these (HOT) 20
(COLD) 28 pairs, (1-4) 2 (5) 4 will be randomly selected for payment. For these (1-4) 2
(5) 4 pairs, you will receive €5 for each pair that you judged correctly. If your judgment
was incorrect, you will receive nothing. At the end of today's experiment, you will be
informed how many of the selected (1-4) 2 (5) 4 pairs you judged correctly.
On the next page, you will see an example of the task.

Example
(1-2) The participants on the photos were asked show a neutral expression. The photos
were taken before the participants knew anything about the game that they would play.
(3) The participants on the videos were shown a short extract from a manual. This
manual contained instructions on how to replace a printer cartridge. Participants were
asked to read this out loud.
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(4) The participants on the videos were asked to first show a neutral expression and
then to express the emotion anger.
(5) The participants on the videos were asked to first show a neutral expression and
then to express the emotions anger, fear, joy, disgust, sadness and surprise.
(1-2) In the experiment and the example below, the photos will be visible for (1) 5
seconds (2) 1 second. After this, they will disappear but you can still make a choice.
You make a choice by clicking on the photo of your choice.
(3-5) In the experiment and the example below, the videos will be played once. After
this, they will disappear but you can still make a choice. You can make a choice by
clicking on the video of your choice. After the videos are finished, you can confirm your
choice by clicking on 'OK'.
(HOT) Remember, it is your task to select the participant that refused the proposal.
(COLD) Remember, it is your task to select the participant that would refuse the
proposal.

(1, 3-5) After making your decision, you will be asked how sure you are about your last
decision. You can indicate this by moving the slider closer to 'completely unsure' or
'completely sure'. You can try this in the example below. Your payment does not depend
on where you put the slider: only your choice between the two participants matters.
You can still go back to the instructions by clicking on 'back to instructions' below. If
you understand the task, click on 'continue' to make your decisions. If you need help,
please raise your hand.
4.A.1.5

Instructions eyes-test task (Amsterdam Phase)

For each set of eyes, choose and select which word best describes what the person in the
picture is thinking or feeling. You may feel that more than one word is applicable but
please choose just one word, the word which you consider to be most suitable. Before
making your choice, make sure that you have read all 4 words. You should try to do the
task as quickly as possible but you will not be timed. If you really don't know what a
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word means you can look it up by moving your mouse over the question mark. By
doing so, you will also see the Dutch translation.
For you participation in this part, you will receive €5. Your payment does not depend
on your choices in this part.
Below is an example. You can proceed by selecting a word and clicking on 'OK'.
4.A.1.6

Instructions ultimatum game for observers (Amsterdam Phase)

In this part, you will play the following game.
There are two types of players: player 1 and player 2. Each player 1 is randomly
matched to a player 2. The task of player 1 is to propose how to divide €9 between
player 1 (so him- or herself) and player 2. Player 1 can choose between two proposals
(A and B).
Proposal A: player 1 gets €4 and player 2 gets €5.
Proposal B: player 1 gets €7 and player 2 gets €2.
Player 2 chooses to accept or refuse it. If player 2 accepts the proposal, the money is
divided as specified in the proposal. If player 2 refuses, none of the players earns
money.
On the right, you indicate what you would do in this game, both as player 1 and as
player 2.
After everyone in the lab has made a decision, the computer will randomly match you
with another participant. The computer will randomly determine who will be player 1
and player 2. Then, your decisions will be implemented and the earnings of this game
will be added to your payment.
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If you understand the instructions above, click on 'continue' to make your decisions. If
you need help, please raise your hand.
4.A.1.7

Instructions attractiveness, weight, intelligence and masculinity

ratings
The text in italics was specific for the different rating tasks. The tasks are denoted by (i)
attractiveness, (ii) weight, (iii) intelligence and (iv) masculinity.
Thank you for participating in this experiment. This is a short experiment and you will
earn a flat fee of 10 euro for your participation. Please remain silent throughout the
experiment.
You will see pictures of people who participated in an experiment in Tilburg.
(i) Your task is to rate the attractiveness of each person. You can do this on a seven
point scale, where 1 indicates “very unattractive”, 4 indicates “average-looking”, and
7 indicates “very attractive”.
(ii) Based on the picture, we ask you to give your best estimate of the person's weight.
You can do this on a seven point scale, where 1 indicates “heavily underweight”, 4
indicates “average weight”, and 7 indicates “heavily overweight”.
(iii) Based on the picture, we ask you to give your best estimate of the person's
intelligence. You can do this on a seven point scale, where 1 indicates “very
unintelligent”, 4 indicates “average intelligence”, and 7 indicates “very intelligent”.
(iv) Your task is to rate the masculinity or femininity of each person. For pictures of
men, you can do this on a seven point scale, where 1 indicates “not masculine at all”, 4
indicates “average masculinity”, and 7 indicates “very masculine”. For pictures of
women, 1 indicates “not feminine at all”, 4 indicates “average femininity”, and 7
indicates “very feminine”.
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In total, you will see 131 pictures. Please take your time to make careful evaluations and
remain seated once you have finished. The experiment is over when all participants
have rated all pictures.
If you have any questions, please raise your hand and we will come to you to answer
your question in private.
Press "ready" when you are ready to start.
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Appendix 4.A.2: Supplementary tables
TABLE 4.A.1: ACCURACY OF JUDGMENTS FOR THE HOT UG; REJECTERS WITH AN
ANGRY BUTTON (IN %)
(1)
Accuracy
(%)

(2)
Responders
(%) judged
correct over
50 % of
times

(3)
Observers
(%) with
over 50 %
correct
judgments

(4)
P-values
from test
accuracy =
50 %

Angry button
Photo tasks
Video tasks
All tasks

58.2
54.5
56.2

75.4
69.5
77.0

73.1
65.6
69.1

0.000
0.000
0.000

Big angry button
Photo tasks
Video tasks
All tasks

61.2
58.4
60.0

81.5
78.8
85.7

75.0
60.9
67.3

0.000
0.000
0.000

Notes: Accuracy rates in (1) and p-values in (4) come from two sided t-tests taking the mean accuracy
of each responder as the unit of observation. Fractions in (2) and (3) are computed by dividing the
number of responders (both accepters and rejecters) or observers with more than 50 percent correct
judgments by the total number of responders or observers with strictly more or less correct judgments
than 50 percent.
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TABLE 4.A.2: PERCEIVED CUES OF REJECTING
Dep. var.:
All tasks
Δ Baseline anger
Δ fA
Δ fWHR
Δ fM
Δ Perceived attractiveness
Δ Perceived intelligence
Δ Perceived weight
Δ Perceived masculinity
Female in mixed gender pair
Mixed gender pair
Horizontal head orient.
Vertical head orient.
Rejects
Constant
Observations
Groups

Identified as rejecter
Photo tasks

Video tasks

.022 (0.007)***
.039 (0.007)***
.009 (0.009)
-.008 (0.007)
-.012 (0.007)*
-.019 (0.009)**
-.008 (0.010)
.021 (0.008)***
-.048 (0.027)*
.023 (0.019)
-.012 (0.007)*
-.003 (0.004)
-.016 (0.026)

.019 (0.009)**
.047 (0.010)***
-.008 (0.012)
-.019 (0.009)**
-.006 (0.010)
-.033 (0.013)***
-.003 (0.013)
.028 (0.011)***
.002 (0.038)
.003 (0.028)
-.020 (0.010)**
-.007 (0.005)
.007 (0.035)

.022 (0.008)***
.030 (0.010)***
.022 (0.011)**
.001 (0.009)
-.016 (0.009)*
-.011 (0.012)
-.011 (0.012)
.014 (0.010)
-.091 (0.036)**
.039 (0.026)
-.006 (0.009)
.001 (0.004)
-.032 (0.033)

.535 (0.023)***

.530 (0.031)***

.539 (0.030)***

2,395
67

2,903
67

5,298
67

Notes: The table reports results from a mixed effects model with random effects for the chosen
responder and the paired responder. The dependent variable is a dummy indicating whether the
responder was chosen as rejecter by observers. Variables with prefix Δ refer to differences between
the responder and the paired responder. All independent variables are normalized to have mean zero
and a standard deviation of one, except for the gender dummy variables and the head orientation
controls. Standard errors in parentheses.*** p < 0.01, ** p < 0.05, * p < 0.1
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TABLE 4.A.2: ACTUAL AND PERCEIVED CUES OF REJECTING IN THE COLD UG
Panel A
Dep. var.:

Baseline anger
fA
fWHR
fM
Perceived
attractiveness
Perceived intelligence
Perceived weight
Perceived masculinity
Female
Horizontal head orient.
Vertical head orient.
Rejects
Constant
Observations
Adj. R2

Rejects
Observations
Adj. R2

(1)
Reject

All tasks

(3)
Chosen
Photo tasks

Video tasks

-.004 (.105)
-.051 (.072)
-.085 (.083)
-.014 (.091)
-.053 (.098)

-.022 (.015)
-.002 (.011)
-.004 (.012)
-.014 (.013)
-.008 (.014)

-.011 (.019)
-.001 (.013)
-.010 (.015)
-.019 (.016)
-.019 (.018)

-.033 (.019)*
-.003 (.013)
-.002 (.015)
-.010 (.016)
-.004 (.017)

-.064 (.086)
-.125 (.109)
-.071 (.074)
-.031 (.183)
-.042 (.067)
-.015 (.035)

-.027 (.013)**
-.002 (.016)
-.025 (.011)**
-.003 (.027)
-.015 (.010)
-.001 (.005)
-.010 (.021)

-.041 (.016)**
-.019 (.020)
-.028 (.014)**
-.008 (.033)
-.010 (.012)
-.002 (.006)
-.004 (.026)

-.015 (.015)
-.014 (.019)
-.022 (.013)
-.014 (.032)
-.019 (.012)
-.001 (.006)
-.024 (.025)

-.423 (.145)***

-.529 (.023)***

-.526 (.028)***

-.531 (.027)***

61
-.132

(2)

61
.325

61
.261

Panel B
-.011 (.024)
-.004 (.029)
61
61
-.013
-.016

(4)

67
.200

-.018 (.027)
61
-.009

Notes: The table reports results from OLS regressions. The dependent variable in (1) is the
responder’s choice to reject the unfair offer in the cold UG, and in (2)-(5) the proportion of times that
a responder was chosen by observers. All independent variables are normalized to have mean zero and
a standard deviation of one, except for the dummy variables and the head orientation controls.
Standard errors in parentheses.*** p < 0.01, ** p < 0.05, * p < 0.1
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Appendix 4.A.4: Construction of facial measures
We marked 19 different points on each responders face, using the Image J application.25
Figure 4.A.1 shows the location of these points. Before measuring the points, the
picture was rotated such that pupils fall on the same y-coordinate. Based on the 19
points, we computed 11 different distances. The measure we use for the facial width-toheight ratio is based on the measure used by Lefevre et al. (2013). It takes the ratio
between the bizygomatic width (X10-X9) and the upper face height (the distance
between highest point of the eyelids and the top of the mouth: Y15-(Y7+Y8)/2).
The measure for facial asymmetry is based on the measure used by Little et al.
(2008). For facial asymmetry we compute the absolute differences between the left and
right distance from a ‘midline’ on 6 different points. The x-coordinate of the midline is
computed by the midpoint of the distance between the pupils (M=X1+(X2-X1)/2). We
compute the absolute differences for the inner eye corners (|(X4-M)-(M-X3)|), outer eye
corners (|(X6-M)-(M-X5)|), cheekbones (|(X10-M)-(M-X9)|), nose (|(X12-M)-(MX11)|), mouth (|(X14-M)-(M-X13)|) and the jaw (|(X17-M)-(M-X16)|). To account for
possible differences in distance from the camera, each of the absolute differences is
normalized by dividing it by the inter-pupillary distance (X2-X1). Each of the absolute
differences were converted to a z-score and summed up to one asymmetry score.
Facial masculinity was computed using the measure by Apicella et al. (2008). It
consists of four different ratios that have found to be sexually dimorphic. These four
ratios are ‘cheekbone prominence’, which takes the ratio between the facial width at the
cheekbones and at the jaws (ChP=(X10-X9)/(X17-X16)), the ratio between the ‘jaw
height’ and the ‘lower face height’ (JH/LFH=(Y19-(Y16+Y17)/2)/(Y19-(Y1+Y2)/2)),
the ratio between the ‘lower face height’ and the ‘face height’ (LFH/FH=(Y19(Y1+Y2)/2)/(Y19-Y18)) and the ratio between facial width at the cheekbones and
‘lower face height’ (FW/LFH=(X10-X9)/(Y19-(Y1+Y2)/2)). Each of the four ratios is
converted to a z-score and these z-scores are summed to one score: (JH/LFH+LFH/FH)(ChP+FW/LFH).



25

This can be downloaded from http://rsbweb.nih.gov/ij/download.html
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FIGURE 4.A.1: THE 19 POINTS MARKED
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Samenvatting (Summary in Dutch)
Dit proefschrift is gebaseerd op drie onafhankelijke studies. Alle studies beschrijven
laboratorium experimenten en hebben (breed genomen) als thema hoe de sociale
omgeving het menselijk gedrag beïnvloedt. In hoofdstukken 2 en 3 bestuderen we de
invloed van netwerken op coöperatief gedrag. In hoofdstuk 4 onderzoeken we een
mogelijke verklaring waarom mensen sociale emoties zoals woede hebben.
In hoofdstuk 2 beschrijven we een nieuw mechanisme dat helpt bij het creëren van
publieke goederen. Het mechanisme is gebaseerd op het idee dat er in veel toepassingen
van succesvolle publieke goederen er een competitie voor ‘status’ plaatsvindt.
Voorbeelden zijn Wikipedia en open source software. In deze voorbeelden is een kleine
groep vaak verantwoordelijk voor de overgrote meerderheid van de bijdragen, en deze
kleine groep is met name gemotiveerd door het bereiken van hogere status binnen de
groep.
We doen dit onderzoek aan de hand van speltheoretische modellen en
laboratorium experimenten. In het model en het experiment hebben spelers er baat bij
om toegang te hebben tot een publiek goed. Dit kunnen ze doen door er zelf in te
investeren, of door gebruik te maken van de investeringen van anderen. Dit laatste doen
ze door een link te maken naar andere spelers. Hierdoor ontstaan netwerken.
We beschrijven hoe spelers concurreren om een aantrekkelijke positie in een
netwerk te bemachtigen. Welke posities aantrekkelijk zijn, wordt bepaald door de aanof afwezigheid van ‘status rents’. Deze status rents leveren een speler baten op wanneer
een ander een link naar hem/haar maakt. Oftewel, spelers waarderen het wanneer een
ander gebruik maakt van hun investering in een publiek goed. In alle gevallen, is het
statische evenwicht een ster-netwerk, waarin degene in het centrum van de ster een
positieve bijdrage aan het publieke goed levert terwijl de anderen meeliften op deze
investering en een link maken met deze centrale speler.
We gebruiken een eenvoudig dynamisch model om voorspellingen te genereren
voor het herhaalde spel. De resultaten van de experimenten zijn grotendeels in
overeenstemming met deze voorspellingen. Zonder status rents verdient de speler in het
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centrum minder dan degenen in de periferie van het netwerk. In dit geval zijn sterren
instabiel: spelers proberen de centrale positie op een ander af te schuiven door weinig te
investeren. Met de introductie van status rents verandert de situatie: hierdoor wordt de
centrale positie aantrekkelijker en proberen spelers deze positie te bereiken door te
concurreren via hun investeringen in het publieke goed. De grootte van de status rents
en de grootte van de groep hebben beide een positieve invloed op de hoeveelheid die er
geïnvesteerd wordt. We identificeren de condities waaronder competitie leidt tot
onderinvesteringen, efficiënte investeringen of zelfs overinvesteringen in het publieke
goed.
Macht corrumpeert. Tenminste, dat is een vaak gehoorde uitspraak. In hoofdstuk 3
onderzoeken we deze stelling in een specifieke context. We onderzoeken of een
machtige positie in een groep leidt tot meer of minder coöperatief gedrag en hoe
degenen zonder macht hierop reageren. We onderzoeken dit in een laboratorium
experiment waarin groepen van vijf personen een sociaal dilemma spel spelen. In dit
spel moeten spelers een afweging maken tussen hun eigenbelang en het belang van de
groep.
In de verschillende experimentele condities wordt één van de spelers in een
machtige positie geplaatst. We onderzoeken twee verschillende vormen van macht:
autoriteit en centraliteit. In het experiment heeft een speler macht door autoriteit
wanneer hij/zij kan beslissen hoe verdiensten over de groepsleden worden verdeeld. Een
speler heeft macht door centraliteit wanneer hij/zij een centrale positie in een netwerk
bekleedt. In dit geval verbindt de centrale speler de anderen. Om centraliteit mogelijk te
maken, hebben spelers de mogelijkheid om groepsleden uit te sluiten. Als de centrale
speler wordt uitgesloten valt de groep uit elkaar, waardoor er minder mogelijkheden zijn
om samen te werken. Uitsluiting biedt ons ook een extra kanaal om te zien hoe
groepsleden op machtsverhoudingen reageren.
We vinden dat machtsverhoudingen invloed hebben op samenwerking binnen
groepen, maar de effecten zijn afhankelijk van de specifieke machtsvorm. Spelers met
autoriteit gedragen zich vaak meer coöperatief dan degenen zonder macht. Dit is in
overeenstemming met eerdere literatuur over het effect van leiderschap op coöperatie.
Echter, deze vorm van macht wordt niet geaccepteerd door spelers zonder macht:
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spelers met autoriteit worden veelvuldig uitgesloten door groepen. Dit staat in scherp
contrast met de effecten van centraliteit. In dit geval maken centrale spelers gebruik van
hun positie en gedragen zich minder coöperatief dan degenen zonder macht en dit wordt
getolereerd door degenen zonder macht.
Sommige mensen worden gemakkelijk kwaad wanneer een ander ze slecht behandeld.
Maar, woede is kostbaar: wanneer mensen kwaad op een ander worden zijn ze vaak
bereid om de ander iets aan te doen, zelfs als het kostbaar is voor henzelf. Waarom
worden sommige mensen dan toch kwaad? Een mogelijke verklaring is dat woede
dreigementen geloofwaardig maakt, zelfs wanneer het kostbaar is om deze uit te voeren.
In dit geval, brengt woede mogelijk ook baten met zich mee. Als iemand kan zien dat je
kwaad wordt zal diegene je wellicht beter behandelen. Een cruciale aanname is dat
mensen van te voren kunnen inschatten hoe een ander zal reageren. In hoofdstuk 4
onderzoeken we of mensen dit kunnen.
Hoofdstuk 4 beschrijft een experiment waarbij mensen moeten inschatten hoe
een ander zal reageren in een onderhandelingssituatie: het ultimatum spel. In dit spel
moeten twee spelers een geldbedrag verdelen. Een aanbieder kan een eenmalig voorstel
(een ultimatum) doen hoe het bedrag verdeeld wordt. Als de ander, de ontvanger, het
voorstel aanvaardt, wordt het bedrag verdeeld zoals voorgesteld door de aanbieder. Als
de ontvanger het voorstel afwijst krijgen beide spelers niks. Het ultimatum spel is
bijzonder geschikt voor onze onderzoeksvraag. Voor de ontvanger zou het gunstig zijn
als hij/zij zich geloofwaardig kan verbinden aan het afwijzen van lage bedragen.
Immers, als de aanbieder dit kan anticiperen zal hij/zij geneigd zijn een hoger bedrag
aan te bieden. Daarnaast laten eerdere studies zien dat negatieve emoties zoals woede
een rol spelen in het afwijzen van lage bedragen in het ultimatum spel.
In het experiment beoordelen deelnemers foto’s en video’s van ontvangers in
een ultimatum spel. Deze foto’s en video’s zijn gemaakt voordat de ontvangers wisten
dat ze een ultimatum spel zouden spelen. Ze krijgen steeds twee foto’s of video’s te
zien: één van een ontvanger die een laag bedrag heeft afgewezen en één van iemand die
hetzelfde bedrag heeft aanvaard. De taak is om in te schatten wie het lage voorstel heeft
afgewezen. In deze studie vinden we dat mensen beter dan kans kunnen inschatten wie
het lage voorstel heeft afgewezen. Door middel van software die gezichtsexpressies
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analyseert bepalen we hoe kwaad ontvangers worden bij het zien van een laag voorstel.
De resultaten laten zien dat ontvangers die lage bedragen afwijzen én zichtbaar kwaad
worden met name goed zijn in te schatten, ondanks dat degenen die de inschatting
maken deze emotionele reactie niet te zien krijgen.
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