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Chapter 1
Introduction
This thesis presents four essays regarding the role of emotions and their influence on
decision making as well as the dynamic development of attachment between interacting
parties. If every chapter has been written so that each of them can be read independently
(which may entail some redundancies), they are all interested in the behavioral and neural
processes underlying social decision making. More precisely, the first three chapters are
interested in how social ties are created and evolve in anonymous laboratory interactions.
This investigation is done at the theoretical, behavioral and neural levels such that it offers
a quite complete view of how social ties are formed and how they guide decisions in
repeated social interactions. The fourth and final chapter explores the use of verbal
feedback as a tool to increase cooperation and the underlying role played by emotions in
this environment.
Social ties are affective bonds that emerge between interacting agents, making them
care about the fate of each other and thus influencing their future actions. These bonds can
only arise through the occurrence of a social interaction and are influenced by the feelings
triggered by the interaction. As a consequence, social ties can be positive or negative
depending on experienced emotions and the satisfaction derived from the counterpart’s
behavior. The “need to belong” (Baumeister and Leary, 1995) has been shown to play a
preponderant role in human life and appears as one of the principal motivations underlying
our social behavior. However, social ties have been only marginally studied by economists
even though they may be highly relevant to explain social and economic repeated
interactions. Indeed, economically relevant situations as diverse as team work,
neighborhood life, oligopolies or customer-seller relationships are all susceptible to the
development of bonds between the parties involved. The latter can be illustrated by a quote
from the song “Affreux, bête et dangereux” (“Dreadful, stupid and dangerous”) from
French rapper Ekoue: “Les sociologues, les politologues qui viennent chez nous pour
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acheter de la drogue appellent ça créer du lien social” (which could be translated by
“Sociologists, political scientists who come in our neighborhoods to buy drugs call it
creating social ties”). This is indeed an illustrative example of the definition of social ties:
the occurrence of an interaction (here, an economic exchange) gives rise to contact
between previously anonymous persons and may create a social tie between the interacting
parties. Also flowing from this definition, the quality of the attachment (positive or
negative) of each party toward the other will depend on how satisfactory he found the
interaction and it may thus not be symmetric, as implicitly suggested by the quote.
Situations in which it is in the interest of the group to cooperate and share the
benefits of cooperation but where each individual has in the meantime an incentive to
enjoy these benefits without suffering the costs of cooperating are called social dilemmas.
The common ground of this thesis is the very simple conflict between individual and social
incentives implied by social dilemmas. Public good games, as a generalized form of the
prisoner’s dilemma game, offer us such a framework. As simple as this game can be, it
offers a very rich and almost infinite field of research as the more answers we seem to
gather, the more questions arise. A lot of behavioral evidence has been gathered by
researchers in laboratory settings and several empirical regularities have emerged (Ostrom,
1995; Ledyard, 1995; Chaudhuri, 2011). Most importantly, it appears that, contrary to what
standard game theory1 predicts, individuals contribute initially a significant part of their
wealth to the public good (even if repeatedly matched with strangers) before that a
progressive decline in contributions takes place. Many tools have been tried in order to
increase cooperation levels, such as costly punishment (Fehr and Gächter, 2000) or reward
(Sefton and Steinberg, 1996), symbolic sanctions (Masclet et al., 2003), pre-play
communication (Bochet et al., 2006), group leadership (Güth et al., 2007) or the
endogenous selection of counterparts (Page et al., 2005).
In order to tackle the failure of standard game theory in predicting the fact that
individuals are indeed cooperating, even in one-shot settings, researchers started to develop
theories including different types of preferences, which are gathered under the broad label
of “social preferences”. These preferences are modeled through interdependent utility
functions, meaning that one values, positively or negatively and conditional on different
factors, the well-being of the other person(s) that one interacts with (Sobel, 2005). Models
have been developed to reflect very different motives driving social preferences such as,
1

Throughout this entire thesis, we will use the expression “standard game theory” to refer to game theory
that assumes only purely selfish and rational agents who are not constrained by any cognitive limitations.
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for example, reciprocity (Rabin, 1993), inequality aversion (Fehr and Schmidt, 1999;
Bolton and Ockenfels, 2000), efficiency (Charness and Rabin, 2002), or guilt aversion
(Battigalli and Dufwenberg, 2007)2. These models are all assuming that social preference
are based on stable traits and embrace a very ‘cognitive’ beliefs-related approach of human
behavior in social dilemmas.
A different way of modeling the way we interact with other persons is to use
interdependent utility functions that formalize the development of affective attachments
between interacting parties. How do we come to care about strangers we interact with? A
very simple mechanism would be that we start to attach a weight to the well-being of
others as a function of how satisfied we are with the interactions we had with them. A first
theorization of the development of social ties in public good environments has been
developed by van Dijk and van Winden (1997). The underlying idea is that our attitude
towards others is building along the occurrences of interactions, thus being intrinsically
dynamic. This attitude can either be positive (e.g. friendships) or negative (e.g.
antagonistic relationships in bad neighborhoods), need not to be symmetric (e.g. nonreciprocal love) and is evolving based on how the individual felt about the interaction. In
the end, our feeling toward the other will guide our actions when our decisions have
consequences for the considered person.
We used the word feeling here as the literature assigns an important role to
emotions, making it one of the driving forces behind social attachment. The formalization
of an economic agent as a homo economicus attributes to the decision maker infinite
reasoning and computing capabilities, allowing him to always choose what is best
according to his preferences in all environments and situations. The dominance of such a
theory that defines agents as “cold” and rational decision makers may explain why
emotions have been absent of most theories of economic behavior until quite recently.
However, more and more research is now done in order to uncover the emotional
determinants of behavior. If this line of research started by focusing mainly on individual
decision making through the development of theories like regret theory (Loomes and
Sugden, 1982) or loss aversion (Tversky and Kahneman, 1992), researchers have now
started to incorporate emotions into their theories of social decision making (e.g. guilt
aversion, betrayal aversion, lie aversion). More empirically, the role played by emotions in
social dilemmas has been investigated, especially in games allowing punishment and
2

For a more detailed review of the literature concerning social preferences models, see the introduction of
Chapter 2.
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retaliation (see for example Hopfensitz and Reuben, 2009). Our work will consider the role
of emotions both empirically as well as when developing a formal model of the dynamic
development of social ties.
As its title suggests, this thesis employs different methodological tools to
investigate the role of emotions and social ties in public good games. Behavioral
experimental procedures are used throughout this thesis and all the data presented here
were collected inside the laboratory. This allows us to fully control the environment where
agents were making their decisions and to control for the degree of anonymity between
them. In Chapters 2 to 4, we specifically consider social ties built in the laboratory between
anonymous counterparts and are not interested here in already existing relationships. As
we also want to investigate the impact of emotions on decisions, we used self-reports to
measure them. Even though they are not often used in economics, self-reports on emotions
appear to be quite a valuable tool to measure them compared to other more invasive
techniques. Several researchers showed that they were reliable and, for some complex
social emotions such as shame or guilt, unavoidable (Adolphs, 2002; Tangney and
Dearing, 2002; Ortony et al., 1988).
If behavioral laboratory experiments are now widely accepted as part of the
methods to be employed to gather data on economic behavior, the use of neuroscientific
tools to investigate the neural underpinnings of decision making is still far from being
recognized as valuable by economists. The development of economic studies using
functional Magnetic Resonance Imaging (fMRI) raised an intense debate among
economists where quite extreme positions have been taken about what neuroeconomics is
and could bring in the future3, both from the critical and the more praising sides. For
example, Gul and Pesendorfer (2008) reject any potential use of neuroscientific tools for
economics “because the latter make no assumptions and draw no conclusions about the
physiology of the brain” (op. cit., p4) and seem to discard any pluridisciplinary work
between psychologists and economists since “Economics and psychology address different
questions, utilize different abstractions, and address different types of empirical evidence”
(op. cit., p4). More practically, others have been criticizing the methods and statistics of
neuroeconomics without denying its future potentialities (Harrison, 2009). On the other
side of the spectrum, Camerer et al. (2005) argue that “advances in neuroscience now make
direct measurement of thoughts and feelings possible for the first time, opening the ‘black
3

For an overview of this debate, see for example Rustichini (2005), Bonanno et al. (2008), Fehr and Rangel
(2011) and Pelloux et al. (2009; in French).
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box’ which is the building block of any economic interaction and system —the human
mind” (op. cit., p53). The content of this thesis as well as the background of the authors
involved in some of the chapters indicate that we value pluridisciplinary work and that we
believe that psychologists and economists can learn from each other, both at the conceptual
and methodological level. However, we distance ourselves from the view that neuroscience
enables us to read “thoughts and feelings”.
First of all, we see neuroeconomics as an additional source of evidence concerning
economic decision making and its underlying motivational processes. Some economic
models of choice do make assumptions about the latter and we think that neuroeconomics
can gather evidence that can instruct these models. Second, thinking that neuroeconomics
is useful does not mean that we should abandon behavioral experiments. We should have a
very precise idea about how subjects behave in a given environment before wanting to
consider the neural mechanisms supporting their decisions.4 It seems to us necessary, in
order to generate relevant

hypotheses about the psychological and neural processes

underlying decision making, to refine as much as possible our knowledge about the causes,
motivations, thinking processes, environmental characteristics and individual differences
that engenders the observed behavior. The absence of such a preliminary behavioral work
could lead to misinterpretation of neural activation patterns and wrong conclusions.
Finally, we acknowledge that researchers need to be very cautious about the interpretation
of their results, especially when they concern such high-level neural processes as the ones
required for making economically relevant decisions. The difference should be made clear
to the reader between what constitutes the data and the extrapolations and conjectures that
are made on the basis of these data.
Chapter 2 starts by extending the theoretical analysis of social ties developed by
van Dijk and van Winden (1997). We expand the model by including a probabilistic choice
mechanism and, more importantly, by allowing agents to plan ahead. This second feature
adds a more strategic dimension to the model and allows for cooperation from agents with
selfish preferences. The main goal of Chapter 2, though, is to confront this behavioral
model of choice to data gathered in the laboratory. To that purpose, we will use data from
different public good experiments that have different characteristics in terms of game
structure and number of parties involved. Our empirical objectives are twofold in this
4

This is indeed how we proceeded since many behavioral experiments related to the development of social
ties in economic games have been run (see Chapter 2 for a review of these previous works and another
analysis) before our investigation of these problems at the neural level in Chapter 3 and 4.
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chapter. We first estimate the social tie model both at the group and individual level and
show that it has explanatory power over the data and that social ties are indeed developed.
These results suggest that history is an essential part of the determinants of preferences,
that some reciprocity takes place and that about half of the subjects are indeed forwardlooking. Second, we generate individual predictions in order to track dynamic changes
from round to round in contribution decisions. The performance of the model appears
surprisingly good as it is able to track very complex dynamic patterns of contributions.
This is true both for games played in pairs and in groups of four players, where the
decision-making processes are much more complex. Chapter 2 thus shows that a simple
and tractable model of social preferences that is psychologically grounded can account
very well for dynamic behavioral patterns in repeated public good games.
Following this behavioral approach and in order to combine different sources of
evidence, Chapters 3 and 4 investigate the neural mechanisms underlying behavior in these
experiments. In Chapter 3, we examine how individual differences in trait empathy and
interpersonal ties modulate neural responses to imposed monetary sharing. First, we find
that sharing prompted activation of neural systems associated with reward (striatum) and
empathy (anterior insular cortex and anterior cingulate cortex) only after the occurrence of
an economic interaction, but not before. We thus extend previous results (Singer et al.
2004; 2006) and show that empathic neural responses occur after some contact between
parties, notwithstanding the limited emotional intensity that an anonymous economic
interaction can elicit. Second, sharing also provokes activations in areas associated with
altruism and social significance (posterior superior temporal sulcus, pSTS) that are
correlated with interaction success as well as post-experiment liking ratings of the
interaction counterpart. Finally, we show that only tie-related activation predicts prosocial
behavior during subsequent interaction while empathy-related activation fails, suggesting
the pSTS as a neural substrate for keeping track of social relevance.
These results helped us to generate hypotheses concerning the neural underpinnings
of dynamic contributions in public good games. In Chapter 4, we use a model-based fMRI
approach to examine the neural correlates of the theoretical model presented in Chapter 2
and try to confirm the role of the pSTS suggested in Chapter 3. We find that at the moment
of choice, activity in the bilateral pSTS and temporo-parietal junction (TPJ) correlates with
the dynamic estimate of the social tie, supporting the role of these regions in social tie
formation. In addition, activity of the medial prefrontal cortex (mPFC; associated with
6
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higher cognitive functions like goal planning and long-term decision making) correlates
with the contribution decision in the public good game. Moreover, we gather support for
the idea that feelings are involved in the tie formation mechanism: when feedback was
provided, the cooperativeness of the other’s action is encoded in regions previously
implicated in reward-based emotions and especially in affective reactions in social settings
(striatum, anterior insula, ACC, pSTS and TPJ). Finally, we found functional connectivity
between the pSTS and the mPFC, suggesting that the representation of social ties is
integrated in the decision process. Thus, we were able in Chapter 4 to find neural correlates
of all the parameters of our theoretical model of social preferences. We found coherent
results with evidence from a different task about the role played by pSTS in tracking social
ties but also that this signal is used when subjects were making decisions about their
contribution, as suggested by our theoretical model.
Finally, Chapter 5 investigates the potential use of verbal communication as a
feedback tool to sustain cooperation in public good games. If our daily lives tell us that it is
natural to reward or punish others using communication, very few researchers have
actually tackled this problem. Even less studied are both the impact of verbal feedback on
the dynamics of decision making and the emotional mechanisms involved in these
dynamics. Because of its high emotional load and low cost compared to monetary
punishment, we saw verbal feedback as a potentially successful mechanism in order to
raise prosocial behavior, as suggested by previous results in different games (Xiao and
Houser, 2005;2009; Ellingsen and Johannesson, 2008). We find verbal feedback to be of
limited effectiveness compared to monetary punishment. It appears able to maintain a
higher level of cooperation (compared to the absence of both communication and
punishment) for a time but not to maintain it on the long run. Interestingly, guilt
provocation appears to be fostering cooperation but this effect disappears on the long run.
On the other hand, generating angry reactions was harmful to cooperation. The decay in
cooperation after some periods of play is explained by the loss of effectiveness of
messages in provoking guilt at that time whereas angry reactions are more and more
present.
This thesis combines several methodologies to investigate the determinants of
behaviors in repeated public good games. We showed that dynamic social preferences
modeled as developing affective ties between parties were performing well in predicting
contribution behavior in public good games. Moreover, using an ambitious model-based
7
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fMRI approach, we were able to track the neural substrates of the parameters of our
theoretical model and to find consistent neural correlates of social ties between different
tasks, pointing at a network that is involved in the decision making in such public good
environments. This thesis also sheds new lights on the impact of verbal feedback on
cooperative behavior and on its underlying emotional processes.
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Chapter 2
On the dynamic development of social ties:
theory and application1

2.1 Introduction
Much attention has been paid recently by researchers in various fields to try to find
possible explanations to observed behaviors that seem to conflict with the predictions of
the standard homo œconomicus theory - which assumes perfectly rational and selfish
agents. Both strategic and non-strategic reasons have been advanced to explain these
empirical facts in a social context. For example, the incentive to invest in reputation
building (Kreps et al., 1982; Camerer and Weigelt, 1988; McKelvey and Palfrey, 1992) is
part of the strategic factors that could foster cooperation in repeated games: it is in one’s
interest to forego short-term gains in order to reach higher long-term payoffs and, by
playing as if one was a cooperator, one serves his own interest. Especially in the case of
infinitely repeated games, it has been shown that many outcomes could actually be an
equilibrium, especially through the existence of threats (i.e. the often called “folk
theorem”; see for example Rubinstein, 1979). Thus, according to this line of reasoning,
observed cooperation (or at least part of it) would be in line with narrowly selfish
preferences. On the other hand, non-strategic reasons have been put forward in the
literature and gave rise to the development of new forms of preferences. Gathered under
the broad label of “social preferences”, these models assume interdependent utility
functions of various forms, meaning that one’s utility is also depending on the utility (or at
least payoff) of the individuals one is interacting with. Some of these models are based on
purely distributional preferences meaning that the choice of an action is made simply based
on the different distributions of income that are available to the decision maker,
1

The research in this chapter is based on joint work with Nadège Bault, Johannes Fahrenfort, Richard
Ridderinkhof and Frans van Winden.
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independent of how these options were made available to the agent. Examples of such
preferences can be found in Fehr and Schmidt (1999), Bolton and Ockenfels (2000),
Charness and Rabin (2002) or Kirchsteiger (1994). Even though such models can explain
some reciprocal behaviors, they do not take explicitly into account what led the decision
maker to face the choice set that he is facing. A special case is Levine (1998), who
assumes that people want to be kind to intrinsically kind people and unkind to intrinsically
unkind people. In that sense, utility is not only based on outcomes but also on the identity
(type) of the counterpart. But given that he has incomplete information on the type, the
agent will thus have a tendency to place higher weights on the gains of people who play
nicely, since playing nicely acts as a signal for intrinsic altruistic preferences.
On the other hand, a lot of models are implementing preferences directly built on
reciprocity, that is answering an (un)kind act by a costly (un)kind action. Sobel (2005)
separates two different types of reciprocity. “Instrumental reciprocity” encompasses the
kind of strategic behaviors described above: no change in inherent preferences is needed as
such behaviors simply result from an optimizing process due to the long-term feature of the
considered interaction. On the other hand, he argues that preferences might contain what
he calls “intrinsic reciprocity”, a genuine taste for reciprocity where preferences depend
both on outcomes as well as on strategies. For example, Rabin (1993) lets utility be
context-dependent, thus being a function of both the distributional outcomes available and
the strategies used to arrive at the decision node. Other examples of reciprocity models can
be found in Cox et al. (2007), Falk and Fishbacher (2006) and Dufwenberg and
Kirchsteiger (2004).
Interestingly models describing purely distributional preferences assume that these
preferences are stable. In an environment of repeated games, no time or history
dependence is included. As acknowledged by some of these researchers themselves, “an
obvious limitation of our model is that it cannot explain the evolution of play over time in
the experiments discussed. Instead, our examination aims at the explanation of the stable
behavioral patterns that emerge in these experiments after several periods.” (Fehr and
Schmidt, 1999; p 851) Aside from the immediate question about the existence of such
“stable behavioral patterns” after several periods2, the question of how do players reach a
cooperative or a competitive equilibrium is interesting and far from trivial. Concerning
2

Even if this may depend on games and contexts, a quick glimpse at the individual patterns of contribution
(see Figure 2.2) in the public good experiment of Fahrenfort et al. (2012) makes clear that such stable
patterns are far from being always reached.
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reciprocity models, their complexity caused by their reliance on psychological game theory
as well as the very often observed presence of multiple (and sometimes unreasonable)
equilibria have been pointed by some researchers (for a survey, see Fehr and Schmidt,
2006). Furthermore, it should be noticed that Levine (1998) focused on the last period of
play when confronting his model to data (among which are public good games), “after the
players have had time to learn an equilibrium” (op. cit., p599). In that sense, he is also not
interested in the dynamics in repeated interactions where parties are identifiable (e.g. using
partner matching procedures). Another more general problem has been pointed by Sobel
(2005): “The most basic problem is the specification of α [the weight put on other’s
payoff]. Charness and Rabin (2002), Martin Dufwenberg and Georg Kirchsteiger (2004),
Falk and Fishbacher (2005), and Rabin (1993) present explicit functional forms for α, all
motivated by plausible intuitive arguments and appeals to selected experimental evidence,
but no one has described observable behavioral assumptions on α that best describe
behavior.” (op. cit.; p409) One of our goals during this chapter is to present a theoretical
model that will try to explain “the evolution of play over time” by having the variable
measuring the attitude toward the other depending both on past history and on the
strategies used by the counterpart.
In a simple tractable model van Dijk and van Winden (1997) proposed a
formalization of the development of affective ties between players. Focusing on the
problem of private provision of public goods, they proposed that social ties, simply
modeled as the weight attached to another individual’s well-being in one’s own utility
function, depend on the dynamics of provision from the players. These ties are thus based
on the past history of contributions and will evolve towards positive, null or negative
values depending on the extent to which the agent finds the interaction satisfactory.
Moreover, the way that this history is taken into account in the development of ties is
modulated by individual parameters reflecting affective processes as their model also aims
at describing the emotional mechanisms hidden behind these social preferences and their
evolution. Economists already took into account the impact of emotions in individual
decision making, especially when modeling decision-making under uncertainty (see for
example models on regret (Loomes and Sugden, 1982) or loss aversion (Tversky and
Kahneman, 1992)). However, it has been absent of most behavioral models of social
decision making until very recently (some of the exceptions are Battigalli and Dufwenberg,
2007; Loewenstein and O'Donoghue, 2007; van Dijk and van Winden, 1997; van Winden,
2001). The social ties model already received indirect support through several behavioral
11
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experiments. First, van Dijk et al. (2002) showed that their discrete measure of social ties
was significantly influenced by the success of the interaction (measured by contribution
levels or earnings) in a public good game played in pairs. Sonnemans et al. (2006)
replicated this finding in four-player groups. They indeed found that a subject developed
different social ties with different counterparts and that these differences depended on
individual contribution behaviors. Finally, Brandts et al. (2009) gathered evidence from a
prisoner’s dilemma game that emotions were mediating the effect of the interaction on
social ties.
The goal of this paper is twofold. We first extend the previous model (van Dijk and
van Winden, 1997) and allow it to embed several canonical models of preferences (Section
2.2). The most important feature of this formalization of preferences resides in the fact that
they are dynamic. Preferences will change according to what happened during the
interaction. This will allow us to formulate predictions about the dynamics of behavior, an
impossible task for social preferences models purely based on distributional concerns (like
inequality aversion, preferences for efficiency, etc…). As they are formulated now3, these
models would not be able to track period-to-period changes in behavior. This also applies
to reciprocity models as they are most of the times used to model second movers’ behavior
in sequential games but do not make any specific dynamic predictions for repeated
simultaneous games. Moreover, the individual parameters underlying the development of
ties are representing personality traits that, we think, are more basic than social
preferences4, which should allow for a better stability in changing environments.
To extend our model, we first consider the inclusion of bounded rationality through
a probabilistic choice mechanism. Indeterminacy of behavior is getting more support from
researchers of different fields (for a survey see Glimcher, 2005) and we think that this is a
valuable approach. Second, we include the possibility of limited foresight for individuals.
This assumption rests on several experimental results. It has been shown that most
individuals were not using (full) backward induction (Johnson et al., 2002), as it is
assumed by traditional game theory. Without assuming that agents do not plan at all
(results from Bone et al. (2009) suggest that this is the case for more than half of their

3

Of course, one can think about modifications of these models to introduce a dynamic component in it. It
might be more difficult to do so by having the social preference parameters changing over time since such
preferences often appear as a personal trait rather than a latent variable as in our model. Implementing an
expectation mechanism could be one way of doing so.
4
Even though the nature of certain social preferences appears to be, at least to some extent, innate. See for
example Matthews et al. (1981) or Rushton (1991).
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subjects) it seems as improbable that all individuals are able to reason backward from the
last stage of the game. Level-K models (like Camerer et al., 2004) are examples of models
assuming limited cognitive abilities for agents. Assuming this kind of mechanism is
equivalent to state that agents are not reaching the last step of backward induction.
The second goal of this chapter is to estimate this model on several data sets of
repeated public good games using a partner matching procedure (section 2.3 and 2.4). We
apply the model to three different datasets. As showed by Bone et al. (2009), some subjects
appear to be forward-looking while others are myopic. In order to take into account this
problem and allow for different types, we implemented a mixture-model approach for the
estimation of our first dataset; taken from Fahrenfort et al. (2012; see Chapter 3). Results
show that the model is able to explain round-to-round changes in contributions or at least
general trends in behavior. We also show that a majority of subjects develop ties with their
counterpart, thus rejecting the standard homo œconomicus hypothesis. The model also
performs better than chance in an “out-of-treatment” prediction where subjects had to
choose allocations of money. The second dataset, taken from van Dijk et al. (2002), is also
a repeated public good game played in pairs and results confirm what we observed from
the first dataset. The third dataset (from Sonnemans et al., 2006) also concern a repeated
public good game. However, this time, it is played in fixed groups of four subjects. This
more complex environment does not lower the model predictive power and we are still
able to predict well round-to-round contributions.
In section 2.2, we will give our definition of social ties and present a formal dualprocess model of their development. Section 2.3 will present the main estimation task
based on the Fahrenfort et al. (2012) data. Complementary analyses on the same dataset as
well estimation on other datasets will be presented in section 2.4. Finally, section 2.5 will
conclude and consider perspectives for future research.

2.2 A Theoretical Model of the Dynamic Development of Social Ties
2.2.1 Social Ties
A lot of evidence from psychology (for a survey, see Baumeister and Leary, 1995) showed
that the search for interpersonal attachment is one of the most important elements of
human motivation. Evolutionarily sensible (e.g. as a way to fight external threats or to
enforce trusting behavior), the question on how people develop affective ties have receive
little scrutiny, especially in terms of economic modeling. Before going further, we need to
13
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specify what we mean by social tie. We use here the definition given by van Winden et al.
(2008; p 128): “a social tie refers to a caring about the interests of a specific other person,
based on feelings experienced while interacting with that other person.” First, the fact that
a tie is individual-specific means that an agent will develop an individualized relationship
with every other person he interacts with. Thus, he may develop different attitudes towards
different agents depending on how the interaction unfolds. This is a different view from the
one proposed by outcome-based models which place all other individuals on the same
ground and where social preferences do not rest upon the identity of counterparts. Second,
we restrict our definition of social ties only to the environments where an interaction takes
place. This differentiates this concept from others like sympathy or empathy that do not
require the actual occurrence of an interaction. Whereas you may feel empathy just by
observing or thinking about another person’s situation, you would have to interact in some
way with this person in order to develop a specific affective attachment. Following this
definition, the social tie one develops with another person can only arise if an interaction
takes place, i.e. if actions are perceived and if the other person is identifiable. This
definition is also in line with results from Goette et al. (2012) who showed that there was a
difference in behavior between groups formed using the minimal group paradigm and
groups which had real social interactions.
Finally, we assume that this attachment rests on the emotions that you felt while
interacting. This implies that you cannot strategize over your social tie, meaning that you
cannot just choose your attitude toward the other in a certain desired direction. We want to
concentrate here on the first emotional appraisal of a situation, contrary to social
preferences models based on beliefs about the intentions or the type of the opponents,
where more emphasis is put on the cognitive side of decision making5 (see for example
Levine, 1998). As a consequence, one could think of our social ties model as the emotional
approach to a problem that belief-based models tackle through cognition: finding out if the
other is a friend or a foe. This view is stimulated by the works of Zajonc (1984) and others
arguing in favor of the primacy of affect and the fact that emotional responses appear to
occur without necessarily involving cognitive appraisal. Even though this view may seem
extreme in the case of the environment and decision-making problems that we are
interested in here, we can use this dual-process idea to our modeling approach. As Ledoux
(1997) puts it, “cognition also contributes to emotion by giving us the ability to make
5

However, we could imagine that perceived intentions are entering the model through their influence on the
reference point that agents use to gauge the kindness of the other. See below.
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decisions about what kind of action should occur next, given the situation in which we find
ourselves now. One of the reasons that cognition is so useful a part of the mental arsenal is
that it allows this shift from reaction to action.” This is exactly the approach that will be
adopted to model social ties: while preferences will be determined emotionally and out of
conscious control by what happened in the past, cognition will then kick in in order to
make the best possible decision according to these preferences.
We can also anchor our definition to a more recent literature showing a significant
difference between decisions from description and decisions from experience (for a survey,
see Rakow and Newell, 2010). If most of these studies focused on individual decisionmaking under uncertainty, they found striking differences in behavior: for example,
whereas under description, risk seeking for gains and risk aversion for losses are the most
commonly observed behavior for low probabilities, it appeared to be exactly the opposite
when subjects had to collect information through experience. More than just differences in
behavioral responses, Rakow and Newell (2010) argue that experience-based and
description-based choices may trigger very different processes in terms of information
treatment (acquisition, representation, weighting and integration). It also has been shown
that people’s choice are sometimes at odds with their judgments and representations (for
example Barron and Yechiam, 2009). More directly linked to our social decision-making
context, Denrell (2005) showed that the formation of social impressions (and thus the
desire to continue or not an interaction) was greatly impacted by the sequential sampling of
experiences. All these results point towards the importance, in terms of preferences and
decision making, of both emotional responses generated by experience and dynamic paths.
As mentioned earlier and as described next (section 2.2.2), our model assumes
dynamic preferences. Contrary to many models, the “kindness” or “spitefulness” of an
agent is not a fixed trait but the weight he puts on the well-being of the other will fluctuate
through the interaction. An agent may develop a bond with his counterpart based on
successive cooperative plays but, after an unkind move, may feel betrayed and engage in
antisocial behavior because of a negative tie. The parameters of our model are thus
reflecting history retention (the number of periods of play influencing the social tie) and
emotionality (the extent to which an emotional impulse will influence the social tie), traits
that we believe to be more basic compared to social preferences. This could also make
them more stable between different environments compared to more evolved traits
reflecting complex social preferences but of course, this remains an empirical question. In
15
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our model, the changes of attitude of an agent toward another according to his behavior
might be modulated by these individual traits. For example, an agent might experience a
small deviation from a norm as an outrageous move while another might be hardly moved
by it. The same holds for the influence of history.
To sum up, our model assumes that agents will experience emotions based on their
emotional appraisal of the quality of the interaction. These emotions will then influence
their attitude and attachment towards the other agents they are interacting with. As a
consequence, this attitude may change along with the interaction. All these components of
the definition give to the resulting social preferences an “individualized, historical, and
context dependent content” (van Winden et al., 2008; p126).
2.2.2 The Formal Dual-Process Model
The first version of the formalization of dynamic social ties in the framework of public
good contributions appeared in van Dijk and van Winden (1997). We present here a
linearized version of this theoretical model and extend it in two directions by including a
probabilistic choice mechanism and (limited) foresight6. In this presentation of the model,
we are implicitly considering the framework of analysis to be the private provision of
public goods but are trying to stay as general as possible. We assume that the game is
played repeatedly for T periods in groups of N players. The utility of an agent in one
period7 is defined as follows:
=
where

+

.

(2.1)

is the agent i expected utility in round t, which depends both on

the utility he expects to get from period t and t+1, respectively. The parameter

and

,

∈ 0; 1

is the discount factor applied to the utility expected from next period by agent i. Thus,
agents have limited foresight since they will maximize their utility only over the two
coming periods of play. Notice that an agent with

= 0 is myopic since he does not

consider the utility he will get from the next period.

6

For justifications of these extensions, see the introduction (section 2.1)
A period refers here to a repetition of a simultaneous game, as in the public good framework. It can also be
thought, of course, as a decision node in a sequential game.
7
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The expected utility from each period is simply defined in the following linear way:
=
where

+

.

is agent i payoff from the game in period t and

(2.2)
is the social tie that agent i

has developed with agent j in period t.8 We model this social tie simply as the weight in
one’s utility to the payoff received by the considered counterpart. This weight can be
positive, null or negative. One might consider the limitation of its absolute value to 1
(which is the weight of one’s own payoff) a reasonable assumption: occurrence of
individuals valuing more the well-being of another person than their own may arise only in
very specific situations (e.g. heroism, kin relationships, etc…). However we do not put any
limitation to it in our model, leaving this door open.
The dynamics are appearing in the model through the definition of the social tie
formation mechanism:
=
where

.

+

is the “tie persistence” parameter,

.

(2.3)

is the “tie proneness” parameter and

is

the emotional impulse for player i caused by player j in period t-1. The history of play is
introduced through

∈ 0; 1 , a memory related parameter, which captures the

persistence of the previous tie and determines the number of periods of play that will
∈ 0; 1 , related to emotionality, captures the

influence behavior. The parameter

emotional impact of the impulse generated by counterparts’ behavior. This impulse,

,

is defined as the last action taken by the other player compared to some reference point. In
our public good game setting, the impulse function is simply:
=
where

−

"#$

is the contribution made by the player j in round t and

(2.4)
"#$

is the reference

level for round t. We do not constraint the type of reference and many options are worth
considering: among others can be cited an arbitrary fixed norm, the Nash equilibrium of
the static game, the expectation about other’s behavior or one’s own behavior. It can thus

8

It should be noticed that this individualization of the social tie is possible only if the necessary information
about the behavior of the counterparts is provided to the subjects. Otherwise, they will simply develop a
unique tie towards the group, without being able to discriminate between players.
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be fixed as well as dynamic. Notice also that we need to model the way expectations
concerning the next period (t+1) contribution(s) of the other player(s) are formed by
forward-looking agents. As further discussed below (Section 2.3.3.), this mechanism is a
function of the current choice of contribution and thus assumes that agents expect some
reciprocity.
Consider the simple case of a two-player game. An agent will consider some action
as a reference. He will then observe the action chosen by the other agent and will compare
it to his reference. This comparison is what we call the emotional impulse. An action
perceived by the agent as kinder than his reference will generate a positive impulse and
will increase the social tie. On the other hand, an action perceived as less kind than the
reference will trigger negative emotions and will lower the social tie (eventually to
negative values). Thus, the social tie an agent will develop towards another can be seen as
a stock variable of the emotional impulses triggered by the interaction. The strength of the
impact of one impulse on the tie is determined by

(which can be interpreted as an

“emotionality” parameter) and the persistence of this impact on the tie is captured by
(which can be thought as a “memory” parameter). We can also point out that reciprocity is
introduced in the model through the tie proneness parameter. Indeed, if

= 0, the

counterparts’ behavior do not enter the tie and the utility function. On the other hand, a
positive value of the parameter will increase the tendency of the agent to reciprocate:
unkind actions from the other will trigger negative ties that will push the agent to try to
lower the other’s payoff while kind actions will generate a positive tie and will entail more
generous decisions from the agent. As mentioned in the previous section, the tie
mechanism described in equation 3 constitutes the affective part of our dual-process
model. Direct cognitive control can be exercised neither on the emotional impulse nor on
the social tie. These variables cannot simply be chosen on purpose by the agent to achieve
a certain goal. Preferences are formed through emotional reactions triggered in an
“autonomic” way by the interaction.
Moving to the cognitive part of the model, we implement a probabilistic choice
mechanism using the traditional logit form. The choice probability of each action is
determined by:
&' =
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where & ' is the probability that agent i chooses action k (. ∈ 1; / ) in round t (0 ∈
1; 1 ). The parameter + captures the distance between the agent’s behavior and perfect

utility maximization. When + → 0, every action is equiprobable and behavior is random.

On the other hand, When + → +∞, the agent is choosing with certainty the action

maximizing is utility. The log-likelihood of choosing a certain stream of decisions over the
whole game for a given individual can thus be written:
LogL =

;

:
'

7 ' . ln(& ' )

(2.6)

where 7 ' = 1 when action k is chosen in round t and is null otherwise.
Before going further, we can already see that this model captures various important
features of potential behaviors. First, we saw that, by setting

to zero, agents will not be

forward looking to the next period and will act like myopic individuals. Moreover, it has to
be noticed that this limited foresight gives a more strategic aspect to the model: indeed, if
an agent is forward-looking, he will be able to contribute to the public good for purely
strategic reasons as he expect his own contribution to have a positive impact on the other
players next contributions, without developing any social tie with other agents. This feature
appears very important as it can potentially explain the decay of contributions towards the
end of a finitely repeated game (i.e. the often called “end effect”9). Second, it obviously
embeds the standard selfish preferences model, simply by allowing the values of

=

≠ 0 (for specific or all j),

trend in the tie in between periods of play) and
value of
of

(the

both being null. Third, stable ‘standard’ social preferences can be

initial weight) and of
obtained by having

=

= 1 (so that there is no decaying
= 0 (so that there is no update of the

). The direction of such stable preferences will then depend on the initial value

: spitefulness will occur if

=

< 0 while altruism arises if

=

> 0. Interestingly,

more complex distributional behavior like inequality aversion can also be approached by
our model in some settings. Consider the case of a symmetric public good game where
contributions are costly and assume that agents are taking their own contribution as a
reference. A higher contribution of the agent compared to his counterpart in one period
will not only imply disadvantageous inequality, but also a negative emotional impulse in
9

It has to be noticed that a decrease in contribution at the last period can be due to both the foresight of
forward-looking agents (as there is no longer a next period) and the existence of a sufficiently high negative
impulse in the previous round. However, we will refer only to the first factor when using the term “end
effect”.
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our social tie framework. In both cases, the agent will supposedly decrease his contribution
for the next period. In the same fashion, a lower contribution than the other will create
advantageous inequality and a positive impulse and will thus push the agent towards a
higher contribution in the next round. More generally, the social tie model can capture
phenomena related to direct and indirect reciprocity and in- and out-group distinction (see
van Winden, 2012).
The most crucial feature of this model is that, using a very simple and tractable
formalization, it renders preferences dynamic and allows us to generate predictions about
the evolution of play during an experiment, in contrast to most existing social preferences
models (see introduction, section 2.1). We did not tackle the analysis of dynamic equilibria
since our focus in this chapter is empirical (confront the model to existing data) rather than
theoretical. However, we can still add that van Dijk and van Winden (1997) showed that
when agents are rational (e.g. non-stochastic behavior, corresponding to high values of + ),
myopic and have equal endowments, a unique equilibrium exists with symmetric positive
social ties. This equilibrium is locally stable and yields provisions of public good that are
higher than the equilibrium provisions obtained with selfish preferences. For further
equilibrium analysis for cases where differences in endowments or in preferences over
goods exist, see van Dijk and van Winden (1997).

2.3 Testing the Model on Public Good Game Data
The second goal of this article is to estimate this model on various experimental datasets.
We will restrict ourselves to three experiments including a repeated public good game (for
an extended description of all experimental procedures used during these experiments,
please see Fahrenfort et al., 2012; van Dijk et al., 2002; and Sonnemans et al., 2006). This
section focus on the Fahrenfort et al. (2012) neuroeconomic study since it is the richest
dataset among the three, allowing for a deeper analysis. However, results from the two
other studies are presented in section 2.4.
These datasets will allow us to estimate the model at the group-level. The first two
datasets (Fahrenfort et al., 2012; van Dijk et al., 2002) consist of two-player public good
games and yield very consistent results in terms of parameter values. The third dataset
(Sonnemans et al., 2006) is from a four-player public good game. Parameters are slightly
different in an intuitive way. The second exercise was to generate, based on estimations at
the individual level, dynamic predictions about the development of the game through time.
The model shows an arguably good performance in terms of prediction and appears to be
20
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able to predict quite complex dynamic patterns, both when the game is played with two or
four players.
2.3.1 Experimental Design
In Fahrenfort et al. (2012), a subject in an fMRI scanner was playing simultaneously with a
subject outside the scanner and the two of them completed three consecutive tasks. A
repeated public good game was interleaved between two Distributional Outcome Tests
(DOTs), adapted from the Ring Test (Liebrand, 1984). In this task, subjects observed a
series of 24 choices of allocation of points (later converted into money) between them and
the other (see Appendix 2.A). Two alternatives were presented and one of these was
selected by the computer. Once this choice has been observed, subjects had to indicate if
they agreed or not with the choice of the computer. This decision was not incentivized and
the choice of the computer was the effective one but subjects were told during the
instructions to express their real preferences during the task. These indications (agree vs.
not agree) are the ones used for the “out-of-treatment” predictions (see section 3.2.).
Choices were presented in a random order and always add up to give a null amount to both
players (this was done to keep the amount earned during this task constant among
subjects). No information about the choices made by a subject during the two DOTs was
transmitted to his counterpart, so that the first DOT decisions could not be used as a
signaling tool for the beginning of the public good game. In the first DOT, the other was
presented as a random participant in the experiment. In the second DOT however, the other
was the participant they were interacting with during the public good game. As a
consequence, the difference of attitudes during the two DOTs has to be imputed to what
happened during the public good game.
After the first DOT, subjects played a non-linear public good game for 29 rounds
with the same partner. In each round, subjects were endowed with 12 tokens to split
between a public and a private account. A token in the public account yielded 14 monetary
units (MU) while the value of i markers in the private account was 32*i-i² MU, so the nonlinearity of the game comes from the private account. On top of this, a fix cost of 160 was
subtracted each period. In this configuration, both the standard Nash Equilibrium (a
contribution of 3 tokens to the public account) and the Pareto Optimum (a contribution of
10 tokens to the public account) are interior in the action space (for the payoff matrix, see
Appendix 2.B). This non-linear version, which leaves room for “reward” and
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“punishment”10, was chosen for prediction matters. Indeed, a linear public good game
would have led to “all-or-nothing” predictions depending on the values of the social tie and
of the MPCR. Also, in a linear public good game, any null or negative social tie would lead
to a null contribution whereas in our game, subjects with anti-social and purely selfish
preferences would not select the same contribution level. The same holds for the difference
between agents with a social tie equal to one and agents for whom it is greater than one.
Once both subjects made their decisions, they were asked about their expectation about the
contribution of the other during the current round. An important reason for which we did
not incentivize these expectations was to avoid adding another degree of complexity in the
experimental design. We acknowledge that subjects may have felt less concerned because
of this but the extra explanation of a complex rule of payment on top of the public good
game instructions would have been too much information to process in our opinion. After
that both subjects indicated their expectations, they received feedback about the round. The
feedback screen showed the contribution of the other, their payoff in MU for the past round
and their cumulated payoff in MU over the whole public good game. Both subjects had to
validate in order to move on to the next round.
In order to avoid a polluting influence of the possible end effect of the public good
game on the last task, we interrupted unexpectedly the game after round 25 to implement
the second DOT. It was exactly the same as the first one, except that this time, the other in
the choices of allocations was the subject they interacted with during the public good
game. Once subjects completed this task, they went back to play the four remaining rounds
of the public good game.11 Subjects were then paid in cash and in private according to
what they earn during the public good game (since earnings in the two DOTS summed to
zero) on top of which we added a show-up fee. The transfer rate applied in our experiment
was 300 MU = 1 Euro. Total earnings were on average of 40 Euros and the average length
of an experiment was two hours. Important is the fact that the experiment was totally
anonymous and that we made sure that the two subjects never met at any point.

10

Contributing more than the Pareto-Optimum increases the other’s payoff at a cost for oneself and also
decreases the total payoff of the pair. On the other hand, contributing less than the Nash equilibrium
decreases both payoffs, but the other’s payoff more strongly.
11
After the end of the public good game, participants completed several questionnaires about the game
(liking of the other, strategy used, etc…) and a psychological measure of empathy called the BEES (Balanced
Emotional Empathy Scale; Epstein and Mehrabian, 1972). See Chapter 3 for more details.
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2.3.2 Aggregate Behavioral Results
We will first present aggregated behavioral results. The average contribution over the
whole game is 6.30 tokens, which corresponds to 52.5% of the endowment. Interestingly,
the average contribution to the public good is very stable over the 29 rounds, ranging from
5.26 tokens in the last round to 7.00 tokens in round 18 and 22 (see Figure 2.1). The very
often observed end-effect is very slight here since average contribution drops by only 1.07
tokens between round 28 and round 29. This quite high level of contribution and the
absence of any decreasing trend might be due to the pair setting. It was also the case that
the total number of rounds was indicated only in the beginning of the public good game
and that some subjects might have forgotten the information12. However, as we will see,
these aggregated results are hiding a great heterogeneity that we will try to understand.
2.3.3 Estimation Procedures at the Group Level
We will first present estimations on the whole dataset before moving to estimation at the
individual level. As we have seen in section 1, there is evidence that not everybody plans
ahead and uses backward induction in order to make decision, even in very simple games.
This was a hint to us in order to use the mixture-model approach and to allow subjects to
be from different types, either myopic or forward looking. We used the same kind of
12

Subjects were informed of the total number of rounds at the beginning of the public good game. After the
second DOT, they were informed that they “will finish the last couple of rounds” of the game. They were not
exactly reminded the exact number of rounds left but could remember that they were 29 in total.
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procedure used by El-Gamal and Grether (1995) in their article on Bayesian updating (for
greater details, especially on their method and algorithm, see op. cit., p1141). In our case,
the two considered models are nested since a myopic agent will simply have a null . Thus,
we cannot apply a mixture approach at the choice level (see for example Harrison and
Rutström, 2009; Wang and Fischbeck, 2004) where a decision is considered to have a
certain probability of being generated by each model, the likelihood of a choice being the
combination of the two models weighted by a “mixture probability”. In that case, because
of the linearity of our utility function (see equation 1), this probability and the discount
parameter would be perfectly confounded and thus impossible to estimate. More
conceptually, because of the dynamic nature of the model and of the path dependence of
each contribution decision, reasoning at the choice level appears neither relevant nor
correct. As a consequence, we opted for a mixture model at the individual level, where
each individual can be categorized as being of one of the two alternative types. At each
iteration of the maximum likelihood procedure, we calculate the individual likelihood for
each model and take, as a contribution to the total likelihood, the one of the best
performing model. In the end, we get one set of parameters for each group (myopic and
forward-looking) and a categorization of individuals between each group.13
Table 2.1: Group Level Estimates (Fahrenfort et al. (2012))
Parameters

θ

δ1
δ2

λ

Myopic Group

Forward-Looking Group

(Std Err)

(Std Err)

0.0586***

0.0617***

(0.0042 )

(0.0049 )

0.4556***

0.3152***

(0.1058 )

( 0.0534)

0.040***

0.1119***

(0.0067 )

(0.0091 )

-

0.5525***

Log-Likelihood
Forward-Looking Subjects

( 0.0524)
-3586.78
30 (out of 56)

Note: *** indicates significance at the 1% level.

13

For comparison matter with the other two considered datasets, we also estimate the “myopic” model over
the whole sample. Results of this estimation are consistent and can be found in Table 2.2.
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In the case of our public good game, the reference point for the emotional impulse
will be the standard Nash contribution to the public good (which is 3 tokens). Higher
contributions will generate positive emotional impulses that will increase the social tie
while lower contributions will generate negative ones and thus decrease the current social
tie so that the development of both positive and negative ties is possible. Alternative
reference points (including dynamic ones) have been considered but have been discarded
because of a worse quality of the fit (see Appendix 2.C). So it seems that the standard Nash
contribution level was a focal point during our game, probably because it is easy to retrieve
in the table from round to round but most probably because it represents the demarcation
between competitive and prosocial actions of the other. Another assumption concerning
our data is that players start with a null tie: there are no antecedents in the relationship so
we consider that subjects start with selfish preferences that may evolve throughout the
interaction. This hypothesis can of course be disputed since it has been shown in many
cases that some people exhibit to some extent unselfish preferences even in one-shot
games using double-blind procedure. However it seems difficult from the experimental
data available here to make any other assumption if we want to estimate the model.
Concerning forward-looking individuals, we need to compute

, the expected utility

from period t+1 (see equation 1). To do so, we need to make an assumption about the
agent’s expectation about the other’s contribution in t+1. We simply take the average
between the agent’s own contribution in t and his expectation about the other in t which
corresponds to assuming that subjects expect some reciprocity from their counterpart in the
next period. It is interesting that this is through this mechanism that strategic contribution
(contributing without the development of any social tie) may arise. Indeed, if an individual
is forward-looking, the value of contributing to the public good increases through the
positive influence it has on the expected behavior of the other in the next round. The last
remark concerns the agent’s own contribution in t+1. Since the agent will try to choose the
optimal contribution in t (

) and since

of the utility function; see equation 4),

and

are independent (due to the additivity
is actually factored out and thus does not

require any supplementary assumption.
Results of this estimation are presented in Table 2.1. Using this procedure, we get
30 out of 56 subjects classified as forward-looking (their parameters will be indexed by FL
in the text) while the other are considered as myopic (their parameters will be indexed by
M in the text). Concerning parameters estimates, the value of the estimates is 0.0586 for
+A and 0.0617 for +BC (both are significant at the 1% level), in line with results obtained
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from previous experiments testing social preferences models in public good games
environments (Corrazini and Tyszler, 2010). The estimate of

A

and

BC

are 0.4556 and

0.3152, respectively. Both are significantly different from zero at the 1% level, implying
that the impact of an emotional stimulus (

.

) is lasting for a significant number of

periods. This means that dynamics matter and that actions from past rounds still impact
current choices. Third, the estimates of

A

and

BC

are respectively 0.040 and 0.112. Both

parameters estimates are again significantly different from zero at the 1% level.
As we expected, deviations from the selfish Nash contribution are generating significant
impulses and thus influencing the social tie, the more so for the forward-looking group.
Finally, we can see that for the 30 forward-looking subjects, the

estimate is 0.5525 so

that significant weight is put on the utility in the next period. It is also significantly
different from zero at the 1% level. Estimation at the group-level confirms that the model
has an explanatory power on data since all parameters are highly significant. Also, we
confirm here the existence of two sub-groups of subjects using different levels of
reasoning, as suggested by the literature14. Interestingly, the forward-looking group seems
to take into account a shorter history and also to react more strongly to impulses compared
to the myopic group. These two differences seem in line with the more strategic nature of
these subjects: they will indeed have a lower tendency to accept selfish moves and will
reciprocate by a lower contribution, taking less into account past history. On the other
hand, following a kind action from their opponent, they will have a more pronounced
tendency to reciprocate it immediately in order to foster future cooperation and generate
higher long-term earnings.
2.3.4 Individual Level Estimations and Predictions
In order to formulate predictions about the dynamics of public good contributions, we
chose to estimate the model at the individual level. We assigned the type of each subject
based on the classification obtained from the group-level estimation. We are able to
generate predictions for each round based on these individual estimations. Using the

14

In their article, Bone et al. (2009) found that over half of the population was acting as myopic. We find a
lower proportion here.
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parameter estimates, we can predict his behavior round after round15. We take as given the
first round contribution, as we have no special assumption concerning the first round of
play16. We also take as given the behavior of the other player and then generate predictions
based on this “pre-determined” behavior. Indeed, in this interactive choice framing, letting
the two players’ behaviors free would have led to very poor results since the principal
factor causing behavior in a repeated game is the behavior of the opponent. Not
considering actual but the predicted behavior for the opponent would change dramatically
the underlying drive of behavior and thus generate absurd predictions. Such a strategy
would have more to do with a simulation approach than with predictions. Also in line with
standard procedures, the predicted contribution is the one that is the most probable
according to the model.
Naturally, our experiment does not allow us to make real out-of-sample predictions.
To be able to run this kind of analysis, we should have one player playing successively
with two different counterparts to estimate the model on the data of one interaction to
predict behavior in the other. However, we do not have such data here. We first present
results of the predictions based on the parameters estimates over the 29 periods. We
acknowledge that this is not the most challenging task, since estimation and predictions are
made on exactly the same data, but the first interest of this exercise is to be informative: is
the model able to track round-to-round changes in contributions? These predictions appear
in Figure 2.2. The pairs number 1, 14 or 19 are examples where the model is able to track
interaction with progressive convergence toward cooperation. Looking at subjects P2 S1,
P8 S2 or P12 S1 (where the number behind P (S) stands for the pair (subject)), we can see
that the model is also able to track very complex dynamic patterns of contribution. Pairs
number 13, 21, 22 or 27 are showing that, if the model is not tracking perfectly round-toround changes, it is still able to follow the general trend over a larger number of periods.
Finally, subjects P 9 S2, P24 S1 and P25 S1 constitute examples of decreasing
contributions in the final round.

15

It should be mentioned that for some subjects exhibiting very stable behavior over the whole game, we
were not able to estimate the model. Their cell in Figure 2.2 will thus not contain any prediction (dash line).
The same holds for the two other datasets where some pairs or groups exhibit very stable behavior.
16
Notice that as = = 0, all myopic players should be selfish and thus play the Nash contribution in the first
round. The picture is more complex for forward-looking individuals since it would depend on several factors
( = , and the effect of contributions in t on the expectation in t+1). As a consequence, we let the first round
predicted contribution as the real one and let the social tie start building (if there is any) from round two
onward. Thus, predictions start from round two.
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For a majority of subjects, the predictions are close to the real behavior and are
following the dynamic evolution quite well. We see that for a non-negligible number of
subjects, the model is able to track very complex patterns of contributions. It has to be
acknowledged also that for a few subjects, the model appears unable to track both the
round-to-round changes in contributions and the more general trend. It seems to be the case
for pairs where behavior is very chaotic17. In order to have an impression of the model
performance, Figure 2.3 indicates the distribution of individual root mean square errors
(RMSE), with an average of 2.182 over the whole sample. Figure 2.4 presents the
distribution of individual parameters estimates. We can remark a quite high heterogeneity
in parameter values for all the parameters. For example, past history (except the previous
round) does not seem to enter the social tie for a significant part of subjects whereas some
others have a

over 0.70. In the same way, the strength of the emotional impact of an

impulse varies à lot between subjects, suggesting high differences in emotionality between
subjects. Finally, even among the sub-group of forward-looking subjects, the valuation put
on the next period utility differs significantly.

17

It is also the case when individuals, not classified as forward-looking, take “proactive” measures, for
example trying to impulse cooperation without being followed.
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2.4 Extended Analyses
2.4.1 “End of Game” Predictions
A different and more ambitious way to generate predictions is to try to get closer to out of
sample predictions. We will do so in two different ways. First, we will split the data in two
parts, the first 20 rounds and the last 9 (note that this includes any end-effect). We will
then estimate the model on the first part to predict the last rounds contributions. Contrary
to previous works that were interested in decision under risk and choices of lottery (like
Conte and Hey, 2012; and Wilcox, 2007), the two sub-datasets that we consider are not
separate decisions, like two lottery choices without feedback would be18, but constitute
instead a sequence of decisions where each choice is crucially dependent on what
happened previously. Once again, we take this exercise as an informative tool about the

18

Even though one could consider that experience of choice and thinking about a problem could trigger some
learning effect such that decisions would still not be independent.
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explanatory power of our model. We can first say that the estimates over the two different
time spans (29 or 20 rounds) are clearly correlated (for the 4 parameters, Pearson
coefficients of correlations are ranging from 0.399 (

) to 0.770 ( ), all of these

correlations being significant at the 1% level). Predictions of the behavior during the last 9
rounds appear in Figure 2.5. If the performance is still arguably good, we have to notice a
logical decline in explanatory power and in the strength of predictions. Comparing the
RMSEs for the two different time spans19, we observe of course that they increase when
the model is estimated on the smaller dataset, but this increase is quite limited in terms of
amplitude given that the estimation is based on only two thirds of the data as the average
RMSE increases by 0.224 or by 10.26%.20
2.4.2 “Out of Treatment” Predictions
Second, we can extend this approach to the second DOT, to what could be called “out-oftreatment” predictions. Indeed, remember that the public good game was unexpectedly
interrupted after round 25 to let subjects complete the second DOT. In that case, decisions
made during the task are not part of the same game and are private information (because
the other does not get any feedback). As a consequence, we can make predictions about the
preferences expressed about the 24 allocations chosen by the computer.21 To generate these
predictions, we simply take the value of the estimated

updated after round 25 and

compute the utility of each alternative. The two options are allocations of points between
the participant and his/her counterpart. We simply apply the following formula to compute
the utility entailed by an allocation k:
'

=

'

+

D.

'

(2.7)

For a given decision, if the estimated utility of the alternative preferred by the participant
was higher than the utility of the non-preferred alternative, we considered that this was a
correct prediction. On the other hand, if the estimated utility of the selected option was
lower, we considered it as a prediction failure.

19
To be able to make a meaningful comparison, we calculated the RMSEs only on the last 9 rounds for both
time spans.
20
Given that all individual RMSEs have a tendency to increase, the increase is still significant (using a
Wilcoxon signed-rank test: z=-4.239; p-value=0.000). For all subsequent tests (t-test or Wilcoxon signedrank test), observations are considered to be the individual average of the considered variable so that all
observations are independent.
21
The participant is not making a direct choice here but just indicating if he agrees or not with the choice
made by the computer. We acknowledge that this is not an incentivized decision and that participants might
be less involved than if it was but it is still relevant to see if predictions are of good quality in this setting.
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Figure 2.6 presents the distribution of individual frequencies of correct predictions
(number of correct predictions over 24, the number of “decisions”)22. There is again a lot
of heterogeneity in terms of quality of predictions: if for some subjects the 24 choices are
well predicted by the model, there are also individuals for which only 3 of them are well
predicted. On average, 62.7% of all choices are well predicted. This percentage is
significantly different from chance at the 1% level (t=3.508; p-value=0.001). However,
contrary to the public good game, the performance of the purely selfish model is not
significantly different in this task, with 64.7% of choices well predicted (using a Wilcoxon
signed-rank test: z=-0.317 ; p-value=0.751).

2.4.3 Replication on Other Datasets Including Larger Groups
The experimental procedures of van Dijk et al. (2002) and Sonnemans et al. (2006) have
the same general design as the one of Fahrenfort et al. (2012). These two experiments were
only behavioral and were run in the CREED lab, in Amsterdam. van Dijk et al. (2002) used
the same structure in their experiment, where subjects started with a Ring Test (Liebrand,
1984), with payoffs for the other are going to a randomly selected subject in the room. No
22

Subjects for which the model could not be estimated were removed from the data (both for our model and
the selfish predictions) used to compute the reported average prediction success and to make comparison
tests.
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feedback about these decisions is given to the subjects. Once this is done, participants are
matched in pairs (fixed for the whole duration of the game) and playing a non-linear public
good game for 25 periods. In this game, each subject has an endowment of 10 tokens to
allocate to a public account, which yields 14 MU to both members of the pair, or a private
account, where the value of i tokens was 28i-i² MU. A fixed cost of 110 MU was
subtracted each period. The standard Nash equilibrium of the one shot game is again to
contribute 3 tokens to the public account. The Pareto optimal choice is the full contribution
(10 tokens). After the 25 rounds, a second Ring Test took place but this time the payoffs
for the other were going to the subject with whom they interacted during the public good
game.
Sonnemans et al. (2006) follow more or less the same timeline. Subjects started
with a Circle Test, a simpler version of the Ring Test where the other in the test was again
a random participant in the room. Subjects were then matched in fixed groups of four
subjects. They played a nonlinear public good game for 32 periods. The endowment of 10
tokens could be invested in a public account, which yields 7 MU to the four members of
the group, or in a private account, where the value of i tokens was 21i-i² MU. Again, fixed
costs of 60 MU were subtracted each round, with the one-shot game Nash equilibrium
being a contribution of 3 tokens to the public good and the Pareto optimum a contribution
of the whole endowment. Once decisions about contributions were made by all members of
the group, all the individual contributions were displayed on the screen, as well as the
payoff of the participant for the period. The complete past history of contributions was also
made available to subjects. After the 25th round, the public good game was interrupted
unexpectedly and subjects were asked to fill 3 more Circle Tests, one being dedicated to
each other member of their group. Once this was done, participants are playing the
remaining 7 periods of the public good game.
As you can see, the three experimental designs are very similar. These additional
data will be a good way of checking the robustness of the results obtained from the
Fahrenfort et al. (2012) data, first by looking at data also using two-players public good
games but in the usual laboratory setting, and second by applying the model to a fourplayers game, which may entails more complex mechanisms in terms of decision making.
Because expectations were not elicited during the other experiments, we have to restrict
ourselves to the myopic specification of the model, since expectations for the t+1 round
cannot be computed. As a consequence, we do not use the mixture approach, since we do
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not have several groups. All the other specifications are kept the same from the previous
estimation.
Table 2.2: Group Level Estimates
Parameters

θ

δ1
δ2

Log-Likelihood

Van Dijk et al. (2002)

Sonnemans et al. (2006)

Fahrenfort et al. (2012)

(Std Err)

(Std Err)

(Std Err)

0.0813***

0.0338***

0.0448***

(0.0057)

(0.0032)

(0.0024)

0.5489***

0.2513***

0.5094***

(0.0370)

(0.0607)

(0.0384)

0.0861***

0.1355***

0.0786***

(0.0067)

(0.0136)

(0.0058)

-1857.19

-3507.98

-3737.14

Note: In order to be able to make meaningful comparisons, the fourth column presents the results
of the estimation of the “myopic” model (without the mixture approach) on the Fahrenfort et al.
(2012) dataset. *** indicates significance at the 1% level.

Group-level estimates concerning these datasets can be found in Table 2.2. It is
interesting to notice that results from van Dijk et al. (2002) are very close to what we
obtain with the Fahrenfort et al. (2012) data (using the same econometric model). Once
again, all parameters are significant at the 1% level and values are similar to what was
found previously, even if all parameters take slightly higher values. Results are slightly
different for the data from Sonnemans et al. (2006) where the game was played in groups
of four. All parameters are still significant and we can notice that

(tie persistence) takes

a lower value, meaning that the history of play that impacts a decision is shorter. On the
other hand,

(the tie proneness parameter) takes the highest value of our three samples

so that impulses have a stronger impact on tie formation. This simultaneous decrease in
and increase in

is hinting that subjects’ reciprocity is more intense in this game. The

cause may be due to a harder information retrieval, so that keeping track of all the
individual streams of contributions among the group is more difficult in larger groups and,
as a consequence, subjects base their behavior much more on the immediate history of
play. Another explanation could be that, in order to simplify his decision-making problem,
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a participant will just react to the very close history. Remarkably, prediction results are
comparable to the Fahrenfort et al. (2012) data in terms of quality of fit (see Figures 2.7
and 2.8). We still see very good dynamic predictions for some subjects and average
RMSEs are of similar size (see Appendix 2.D for distributions of RMSEs). Interestingly,
this is the case for both datasets, meaning that the more complex decisions made in the
four player groups are surprisingly well captured by our model.

2.5 Discussion
We presented in this chapter a model of the dynamic development of social ties.
Psychologically grounded, we believe that this model represents a natural way to
understand repeated social interactions. When people have the possibility to track partners’
behavior, which is the case in most interactions outside the laboratory, bonds will be
created in accordance to how satisfactory each partner will find the behavior of the other.
This is how friendships or love relationships are built but this also the case for more
economically relevant interactions, such as team work and business connections.
Concerning the latter, the importance of social ties in competition will depend on the
market structure. In a very atomistic market where agents are price-takers and cannot have
a direct impact on their competitors, ties are expected to have no influence. However, in
case of restricted competition (e.g. an oligopoly), ties could matter. While positive ties
could generate collusion, negative ones would yield very aggressive competition. In the
first case, this may even reduce the effectiveness of anti-trust actions since the collusion
would take place because of ties, which are tacit, and not because of explicit agreements.
We showed that this model is quite general and embeds several other models of social
preferences. We also confronted it to data from public good games, both using pairs or
group of four players and showed that the model was able to explain dynamic patterns of
contributions and to a certain extent allocation decisions made after the game.
Interestingly, another recent behavioral study suggested the usefulness and
relevance of the social tie approach. Malmendier and Schmidt (2012) are studying gift
giving in a three-parties setting and show that gift giving strongly affects the recipient’s
decisions in favor of the gift giver even if this comes at the expense of a third party. In
their view, “a gift creates a bond between the giver and the recipient of the gift. Before the
gift is given the decision maker is equally concerned about the welfare of all other players.
However, once he receives the gift the welfare of the gift giver gets a higher weight in
DM’s utility function.” (op. cit., p32) As they mention, this finding is in line with the
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social tie model proposed by van Dijk and van Winden (1997), while other models of
social preferences fail to explain this result. They also develop a new model, quite similar
to ours23, where the weight attached to the expected material payoff of the interaction
partners is depending on both the actual strategies chosen by them as well as the expected
strategies. On top of this behavioral evidence, neural evidence is also providing support, as
we will see in the next two chapters.
This chapter has mostly focused on positive social ties resulting from cooperative
interactions, because of the nature of the existing datasets. Indeed, even if antisocial
behavior was an option that was to some extent available to the subjects in our non-linear
public good games24, the room for pro- and anti-social behavior was far from symmetric.
Interesting avenues for future research would be to focus on more symmetric environments
where negative ties are potentially as possible to occur as positive ties. Also of interest in
order to push further the test of the model, would be to be able to run “real” out-of-sample
predictions by having the same player playing against different counterparts. This would
allow us to measure the extent of the explanatory power of the model as well as the
stability of individual parameters when estimated on different interactions. We are
currently working on these issues through the conception of a new game and experimental
design.

23

Given that they want to explain their experimental data, which concerns a one-shot game, they do not
consider any forward-looking behavior.
24
Remember that by contributing less than the interior Nash equilibrium contribution, subjects were
decreasing the other’s payoff at their own cost, ceteris paribus.
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Appendix 2.A: Alternatives during the Distributional Outcome Tests
(DOTs)
Alternative A

Alternative B

Alternative A

Alternative B

Choice

Self

Other

Self

Other

Choice

Self

Other

Self

Other

1

500

0

498

44

13

-500

0

-498

-44

2

498

44

492

87

14

-498

-44

-492

-87

3

492

87

483

129

15

-492

-87

-483

-129

4

483

129

470

171

16

-483

-129

-470

-171

5

470

171

354

354

17

-470

-171

-354

-354

6

354

354

171

470

18

-354

-354

-171

-470

7

498

44

500

0

19

-498

-44

-500

0

8

492

87

498

44

20

-492

-87

-498

-44

9

483

129

492

87

21

-483

-129

-492

-87

10

470

171

483

129

22

-470

-171

-483

-129

11

354

354

470

171

23

-354

-354

-470

-171

12

171

470

354

354

24

-171

-470

-354

-354

Note: The temporal order in which the trials were presented was randomized for each subject. Whether an
alternative would appear on the screen as [Alternative A] or [Alternative B] was randomized on every trial.
The computer would always choose what is designated here as [Alternative A].
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Appendix 2.B: Payoff Table of the Public Good Game

Your Contribution

Other’s Contribution
0

1

2

3

4

5

6

7

8

9

10

11

12

0

80

94

108

122

136

150

164

178

192

206

220

234

248

1

85

99

113

127

141

155

169

183

197

211

225

239

253

2

88

102

116

130

144

158

172

186

200

214

228

242

256

3

89

103

117

131

145

159

173

187

201

215

229

243

257

4

88

102

116

130

144

158

172

186

200

214

228

242

256

5

85

99

113

127

141

155

169

183

197

211

225

239

253

6

80

94

108

122

136

150

164

178

192

206

220

234

248

7

73

87

101

115

129

143

157

171

185

199

213

227

241

8

64

78

92

106

120

134

148

162

176

190

204

218

232

9

53

67

81

95

109

123

137

151

165

179

193

207

221

10

40

54

68

82

96

110

124

138

152

166

180

194

208

11

25

39

53

67

81

95

109

123

137

151

165

179

193

12

8

22

36

50

64

78

92

106

120

134

148

162

176

Note: The table indicates the payoff of the decision-maker. The payoff of the opponent can be found
reversing “your” and “other’s” contributions in the table. The Nash Equilibrium (3;3) and Pareto-Optimum
(10;10) of the one-shot game appear in the grey cells (these emphases were not present during the
experiment).
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Appendix 2.C: Log-likelihoods from estimations using different reference
points
Reference Point

Log-Likelihood

Predicted Other’s Contribution

-3910.336

Own Contribution

-3940.961

(Fixed) Null Contribution

-3610.567

(Fixed) Pareto-Optimal Contribution

-3912.066

(Fixed) Nash Equilibrium Contribution

-3586.783

Note: The reference point is subtracted to the contribution of the other to generate the emotional impulse. The
reference point used in the rest of the paper (because of better performance) is the Nash equilibrium
contribution of the one-shot game.

Appendix 2.D : Distributions of RMSEs of predictions from data of van
Dijk et al. (2002) and Sonnemans et al. (2006)
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Neural correlates of dynamically evolving
interpersonal ties predict prosocial behaviour
3.1 Introduction
In experience-based decision making, rather than being provided with a description of the
probability distribution of outcomes associated with certain choices, subjects have
incomplete information about choice-outcomes and their respective probabilities.
Information regarding choice-outcome is acquired and integrated through continuous or
pre-choice sampling with feedback. Evidence seems to suggest that people have different
choice-preferences in decisions-from-experience paradigms than during description-based
choice paradigms, although the origins of this putative preference gap are still under
investigation (Rakow and Newell, 2010). Given the naturalistic nature of experience-based
decision making, disentangling its underlying cognitive and neural mechanisms may be
crucial to understanding human choice behaviour. Economic trade for example, is an
omnipresent real-world example of experience-based decision-making. The probability
distribution of outcomes during economic interactions can often only be gauged through
the interaction itself. Interestingly, intermediate outcomes of the interaction may impact
the probability distribution of future outcomes, lessening the degree of uncertainty along
the way. Hence, not only is the subject gauging the probability distribution of outcomes, he
or she may actually modulate the probability distribution of outcomes as the interaction
unfolds. It has been suggested that interaction partners keep track of this dynamic process
internally by means of the interpersonal tie one develops with one’s interaction partner
(van Dijk et al., 2002; van Winden et al., 2008). Another suggested influence on human
choice behaviour in social settings has been the presence of empathy (e.g. Hein et al.,
2010). Here, we attempt to establish how well a trait variable like empathy and a dynamic
state variable such as the interpersonal tie are able to predict prosocial choices during
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interactive decision making.
The willingness to share resources without guarantee of return-benefit is crucial to
achieve cooperation. This is illustrated by the Public Good family of economic games,
where free riding typically leads to a breakdown of cooperation (Isaac and Walker, 1988).
Experimental evidence suggests that the willingness to invest in a public good (including
the voluntary punishment of free riders) is motivated by social factors beyond immediate
personal gain (Fehr and Gächter, 2002; Rilling et al., 2002). These factors are often
captured using the term altruism, which is observed in humans as well as various other
mammals (Fehr and Fischbacher, 2003;de Waal, 2008). Many have linked the proximate
cause of altruism to empathy, referring to the capacity to experience and understand the
affective state of another person (Batson, 1991; Eisenberg, 2000; de Waal, 2008;Singer
and Lamm, 2009). Recently, neural evidence has been presented in support of this view,
linking empathy-related activation in the insula (Hein et al., 2010; Masten et al., 2011) and
medial prefrontal cortex (Mathur et al., 2010; Masten et al., 2011) to prosocial behaviour.
Empathy promotes social cohesion (Farrow et al., 2001), scales with feelings of group
membership (Sturmer et al., 2006) and as such may be a key motive for the willingness to
share.
Individual differences in the willingness to share are often described in terms of
social value orientations (Van Lange, 1999), which can be estimated by having subjects
make choices between different monetary distributions regarding themselves and an
unspecified other (Liebrand, 1984;Haruno and Frith, 2010). Social value orientation, like
empathy, is considered to be a trait-like, stable disposition (Van Lange, 1999). However,
recent evidence suggests that social value orientation towards an interaction partner can
change, depending on the success or failure of an intermediate interaction (van Dijk et al.,
2002). A complementary influence on prosocial behavior might therefore be the
development of interpersonal ties, or feelings of social connectedness with an interaction
partner. Such ties are different from empathy in that they consist of the extent to which
someone cares about another person (van Dijk et al., 2002), rather than one’s ability to
share someone’s emotions (Eisenberg, 2000; de Waal, 2008; Singer and Lamm, 2009). The
degree to which one is able to experience empathy seems to be a personality characteristic
(Mehrabian, 1997; Singer et al., 2004b), while interpersonal ties are dynamic, resulting
from interaction itself (van Dijk et al., 2002; van Winden et al., 2008). Positively
developing ties may instil prosocial behaviour, while negatively developing ties may be
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associated with antisocial behaviour, such as a reduced willingness to invest further in the
other’s well-being, or even vengeful behaviour, such as punishing the other at a cost to
oneself (Fehr and Gächter, 2002).
Compared to empathy, the cognitive, affective, and neural mechanisms of
interpersonal ties have remained relatively exempt of empirical scrutiny. Various studies
have focused on normative aspects of social interactions, such as trust (King-Casas et al.,
2005) and fairness (Singer et al., 2006). Other studies have focused on the neural basis of
cooperation itself. For example, left orbitofrontal cortex (OFC) and medial parts of the
frontal cortex have been associated with cooperative and competitive behaviour
respectively (Decety et al., 2004). Cooperative behavior in an iterated prisoner’s dilemma
game has also been found to elicit increased activity in reward-related areas such as the
striatum (Moll et al., 2006; Haber and Knutson, 2010), as well as the ventromedial
prefrontal cortex (VMPFC) and the OFC (Rilling et al., 2002). Increased (decreased)
VMPFC activation has further been found when inferring generous (selfish) play in a
public good game played by others (Cooper et al., 2010). Although these regions may be
involved in the formation of interpersonal ties, it is unknown whether they are also
involved in keeping track of such ties over longer periods of time. Studies on social
cognition point to the relevance of the pSTS in representing the social significance of other
agents. For example, grey matter density abnormalities in the STS have been associated
with autism in children (Boddaert et al., 2004), stimuli that have acquired relevance during
meaningful social interaction (e.g., faces of cooperative game partners) have been shown
to activate the pSTS (Singer et al., 2004a); the (p)STS is important in keeping track of
one’s influence on other agent’s intentions and strategies (Hampton et al., 2008;Haruno
and Kawato, 2009); and activation of the pSTS during the perception of agency correlates
with individuals’ self-reported altruism (Tankersley et al., 2007).
To determine the influence of empathy and interpersonal ties in determining
prosocial behaviour, we first established the presence of neural responses related to
empathy and interpersonal ties during computer controlled (imposed) sharing. In a second
step, we determined how these neural responses related to previous cooperation success
and whether they predicted subsequent prosocial behaviour. To establish neural empathy
and tie-related responses during computer-imposed sharing, we administered a
distributional outcome test (DOT) (Liebrand, 1984; Haruno and Frith, 2010), with
monetary outcomes benefiting the other at the expense of oneself and vice versa (see Table
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3.1), both before and after anonymous interaction in a public good game. In the DOT,
subjects were repeatedly confronted with changing payoff distributions, of which the
computer would choose one on each trial. We used functional magnetic resonance imaging
(fMRI) to examine individual differences in the neural responses to DOT outcomes.
Subtracting the fMRI responses to the DOT before interaction from the responses to the
DOT after interaction allowed us to isolate neural responses to sharing that could be related
to the intermediate public good game interaction (see Methods). Choices between
distributional outcomes were made by the computer, kept equal across participants, and
kept equal between pre- and post-interaction DOT’s, to ensure that neural responses could
be compared across time and across participants.

3.2 Materials and methods
3.2.1 Subjects
We collected data from 34 interaction pairs. Due to our complex experimental setup, 5
subjects had to be excluded from analysis because of computer or human error during data
collection and transfer. Subjects were students from the University of Amsterdam or
international exchange students enrolled in courses at the University of Amsterdam. All
subjects gave written informed consent prior to the onset of the experiment. The 29
subjects in the scanner had an average age of 22.6 (s.d.±2.7), 14 were female. Their 29
interaction partners had an average age of 23.3 (s.d.±4.5), 11 were female. In 14 interaction
pairs both partners had the same sex. In 5 pairs both partners were female. Chi-square and
t-tests confirmed that the scanning group did not differ significantly from the group outside
the scanner in age, sex, or any of the behavioural measures.
3.2.2 Experimental Procedure
Subjects were tested in pairs. One subject was positioned in the scanner while the other
was seated in a separate room behind a laptop. The procedure was fully anonymous, such
that subjects would never see each other or get any information about the other subject
other than through computer-interfaced interaction during the public good game. The study
was divided into 2 main parts: [1] a scanning phase and [2] a post-scanning part in which
subjects filled out exit questions and an empathy questionnaire. Afterwards, subjects were
paid out. Average earnings totalled to around 45 euros per subject.
The scanning phase consisted of three scanning blocks. In the first block, we
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administered a pre-interaction Distributional Outcome Test (DOT) to test neural responses
to different monetary distributions. In the second block, the subject pair played a twoperson public good game. In the third block subjects were administered a post-interaction
DOT. Right after the post-interaction DOT, subjects played the final rounds of the public
good game. After scanning, subjects completed a general exit questionnaire and the
Balanced Emotional Empathy Scale (BEES) (Mehrabian and Epstein, 1972; Mehrabian,
1997).

Table 3.1: Alternatives during the scanned pre- and post-interaction Distributional
Outcome Test (DOT)

Alternative A

Alternative B

trial

Self

Other

Self

Other

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

500
498
492
483
470
354
498
492
483
470
354
171
-500
-498
-492
-483
-470
-354
-498
-492
-483
-470
-354
-171

0
44
87
129
171
354
44
87
129
171
354
470
0
-44
-87
-129
-171
-354
-44
-87
-129
-171
-354
-470

498
492
483
470
354
171
500
498
492
483
470
354
-498
-492
-483
-470
-354
-171
-500
-498
-492
-483
-470
-354

44
87
129
171
354
470
0
44
87
129
171
354
-44
-87
-129
-171
-354
-470
0
-44
-87
-129
-171
-354

Sum:

0

0

0

0

Other gains at
expense of self

Self gains at
expense of other

Equality in one
of the
alternatives

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Note: The temporal order in which the trials were presented was randomized for each subject.
Whether an alternative would appear on the screen as [Alternative A] or [Alternative B] was
randomized on every trial. The computer would always choose what is designated here as
[Alternative A].
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3.2.3 Distributional Outcome Test (DOT)
Before and after public good game interaction, the DOT was administered; containing 24
test items (see Table 3.1). These test items were chosen because behavioural pilot testing
showed that they discriminated most strongly between subjects when given the ability to
freely choose among them. In the DOT however, subjects would not make a choice
between the two payoff combinations themselves, but the computer would ‘randomly’ pick
an alternative. Unbeknownst to subjects, computer choices were predetermined such that
the chosen alternatives and the resulting payouts were the same between participants and
between the pre- and post-interaction DOT. Also unbeknownst to subjects, both the sum of
the chosen distributions and the sum of the alternative distributions was zero, both for
allocations to self and allocations to other.
At the start of each trial, subjects were asked to carefully inspect the payoff
combinations presented by the computer, and to assess which alternative they preferred.
Upon pressing a button, the alternatives would start to alternately highlight at a decreasing
rate, until settling down on one of them (the ‘computer choice’). No changes were made to
the display during the ensuing eight seconds, so that a clean measure of a subject’s neural
response to the ‘computer choice’ could be taken. To keep subjects engaged in this
otherwise passive task, they were asked to subsequently indicate whether they agreed or
disagreed with the computer choice using a simple yes/no button press, after which the test
would continue to the next trial.
Importantly, the pre- and post-interaction DOT were identical in all respects, except
for one difference. In the pre-interaction DOT, subjects were informed that the ‘other’ was
a random subject from the experiment, while in the post-interaction DOT, subjects were
informed that the ‘other’ was one’s (anonymous) interaction partner during the preceding
public good game. Hence differences between neural responses to the post- and preinteraction DOT acted as a post-pre interaction contrast, isolating differential neural
responses to sharing as a result of the intermediate public good game interaction.
Subtracting the pre-interaction DOT from the post-interaction DOT removes effects that
cannot be related to the intermediate public good game interaction.
Therefore, we subtracted the normalized pre-interaction DOT fMRI signal from the
post-interaction DOT signal, to isolate the component of the DOT response that may have
been impacted by the intermediate public good game interaction (see below for analysis
details). This is a non-standard fMRI analysis step, but pertinent to the type of information
48

NEURAL CORRELATES OF DYNAMIC INTERPERSONAL TIES PREDICT PROSOCIAL BEHAVIOR

we wanted to extract from our design. We were interested in isolating changes in neural
components of sharing preference as a result of experience-induced change over time (i.e.
as a result of public good game interaction). The difference signal of neural responses
acquired at different moments in time - while keeping all other variables the same provided this measure.

YOU

Table 3.2: Payoff table during the Public Good Game

Public

Y

0

1

2

3

4

OTHER
5

X

Private

12

11

10

9

8

7

6

5

4

3

2

1

0

0

12

80

94

108

122

136

150

164

178

192

206

220

234

248

1

11

85

99

113

127

141

155

169

183

197

211

225

239

253

2

10

88

102

116

130

144

158

172

186

200

214

228

242

256

3

9

89

103

117

131

145

159

173

187

201

215

229

243

257

4

8

88

102

116

130

144

158

172

186

200

214

228

242

256

5

7

85

99

113

127

141

155

169

183

197

211

225

239

253

6

6

80

94

108

122

136

150

164

178

192

206

220

234

248

7

5

73

87

101

115

129

143

157

171

185

199

213

227

241

8

4

64

78

92

106

120

134

148

162

176

190

204

218

232

9

3

53

67

81

95

109

123

137

151

165

179

193

207

221

10

2

40

54

68

82

96

110

124

138

152

166

180

194

208

11

1

25

39

53

67

81

95

109

123

137

151

165

179

193

12

0

8

22

36

50

64

78

92

106

120

134

148

162

176

6

7

8

9

10

11

12

Note: x denotes a participant's own contribution to the public account; y denotes the other's
contribution to the public account. Private is what is left in a participant's private account given
that contribution level. The cell where X and Y cross shows one's own payoff given those
contribution levels.

3.2.4 Public Good Game
The intermediate public good game was a finite, non-linear, self-paced public good game
described elsewhere (van Dijk et al., 2002). The game consisted of 29 rounds between two
subjects. On every round, subjects were given 12 monetary units, which they could divide
freely between their private account and a public account. The payoff consequences of
contributions to the public account were made explicit by use of an on-screen payoff table
(see Table 3.2). Payoffs in this table were given by 14*(x+y) + 32*(12-x) - (12-x)2 -160,
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where x represents a subject’s own contribution to the public account, while y denotes the
other subject’s contribution to the public account. The Pareto-optimum was at 10 tokens in
the public good, but players could decide to invest more than 10 tokens, increasing the
other’s payoff at one’s own expense. Likewise, participants could invest less than the
Nash-equilibrium (3 tokens), resulting in a payoff below Nash for the other at one’s own
expense.
Prior to the public good game, extensive on-screen instructions were given,
followed by nine multiple-choice questions to check understanding. At round 25, the
public good game was unexpectedly interrupted for the post-interaction DOT. Right after
the post-interaction DOT subjects finished the last four rounds of the public good game. At
the end of the experiment, payoffs were converted to real currency and paid out along with
the other payouts.
3.2.5 Post-Scan Questionnaires for Empathy and Interpersonal ties.
After scanning, subjects completed an exit questionnaire and an empathy scale
questionnaire. Interpersonal ties were measured during the exit questionnaire. Subjects
were asked to indicate the interpersonal tie they felt with the subject they had interacted
with during the public good game. The question was:
Please indicate on the scale below how much you like or dislike the participant you
were paired with in part 2 and 3 of the experiment. Circle the number of your choice,
where 1 stands for “very unpleasant person” and 9 stands for “very nice person”.
Below was a 9-point scale running from ‘very unpleasant person’ to ‘very nice
person’. Note that a value below 5 signals a negative tie, whereas a value above 5 signals a
positive tie. Ratings emanated from previous cooperation success, as there were no
encounters between partners other than during anonymous interaction in the public good
game. In addition, the exit questionnaire contained some questions on interaction strategy
and control questions to check whether there had indeed been no contact with the other
subject other than through computer-mediated interaction. To assess trait empathy, subjects
completed the BEES (Mehrabian, 1997; Mehrabian and Epstein, 1972) after they had
completed the exit questionnaire.
3.2.6 Past cooperation success and Future investment behavior
As a measure of previous cooperation success, we calculated the other’s average
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contribution to the public good in the last five rounds prior to the second DOT (round 2125) (van Dijk et al., 2002). Future investment behavior was defined as a player’s own
average contribution to the public good in the rounds following the second DOT (round
26-28). The final round (round 29) was not included in the average because of the wellknown ‘end’ effect (Ledyard, 1995). A t-test confirmed that contribution in round 29
differed significantly from contribution in round 28 [t(28)=2.22, p=.03], while this was not
the case between round 28 and 27 [t(28)=.81, p=.42] or between round 27 and 26
[t(28)=.85, p=.40]. There was also no change between round 25 and round 26, either in
one’s own contribution [t(28)=.57, p=.57] or in the other’s contribution to the public good
[t(28)=1.22, p=.23 ], showing that the interruption by the second DOT did not significantly
impact subsequent public good game behaviour. Control analyses confirmed that changing
the size of the interval over which interaction success or future investment behavior was
measured did not change the results.
3.2.7. Image Acquisition and Pre-Processing
Images were acquired on a Philips 3T Intera scanner. The functional recordings were
acquired using a T2*-weighted sequence [40 coronal slices; flip angle (FA), 80°; echo time
(TE), 30 ms; repetition time (TR), 2.3 s; slice thickness, 3 mm; field of view (FOV), 220 ×
220 mm; in-plane voxel resolution, 2.3 × 2.3 mm]. Sessions ended with the acquisition of a
high-resolution anatomical image using a T1 turbo field echo sequence [182 coronal slices;
FA, 8°; TE, 4.6 ms; TR, 9.6 s; slice thickness, 1.2 mm, FOV, 256 × 256 mm; in-plane
voxel resolution, 1 × 1 mm]. Pre-processing and data analysis was performed using the
fMRI Expert Analysis Tool (FEAT), v5.98 from the FMRIB’s Software Library package
(FSL, http://www.fmrib.ox.ac.uk/fsl). fMRI images were motion corrected, slice-time
aligned, aligned to the structural image of the subject, and spatially smoothed using a
Gaussian kernel of 5 mm and high-pass temporally filtered using a Gaussian envelope of
50 s. Anatomical brains were extracted from the structural images, and transformed to the
standard space of the Montreal Neurological Institute (MNI) using FMRIB’s Non-linear
Image Registration Tool (FNIRT). Finally, the functional data were co-registered to the
MNI brain using non-linear parameters obtained from FNIRT.
3.2.8 Data analysis
For each subject, General Linear Models (GLMs) were specified separately for the preand post-interaction DOT. A predictor was created for each trial, corresponding to the
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moment at which the ‘computer choice’ (see Table 3.1) was presented to the subject. All
predictors were convolved with a standard double gamma hemodynamic response
function. The resulting GLMs were applied to the (pre-processed) fMRI signals that were
acquired during the pre- and post-interaction DOT.
Next, the mean percent signal change on each trial of the pre- and post interaction
DOT was extracted for each subject and each region of interest (ROI). Trials were
averaged depending on the sharing context (see Table 3.1): for each subject and each ROI,
an average was created for trials in which the other obtained monetary gains at the expense
of oneself (‘Other gains at expense of Self’), and another average was created for trials in
which oneself gained at the expense of the other (‘Self gains at expense of Other’),
separately for the pre- and post-interaction DOT. Subsequently, the resulting preinteraction DOT averages were subtracted from the post-interaction DOT averages of
corresponding sharing contexts, isolating the part of the neural response that was affected
by the intermediate public good game experience, while subtracting out the bare neural
responses to the monetary divisions in these sharing contexts (which were equal in both
DOTs).
The post- minus pre- public good game interaction DOT difference signals from
these sharing contexts (‘Self gains at expense of Other’ and ‘Other gains at expense of
Self’) for each of the ROIs were correlated against the empathy and interpersonal tie
measures, as well as against the measures for past cooperation success and future
investment behavior. Because we computed a lot of correlations, one needs to correct for
multiple comparisons, as some correlations will turn up significant at the conventional .05
level by chance alone. We corrected for multiple comparisons by means of the False
Discovery Rate (FDR) correction, which fixes the expected proportion of incorrectly
rejected null hypotheses (type I errors) given the number of tests that were performed
(Benjamini and Hochberg, 1995). All reported statistics in the experiment are two-tailed.
To summarize, the subtraction method and the FDR correction each correct for a
potential source of spurious correlation: [1] The subtraction of the pre-interaction DOT
from the post-interaction DOT isolates the part of the signal that can be related to the
intermediate public good game. The subtraction method removes correlations between the
DOT and our dependent measures that are not related to the intermediate public good
game. Such correlations may be coincidental but ‘real’ within the specific sample that we
measured from, or they may even be real in the population at large. Regardless, the
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subtraction method removes them. [2] The FDR correction thresholds the resulting postminus pre-interaction correlations such that they cannot be attributed to measurement
errors (noise). The correlations that are identified using the combination of these two
methods can therefore be attributed to the intermediate public good game, and cannot be
attributed to chance.
To establish whether empathy and interpersonal ties might interact to predict
behaviour, we carried out a regression analysis. We used the BEES and liking ratings as
measures for empathy and social ties respectively. An interaction term of the two was
added. All terms were regressed onto the subject’s future contributions in the three rounds
following the second DOT.
3.2.9 Selection of regions of interest
For ROI selection, the results from the lower level DOT analysis were combined using a
fixed effects higher-level analysis, in which corresponding trials from the pre- and postinteraction DOT were matched. Note that in this particular analysis, trials from the pre- and
post interaction DOT were combined (effectively averaged), rather than subtracted.
Subsequently, the resulting individual subject statistics were analyzed at a group level
using FMRIB’s Local Analysis of Mixed Effects (FLAME1). At this stage, an F-test was
performed over all 24 trials, allowing us to test in a non-directional way in what regions
the combined pre- and post-interaction DOT contributed significantly to the fMRI signal at
a group level. By using a non-directional F-test, the statistics were indifferent to the
direction of hemodynamic changes between different types of trials within the DOT.
Clusters with Z-values higher than 3.1 (uncorrected) were considered for inclusion as ROIs
into the final analysis. From these clusters, ROIs were selected on anatomical grounds that
are known to be involved in reward processing [striatum] (Rilling et al., 2002; Moll et al.,
2006; Haber and Knutson, 2010), empathy [AIC and ACC] (Wicker et al., 2003; Singer et
al., 2004b; Singer and Lamm, 2009), social significance [pSTS] (Singer et al., 2004a;
Tankersley et al., 2007; Hampton et al., 2008), social decision making [VMPFC and OFC]
(Rilling et al., 2002; Decety et al., 2004). As striatal activity was part of a larger cluster, we
extracted voxels from this cluster using the Harvard-Oxford Subcortical Structural Atlas
included in the FSL package. Only voxels that had more than 50% probability of belonging
to the nucleus accumbens (ventral striatum) or caudate (dorsal striatum) were included. No
voxels exceeded the threshold in the putamen. See Figure 3.1 for selected clusters. For the
entire activation map of the F-test and the selection of ventral and dorsal striatum see
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Figure 3.2, for a list of all clusters see Table 3.3.
Because the DOT data used for ROI selection were also used during hypothesis testing, a
possible concern could be selection bias resulting from the non-independence error or
‘double dipping’ (Kriegeskorte et al., 2009). However, the statistical tests used during
hypothesis testing were not affected by circularity. For one, the result statistics used during
ROI selection were different from those used during hypothesis testing. ROI selection was
done on the averaged pre- and post-interaction DOT, while during hypothesis testing the
pre- interaction DOT was subtracted from the post-interaction DOT. More to the point
however, hypothesis testing was done by correlating this difference signal against
measures of empathy, interpersonal ties and interaction success, while none of these
behavioural measures were used when generating the F-statistics used for ROI selection.
Critically, this ensured that none of our results could be explained by double dipping.

3.3 Results
3.3.1 Orthogonality of trait empathy and interpersonal ties
Trait empathy was measured post-experimentally using the BEES (Mehrabian and Epstein,
1972; Mehrabian, 1997). Interpersonal ties were measured in an exit questionnaire in
which subjects were asked to rate how much they liked or disliked their interaction partner.
To assess whether these measures were somehow correlated, we calculated their
correlation coefficient. This showed that our empathy and our interpersonal ties measure
were unrelated (r=-.06, p=.76).
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Table 3.3: Locus of peak activations in clusters resulting from an F-test over the 24
trials from the (averaged) pre- and post-interaction DOT (Z>3.1, clustersize>40)
Cluster
Index

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

20

Brain region

Ventromedial prefrontal cortex (VMPFC)
Left posterior superior temporal sulcus
Left orbitofrontal cortex (OFC)
Right posterior superior temporal sulcus
Near right lateral ventricle
Left anterior insular cortex (AIC)
Left precuneus
Left central opercular cortex (middle part
of the Sylvian fissure)
Left angular gyrus
Left parietal opercular cortex (posterior
part of the Sylvian fissure)
Left postcentral gyrus
Right anterior insular cortex (AIC)
Left superior temporal gyrus (posterior)
Midcingulate cortex (MCC)
Posterior cingulate cortex (PCC)
Left early visual cortex (V1, V2, V3)
Right early visual cortex (V1, V2, V3)
Left Precentral Gyrus
Anterior cingulate cortex (ACC)
Occipitoparietal cortex, extending into
precentral gyrus and inferior frontal gyrus
on the right, and into cerebellum, brain
stem, thalamus, and striatum ventrally

MNI coordinates of peak activation
(mm)
x

y

z

Z score

-2
-56
-22
62
26
-30
-8

64
-40
48
-26
-44
26
-52

-10
-6
-26
-10
16
-6
28

4
4.43
5.32
4.73
6.11
6.31
4.42

-66

-14

8

5

-50

-72

30

4.26

-46

-36

16

6.37

-38
34
64
4
2
-16
20
-44
2

-22
24
-30
0
-34
-88
-90
-2
24

50
-6
14
28
26
-20
-18
26
38

7.91
8.21
7.05
6.62
6.88
8.21
8.21
8.21
8.21

0

-78

20

8.21

Note. Regions of interest used in subsequent analyses are
underlined.

3.3.2 Neural correlates of empathy during imposed sharing
In order to assess the presence of neural correlates of trait empathy during imposed
sharing, we correlated BEES scores with the post- minus pre-interaction neural DOT
responses during the ‘Self gains at expense of Other’ and ‘Other gains at expense of Self’
sharing contexts, in all regions of interest (see Table 3.4). The FDR-corrected significance
level at which these correlations were evaluated is .0043, as marked by three asterisks (see
bottom of Table 3.4). After correction for multiple comparisons, the BEES scores showed
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correlations in AIC [r.61, p=.0004] (Figure 3.3, top), ACC [r=.64, p=.0002] (Figure 3.3,
middle) and the striatum [r=.53, p=.0043] (Figure 3.3, bottom). This shows that responses
in these areas were stronger for empathic subjects than for non-empathic subjects after, but
not before interaction (Figure 3.4). Notably, empathy only correlated with neural responses
to sharing when the other gained at one’s own expense, and not the other way around (all
p>.3).
3.3.3 Neural correlates of interpersonal ties during imposed sharing
Similar to the empathy analyses, we correlated liking ratings with post- minus preinteraction neural DOT responses in both sharing contexts for all regions of interest (see
Table 3.4). After correction for multiple comparisons, only the pSTS correlated
significantly with our interpersonal tie measure, and only when oneself gains at the
expense of the other [r=.58, p=.0011], and not vice versa [r=.32, p=.0928] (Figure 3.5,
top). This suggests that gaining at another person’s expense invokes activation in the
pSTS, where the degree of activation correlates positively with the interpersonal tie one
has developed with that person during previous interaction. Receiving reward at another’s
expense may invoke a tie-related response in the pSTS, where a strong response
corresponds with a positive interpersonal tie with the other person, and a weak response
corresponds with a negative tie. Again, the correlation is specific to the post- minus preinteraction DOT, emphasizing the relevance of the intermediate interaction in driving the
response (Figure 3. 6).
3.3.4 Relationship to past cooperation success and future investment behavior
To determine the degree to which these sharing-related responses are driven by past
cooperation success, and/or predict cooperation in the continuation of the public good
game after the second DOT, we correlated all post- minus pre-DOT responses with past
cooperation success and future behaviour (Table 3.4, second part). Previous cooperation
success was defined as the other’s mean contribution to the public good in the five rounds
prior to administering the post-interaction DOT (van Dijk et al., 2002), while future
cooperation was defined as one’s own mean contribution to the public good in the three
rounds after the second DOT (see Methods). Past cooperation success (Figure 3.5, middle)
as well as future cooperation (Figure 3.5, bottom) in the public good game correlated only
with the pSTS, again particularly for outcomes that entail gains at the expense of the other
[past success: r=.63, p=.0003; future cooperation: r=.58, p=.0009].
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Table 3.4: Correlations for sharing with measures of empathy, social ties, past
cooperation success and future investment behavior. N = 29.
Correlations with Balanced Emotional Empathy
Scale (BEES)
Region of interest
Anterior insular cortex (AIC)
-- Left AIC
-- Right AIC
Striatum
- Dorsal striatum (caudate)
-- Left dorsal striatum
-- Right dorsal striatum
- Ventral striatum (nucleus accumbens)
-- Left ventral striatum
-- Right ventral striatum
Posterior superior temporal sulcus (pSTS)
- Left pSTS
- Right pSTS
Anterior cingulate cortex (ACC)
Left orbitofrontal cortex (OFC)
Ventromedial prefrontal cortex (VMPFC)

Self gains at the
expense of other
Pearson p-value
0.03
0.8582
-0.06
0.7632
0.16
0.4079
-0.18
0.3507
-0.10
0.5940
-0.17
0.3831
-0.01
0.9485
-0.23
0.2304
0.00
0.9914
-0.37
0.0495
-0.20
0.2999
-0.21
0.2639
-0.12
0.5230
0.14
0.4607
-0.14
0.4680
-0.04
0.8170

Correlations with 9-point like scale
(interpersonal tie)
Region of interest
Anterior insular cortex (AIC)
-- Left AIC
-- Right AIC
Striatum
- Dorsal striatum (caudate)
-- Left dorsal striatum
-- Right dorsal striatum
- Ventral striatum (nucleus accumbens)
-- Left ventral striatum
-- Right ventral striatum
Posterior superior temporal sulcus (pSTS)
- Left pSTS
- Right pSTS
Anterior cingulate cortex (ACC)
Left orbitofrontal cortex (OFC)
Ventromedial prefrontal cortex (VMPFC)

Self gains at the
expense of other
Pearson p-value
0.19
0.3270
0.18
0.3566
0.14
0.4591
0.09
0.6362
0.21
0.2718
0.21
0.2695
0.18
0.3585
-0.07
0.7293
-0.15
0.4435
0.01
0.9594
0.58
0.0011
0.40
0.0312
0.57
0.0013
0.26
0.1684
-0.45
0.0149
-0.12
0.5337

*

***
*
***
*

Other gains at the
expense of self
Pearson p-value
0.61
0.0004 ***
0.63
0.0003 ***
0.46
0.0127 *
0.52
0.0043 ***
0.55
0.0020 ***
0.43
0.0203 *
0.59
0.0008 ***
0.39
0.0344 *
0.16
0.3941
0.48
0.0089 **
0.28
0.1396
0.27
0.1645
0.19
0.3299
0.64
0.0002 ***
0.18
0.3472
0.38
0.0447 *
Other gains at the
expense of self
Pearson p-value
-0.12
0.5420
-0.08
0.6744
-0.14
0.4571
0.11
0.5562
0.11
0.5875
0.21
0.2786
-0.01
0.9613
0.10
0.5887
0.23
0.2341
-0.06
0.7757
0.32
0.0928
0.01
0.9485
0.54
0.0027 ***
-0.08
0.6835
0.27
0.1630
-0.06
0.7670

* p <= .05
** p <= .01
*** p <= .0043, False Discovery Rate (FDR) corrected value of .05 over all correlations in the table

<Table 3.4 continues on next page>
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<Table 3.4 continued from previous page>
Correlations with contribution of Other in
round 21-25 (previous cooperation success)
Region of interest

Self gains at the
expense of other

Other gains at the
expense of self

Pearson

p-value

Pearson

p-value

Anterior insular cortex (AIC)

-0.13

0.5160

-0.20

0.3105

-- Left AIC

-0.04

0.8382

-0.24

0.2062

-- Right AIC

-0.21

0.2732

-0.09

0.6486

Striatum

0.29

0.1209

0.01

0.9705

- Dorsal striatum (caudate)

0.34

0.0684

0.02

0.9200

-- Left dorsal striatum

0.43

0.0201

0.11

0.5619

-- Right dorsal striatum

0.19

0.3227

-0.07

0.7080

- Ventral striatum (nucleus accumbens)

0.17

0.3664

-0.01

0.9707

-- Left ventral striatum

0.11

0.5854

0.01

0.9729

-- Right ventral striatum

0.19

0.3132

-0.02

0.9257

Posterior superior temporal sulcus (pSTS)

0.63

0.0003

***

0.38

0.0413

- Left pSTS

0.68

0.0000

***

0.22

0.2610

- Right pSTS

0.38

0.0436

*

0.42

0.0245

Anterior cingulate cortex (ACC)

0.08

0.6826

-0.13

0.5135

Left orbitofrontal cortex (OFC)

-0.19

0.3304

-0.01

0.9397

0.04

0.8315

0.11

0.5656

Ventromedial prefrontal cortex (VMPFC)
Correlations with contribution of Self in round
26-28 (future investment behavior)
Region of interest

*

Self gains at the
expense of other

*
*

Other gains at the
expense of self

Pearson

p-value

Pearson

p-value

Anterior insular cortex (AIC)

0.01

0.9629

0.14

0.4710

-- Left AIC

0.08

0.6689

0.11

0.5857

-- Right AIC

-0.10

0.5981

0.16

0.4176

Striatum

0.29

0.1209

0.33

0.0809

- Dorsal striatum (caudate)

0.33

0.0793

0.34

0.0754

-- Left dorsal striatum

0.38

0.0420

0.43

0.0185

-- Right dorsal striatum

0.22

0.2444

0.19

0.3207

- Ventral striatum (nucleus accumbens)

0.19

0.3285

0.27

0.1574

-- Left ventral striatum

0.14

0.4651

0.22

0.2530

-- Right ventral striatum

0.19

0.3279

0.22

0.2499

Posterior superior temporal sulcus (pSTS)

0.58

0.0009

***

0.47

0.0108

- Left pSTS

0.60

0.0006

***

0.29

0.1293

- Right pSTS

0.39

0.0371

*

0.48

0.0081

Anterior cingulate cortex (ACC)

0.16

0.4054

0.21

0.2844

Left orbitofrontal cortex (OFC)

-0.12

0.5450

0.05

0.7980

Ventromedial prefrontal cortex (VMPFC)

-0.13

0.4989

-0.12

0.5288

*

*

*
**

* p <= .05
** p <= .01
*** p <= .0043, False Discovery Rate (FDR) corrected value of .05 over all correlations in the table

61

CHAPTER 3

62

NEURAL CORRELATES OF DYNAMIC INTERPERSONAL TIES PREDICT PROSOCIAL BEHAVIOR

63

CHAPTER 3

3.4 Discussion
We isolated the influence of public good game interaction on neural responses in different
sharing contexts, by subtracting normalized fMRI signals that were separated in time by
the interaction. We investigated the post- minus pre-interaction difference signal in these
sharing contexts (other gains at one’s own expense and vice versa), subtracting out the raw
neural responses to the division of monetary resources themselves. This somewhat
unconventional analysis method allowed us to uniquely isolate the influence of
intermediate public good game interaction on neural responses during imposed sharing,
and determine the relation of these responses to empathy, interpersonal ties, past
cooperation success and future prosocial investment behaviour. We found neural correlates
of empathy and interpersonal tie measures in these interaction-related fMRI signals,
showing that our neural correlates of these measures depend on the intermediate public
good game interaction. Moreover, we show that the neural correlate of the interpersonal tie
measure is uniquely related to past cooperation success and future prosocial investment
behaviour.
Although neural correlates of empathy only emerged after having interacted with the other
participant (Figure 3.4), these correlates could not be related to previous cooperation
success or to future choice behaviour (Table 3.4). Thus, while these correlates only
emerged as a result of interaction, they do not seem to result from specific choice
outcomes, or result in specific choices. This suggests that the relationship between trait
empathy and economic interaction is more generic. One possibility may be that trait
empathy is only expressed when the other person turns out to be a ‘real’ actor in the world.
Bear in mind that during the pre-interaction DOT, subjects are told that the ‘other’ is a
random anonymous subject from the experiment and that there is no interaction with that
participant. The combination of anonymity and a lack of interaction may lead to
dehumanization, lessening empathic responses during the pre-interaction DOT (Cehajic et
al., 2009).
The pSTS correlate of the interpersonal tie on the other hand, exhibits a more specific
interaction-related pattern. Like empathy, it only emerges as a result of public good game
interaction. However, this signal could also be linked to previous cooperation success and
to future cooperative choice behaviour in subsequent rounds of the public good game.
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Moreover, tie-related activity only correlated with pSTS activation in the context of
receiving a monetary reward at the expense of the other. This seems to link pSTS
activation to positive choice outcomes. Possibly, the degree to which self-favouring
outcomes engender activation in the pSTS depends directly on past cooperation success,
extending previous findings on the role of the pSTS in tracking the effects of one’s actions
on other agents’ decisions (Hampton et al., 2008). Similarly, Haruno & Kawato (2009)
have shown that the degree to which subjects are able to exploit other agent’s strategies is
uniquely predicted by STS activity. We suggest that pSTS activation during forced sharing
correlates with the interpersonal tie one has developed with another participant during
previous interaction, even though this activation is captured outside and apart from the
interaction. This alludes to a long-term representation of the interpersonal tie that outlasts
representations that are temporally contained within the time frame of the interaction itself.
Taken together, our results suggest that during economic interaction, tie-related
mechanisms are more closely involved in experience-based choice than trait empathy. As
we established that our trait empathy measure and our interpersonal tie measure were
uncorrelated, it seems unlikely that trait empathy plays a direct role in the formation of
interpersonal ties and choice behaviour during economic interaction. However, trait
empathy might play a modulating role in determining the influence of interpersonal ties on
experience-based choice. A regression analysis of our empathy and interpersonal ties
measures together with an interaction term established that only interpersonal ties
predicted cooperative behaviour. This suggests that neither trait empathy, nor its
interaction with interpersonal ties, determines subsequent choice behaviour.
Importantly, we measured empathy in our experiment by establishing the degree to which
someone is able to experience empathic emotions. Therefore, only trait-like aspects of
empathy were considered. However, the degree to which empathy is experienced at any
given moment in time can change depending on the situational context. For example, a
person may feel more empathy towards a person that behaves nicely than towards a person
that does not (Singer et al., 2006). As we did not measure the degree of empathy
experienced during the experiment directly, we could not assess the influence of empathic
experience on choice-behaviour directly. Other studies suggest that feelings of empathy or
activity in empathy-related networks do play a role during prosocial behaviour (Hein et al.,
2010; Masten et al., 2011), which seems to be at odds with the findings we present here.
Importantly however, these studies investigated non-interactive instances of prosocial
65

CHAPTER 3

behaviour, in which the other is not expected to reciprocate the good deed bestowed onto
them. Experiments like these often use verbal descriptions or passive viewing of
characters. In our experiment, participants were involved in actual interaction with
interaction partners. So even if feelings of empathic concern play a role during choicebehaviour, our results suggest that in interactive experience-based contexts such as the one
investigated here, this influence cannot be traced back to a stable empathic trait.
We find correlations between trait empathy and the AIC and ACC only when the other
gains at one’s own expense, and not when resource transfer is in the opposite direction. In
the DOT, negative (resource-losing) events for oneself go hand in hand with positive
(resource-gaining) events for the other. Hence, outcomes that benefit the other at one’s
own expense can either be interpreted as ‘painful’ (resource-losing) events for oneself, as
positive (resource-gaining) events for the other, or as a combination of the two. AIC and
ACC have been implicated in empathy for both positive (Jabbi et al., 2007) and negative
(Wicker et al., 2003) events, but also in a more general brain network known as the ‘pain
matrix’, thought to be involved in the perception and appraisal of pain (Singer et al.,
2004b). Following reverse inference, one interpretation might be that there is a correlation
between trait empathy and one’s own ‘pain’ responses when having to share. If true, one
would expect to also see them in the pre-interaction DOT. This is not the case (see Figure
3.3), suggesting that the correlations are driven by empathic concern for the other’s benefit
as a result of having interacted with that person, rather than by pain over one’s own loss. In
line with this interpretation, we not only found correlations in AIC and ACC, but also in
striatal circuitry typically associated with reward processing (Moll et al., 2006; Haber and
Knutson, 2010). Although speculative, another person’s benefit may register more strongly
as a reward signal for individuals with higher empathy levels.
This finding is interesting in light of common theorizing about empathy. Empathy is
generally thought to be ‘other-oriented’, being able to tune into or share the affective
experiences of others (positive or negative) (de Waal, 2008; Singer and Lamm, 2009).
Here, we have the special situation where a positive event for the other is accompanied by
a negative event for oneself and vice versa (sharing). We only see correlations with
empathy when the other gains at one’s own expense and not the other way around. This
suggests that the ‘other-orientation’ of empathy is modulated by the direction of the
resource transfer involved in sharing. Empathic subjects engage empathy-related structures
(AIC, ACC) during sharing - even when these events are painful for themselves - but only
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when their own suffering helps the other along, and not the other way around. Although
speculative, empathic subjects may use their ability to empathize to help alleviate,
counterbalance, compensate, or justify their own suffering when having to share, while
empathy-related responses do not manifest when the tables are turned, possibly as a result
of joy over one’s own profit.
More generally, the expression of neural correlates of empathy and interpersonal ties in
different sharing contexts may tell us something about their function in prosocial behavior.
While the interpersonal tie correlate seems to be expressed more strongly in a sharing
context where oneself benefits at the other’s expense, the network structure involved in
empathy seems to be engaged more strongly when one suffers loss that benefits another.
This may point to different functional contributions of these regions to prosocial behavior.
The pSTS may be used to keep track of the utility that other agents constitute in the short
run, enabling immediate prosocial behaviour during interaction. The empathy network on
the other hand, may work to overcome negative emotions that are associated with loss.
Although our study suggests that this is not translated into short-term investment choices
during economic interaction, it may enable cooperative behavior in the long run,
countering the adverse effects of absorbing temporary loss associated with social
interactions.
Summarizing, previous cooperation success and future cooperation did not correlate with
activations in structures related to empathy (AIC, ACC), reward (striatum) or social
decision-making (OFC, VMPFC). However, previous cooperation success and future
cooperation did correlate with pSTS activation, which we found to be related to
interpersonal ties. This suggests that interpersonal ties and trait empathy may recruit
different neural networks, of which only the former drives cooperative behaviour during
interaction. Moreover, individual differences in pSTS activation predicted individual
differences in prosocial investment behaviour in subsequent rounds of the public good
game. This predictive value is important, as it suggests that the pSTS plays a role in
keeping track of the dynamically evolving interpersonal tie underlying the willingness to
invest in a shared public good. We conclude that during experience based economic
interaction, networks are engaged that keep track of interpersonal ties over longer periods
of time, possibly enabling choice-outcome estimation in social settings, with the pSTS
emerging as a key element.
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A word of caution is also in order. The regions that were highlighted in our experiment
have previously been related to many elementary operations, of which we discuss only a
few. For example, the pSTS has also been linked to perception of biological motion
(Perrett et al., 1989; Bonda et al., 1996), perception of intentional action (Castelli et al.,
2000; Saxe et al., 2004) as well as speech perception (Demonet et al., 1992; Mottonen et
al., 2006). AIC has been implicated in eye movements (Anderson et al., 1994), speech
production (Dronkers, 1996; Ackermann and Riecker, 2004) higher order learning
(Seymour et al., 2004), interoceptive awareness (Critchley et al., 2004; Khalsa et al., 2009)
and even consciousness at large (Craig, 2009). Likewise, the ACC has been implicated in
interoception (Critchley et al., 2004; Khalsa et al., 2009), reward based decision-making
(Bush et al., 2002), error detection and conflict monitoring (Gehring et al., 1993) and
various related cognitive and emotional processes (Lane et al., 1998; Bush et al., 2000).
The striatum has traditionally been implicated in planning and modulation of movement
(Rolls, 1994), but recently more prominently in reward processing (Moll et al., 2006;
Haber and Knutson, 2010), novelty-based choice behavior (Wittmann et al., 2008) and
higher-order learning (Seymour et al., 2004). Together, this paints a picture of a highly
complex network in which regions work together to achieve certain functions, plausibly
providing different functions in different contexts and at different moments in time.
Although we have attempted to isolate empathy and tie-related mechanisms, the idea that
these mechanisms are solely implemented in the regions that we highlight is most likely an
oversimplification. More likely, these functions are achieved through interactions between
and within regions, executing various more elementary subprocesses to provide more
complex higher-order functions. Our study does not allow us to tease apart empathy and
tie-related mechanisms into their elementary processes. However, it does provide pointers
as to where these higher-order functions seem to be expressed most strongly, and what
their role is in interactive experience-based choice. Relatedly, it deserves mention that we
did not have a control group in which the other participant in the post-interaction DOT was
either a non-human player (computer) or another anonymous participant from the
experiment. Although it is unlikely that the specific activation patterns we observed can be
attributed to non-specific effects such as game repetition, boredom or exhaustion, future
studies employing a similar design might do well to include such controls.
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Neural underpinnings of dynamic social ties
formation in a public good game1
4.1 Introduction
Unlike most animal species, humans cooperate with individuals beyond kins and
reproductive partners. We also create and maintain relationships with genetically unrelated
individuals and the strength of these relationships influences our level of cooperation with
other individuals. Indeed, we are more likely to offer our help and support to our best
friend than to a complete stranger. Surprisingly, in economics, the role of interpersonal ties
has not been incorporated in formal models of social decision making until very recently
(van Dijk and van Winden, 1997). Even less studied are the cognitive and neural
mechanisms underlying the formation and development of such ties.
Previous models of interdependent utilities formalize the care for other’s welfare in
our choice by considering that one’s utility also depends on utility of interacting partners
(Sobel, 2005). In most models, the way the well-being of interaction partners is
incorporated is typically considered as stable, reflecting a personality trait inherent to the
agent like in the well-known inequality aversion models (Fehr and Schmidt, 1999; Bolton
and Ockenfels, 2000). Furthermore, they do not take into account the interaction history.
These models thus fail to explain why our level of cooperation might change depending on
the relationship we have formed with the person we are interacting with. This issue also
received attention from social psychologists (see for example Reis et al., 2000).
In this paper, we test a model of choice in which the weight attributed to the
welfare of an interacting partner in the decision to be made represents the affective care for
1

The research in this chapter is based on joint work with Nadège Bault, Johannes Fahrenfort, Richard
Ridderinkhof and Frans van Winden.
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this person, what we call the social tie. As we saw in Chapter 2, van Winden et al. (2008)
define a social tie as “a caring about the interests of a specific other person, based on
feelings experienced while interacting with that other person. Sentiments are the affective
component of interpersonal attachments and are considered to be a key element of a social
tie” (p5). Social ties form over time, as the interaction unfolds and tend to blur the
boundaries between the interacting partner and the self. The tie developing between two
interacting partner thus depends on the past interaction as well as the emotional responses
attached to the present behavior of the partner. We consider individual differences in
emotional responses to the kindness of others and in the impact of past interactions. These
two traits constitute the parameters of our theoretical model.
Behavioral empirical evidence supports the idea that social ties are an important
factor in the decision to cooperate with others. van Dijk et al. (2002) had participants play
a repeated two-person nonlinear public good game to show how social ties develop and
found that their formation during the economic game were explained by the interaction
success, as measured by cooperation level or earnings. Moreover, in a four-player game,
the most cooperative groups were also those who created the most positive ties
(Sonnemans et al., 2006). The strength and valence of the ties formed with each of the
other group members was related to their contributions to the public good. As assumed by
the social ties model (van Dijk and van Winden, 1997), the impact of interaction success
on social ties was mediated by emotions (Brandts et al. 2009). These studies suggest that
interpersonal ties have an important role in social decision making process. Consequently,
models of social interactions should take them into account. Investigations on the
neurobiological underpinning of human social behavior have just begun to explore the
question of affective attachment such as friendship (Fareri, 2012; Krienen, 2010), romantic
attachment (Aron, 2005; Fisher et al., 2005; Zeki, 2007) and sympathy (Decety and
Chaminade, 2003). However, only already existing ties have been investigated and the
brain processes underlying the development of (new) ties are still unknown. More
importantly, the neural circuitries supporting the existence of social ties mechanism and by
which social ties modulate economic decision making remain to be elucidated.
Several brain areas are susceptible to encode social ties. The anterior cingulate
cortex (ACC) has been previously implicated in romantic attachment (Bartels and Zeki.
2000). Empathy, a concept crucial for the development of affective bonds recruits the ACC
and anterior insula (AI; Singer, et al. 2004, Singer, et al. 2006, Singer, 2006, Fahrenfort et
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al., 2012). The posterior superior temporal sulcus (pSTS) is a good candidate for keeping
track of social ties. The pSTS responds to biological motion and several types of social
stimuli. Its activity changes when viewing the faces of cooperative partners (Singer, et al.
2004), friends and loved ones (Bartels and Zeki. 2000). It is keeping track of other agent’s
strategies (Haruno & Kawato, 2009), as well as one’s influence on the other agent’s
choices (Hampton et al., 2008). Finally the activity of the amygdala was found to correlate
with the social value orientation of individuals (Haruno and Frith, 2010). Other regions
directly implicated in cooperative decisions might have their activity also modulating
social ties. Winning a monetary gain together with a friend rather than with a stranger
activated reward-related structures such as the striatum and the mPFC (Fareri et al, 2012).
The mPFC is also implicated in making trait judgment of close friends (Krienen, 2010;
Heatherton, 2006) and in trust (Kruger, 2007). Cooperative decisions involved the medial
prefrontal cortex (mPFC) in a trust game (McCabe et al., 2001), in the Ultimatum Game
and Prisoner’s Dilemma Game (Rilling et al., 2004). Given these previous results, we
hypothesized that the affective component of the interaction, i.e the tie formed between
interactive partners might be encoded in the ACC, amygdala, insula and pSTS. Making a
decision to cooperate and trust others seem to implicate more frontal regions such as the
mPFC.
In our study, we aimed at linking up the parameters of the social ties model with
neural activity through model-based functional magnetic resonance imaging (fMRI). The
social tie model was estimated in the context of a repeated pair-wise public good game.
Our goal was to test whether the brain keeps track of the tie formed between a participant,
whose brain activity was recorded, and a counterpart. We were interested in distinguishing
regions encoding the emotional impact derived from the other player’s choices and regions
encoding a more integrated, long-term signal corresponding to the tie. Furthermore, we
investigated how the tie value is incorporated in the decision to contribute to the public
good.

4.2 Methods
4.2.1 Participants

Thirty two pairs of healthy volunteers participated in the experiment for financial
compensation. The brain activity of one participant of each pair was measured using
functional magnetic resonance imaging (fMRI); for the second participant, behavior only
was monitored. Participants were Dutch or international exchange students at the
71

CHAPTER 4

University of Amsterdam. Three pairs of participants were excluded because one of the
interaction partners had not fully understood the Public Good game instructions, as
indicated by one of our comprehension measures. For six pairs, it was not possible to
estimate the behavioral model because of a lack of choice variability. Thus, 22 pairs of
participants were included in the analyses. The 22 remaining participants in the scanner
had an average age of 22.6 (s.d.±2.7) and 14 of them (63.6%) were males. Their 22
interaction partners had an average age of 23.3 (s.d.±4.5). The study was approved by the
local ethical committee. Written informed consent was obtained from all participants prior
to experimentation.
4.2.2 Experimental procedure

Participants were tested in pairs. Of each pair, one subject was positioned in the scanner
while the other was seated in a separate room. The procedure was fully anonymous, such
that subjects would never see each other or get any information about the other subject
other than through computer-interfaced interaction during the public good game. Each pair
played 29 rounds of an anonymous public good game (PGG). Both before they got any
information about the PGG and (unexpectedly) after the 25th round of the public good
game, subjects were administered a distributional outcome test (DOT; Farhenfort et al.,
2012) which enables the empirical measure of an interpersonal tie. At the end of the second
DOT, they played the remaining 4 rounds of the PGG. In standard public good games,
contributions typically drop in the last rounds. The second DOT was thus administered
before the end of the PGG in order to avoid any contamination of the end of game effect on
the tie measurement. Participants then completed a post-scan questionnaire related to the
task and an emotional empathy scale questionnaire (BEES Mehrabian and Epstein, 1972;
Mehrabian, 1997). After the experiment, participants were paid out according to their
earning during the tasks. Earnings summed up to an average of 45 euros per participant.
Results concerning the DOT and the last 4 PGG rounds have been published elsewhere
(Farenfhort et al., 2012).
4.2.3 Public good game

Participants played 29 rounds of a non-linear public good game with the same interaction
partner. In each round, participants could freely divide 12 monetary units (MU) between
their private account and a public account. The private account generated earnings for the
participant only, whereas the public account generated earning to both players. The payoff
consequences of contributions to the public account were made explicit by use of an onscreen payoff table (see Table 4.1). Payoffs in this table were given by 14 ∗ (G + H) +
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32 ∗ (12 − G) − (12 − G) − 160 , where x stands for a subject’s own contribution to
the public account, while y denotes the other subject’s contribution to the public account.
The game has an interior standard Nash equilibrium, equal to 3 MU. The social optimum is
also interior in the action space and corresponds to a contribution of 10 MU. Prior to the
public good game, extensive instructions were given, followed by nine multiple-choice
questions to check for understanding.

Table 4.1: Payoff matrix of the Public Good Game

YOU

OTHER
0

1

2

3

4

5

6

7

8

9

10

11

12

0

80

94

108

122

136

150

164

178

192

206

220

234

248

1

85

99

113

127

141

155

169

183

197

211

225

239

253

2

88

102

116

130

144

158

172

186

200

214

228

242

256

3

89

103

117

131

145

159

173

187

201

215

229

243

257

4

88

102

116

130

144

158

172

186

200

214

228

242

256

5

85

99

113

127

141

155

169

183

197

211

225

239

253

6

80

94

108

122

136

150

164

178

192

206

220

234

248

7

73

87

101

115

129

143

157

171

185

199

213

227

241

8

64

78

92

106

120

134

148

162

176

190

204

218

232

9

53

67

81

95

109

123

137

151

165

179

193

207

221

10

40

54

68

82

96

110

124

138

152

166

180

194

208

11

25

39

53

67

81

95

109

123

137

151

165

179

193

12

8

22

36

50

64

78

92

106

120

134

148

162

176

Note: The standard Nash equilibrium of the game is (3,3) whereas the Pareto optimum is (10,10).
The corresponding payoffs appears in bold in the table but were not highlighted in the table shown
to the subjects during the experiment.

4.2.4 Time course of a trial

Each trial consisted of three phases: 1) decision about contribution, 2) decision about
expectation of the other’s contribution and 3) feedback. Participants were first presented
with an instruction screen with the sentence “How do you want to allocate your MU this
round?” during 2 s. Then the payoff matrix appeared with the choice options of the
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participant depicted as rows and the choice options of the partner depicted in columns.
They could navigate between rows to make their choice using 2 buttons of an MRcompatible response box placed in the subject’s right hand and validated their choice at
any time using a third button. Their choice was shown during 2s. Then, a second
instruction screen displaying “How do you think the other will allocate his or her MU in
this round?” was presented during 2s. The payoff matrix appeared and they could choose
the expected contribution of the other by navigating between columns of the matrix. This
choice remained during 2s. A screen displayed “Please wait for the other to respond”
during 500 ms followed by a black screen during 6s. The feedback screen, displayed
during 16s, then showed both participants’ contributions to the public account as well as
the participant’s payoff.
4.2.5 Social ties model

The behavioral model tested in the present study is based on the social ties model already
developed by van Dijk and van Winden, (1997). This model theorizes social ties as the
attachment that builds up during economic interactions between individuals. Following the
general idea of interdependent utilities, individuals in our model put a weight on the
welfare of their interaction partners in their utility function. However, in contrast with
other theories, this weight is dynamic, evolves over time depending on the interaction
history and, more importantly, on the feelings the individual derived from the interaction.
Such a formalization of social ties is very appealing for it allows for various kinds of
behavior such as standard selfish behavior, fixed other-regarding preferences like altruism
and inequity aversion, mimicking behavior and reciprocity (for more details on the model
and its implications, see Chapter 2 and van Winden, 2012).
The utility function is defined as follows2:
=

+

.

(4.1)

where Pit is the payoff of player i at period t (calculated from the non-linear formula given
above) and

2

represents i’s tie with j at time t.

Notice that we did not include foresight in this specification of the model. The first reason is simply that
these analyses were run before the investigation of mixture models in Chapter 2. It also lets all subjects with
the same number of parameters for our second level analysis (see Section 4.3.4.).

74

NEURAL UNDERPINNINGS OF DYNAMIC SOCIAL TIES FORMATION IN A PUBLIC GOOD GAME

The social tie is formalized as:
=
with

.

the tie persistence and

+

.

(4.2)

the tie proneness of individual i. The parameter

represents the strength with which an emotional impulse feeds the social tie. This impulse
is itself a function of a stimulus, which can be described as a difference between the actual
behavior of the other and some reference point. The impulse is attached here to the period
t-1 since the tie is actualized according to what happened in the last period. In our case, the
impulse corresponds to the contribution of the other minus a reference contribution which
is the standard Nash equilibrium of the PGG (i.e. 3).
=

−

"#$

(4.3)

We assumed that individuals are imperfect utility maximizers when choosing their
contribution level to the public good. This is captured by the following equation:

'

=

eIJKLM
∑'N = eIJKLM

(4.4)

In this framework, Pikt is the probability for player i to choose contribution k at period t,
and θ is a parameter that calibrates how sensitive the player’s choice are to differences in
utility.
Parameter estimation was done using maximum likelihood estimation (MLE) with
the matlab function fmincon. The estimation was run on individual data using participants’
contributions in the 25 rounds of the PGG before the DOT interruption. For the remaining
participants, the +,

and

parameters were individually estimated. The value of α was

computed according to equation (4.2). We thus obtained a series of 25 values of α for each
participant. These values were then used as a parametric regressor in the fMRI models (see
below).

4.2.6 fMRI: Data Acquisition and Analyses

4.2.6.1 Images acquisition and preprocessing
Images were acquired on a Philips 3T Intera scanner. The functional recordings were
acquired using a T2*-weighted sequence [40 coronal slices; flip angle (FA), 80°; echo time
(TE), 30 ms; repetition time (TR), 2.3 s; slice thickness, 3 mm; field of view (FOV), 220 ×
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220 mm; in-plane voxel resolution, 2.3 × 2.3 mm]. Sessions ended with the acquisition of a
high-resolution anatomical image using a T1 turbo field echo sequence [182 coronal slices;
FA, 8°; TE, 4.6 ms; TR, 9.6 s; slice thickness, 1.2 mm, FOV, 256 × 256 mm; in-plane
voxel resolution, 1 × 1 mm]. Pre-processing and data analysis was performed using the
fMRI Expert Analysis Tool (FEAT), v5.98 from the FMRIB’s Software Library package
(FSL, http://www.fmrib.ox.ac.uk/fsl). fMRI images were motion corrected, slice-time
aligned, aligned to the structural image of the subject, and spatially smoothed using a
Gaussian kernel of 5 mm and high-pass temporally filtered using a Gaussian envelope of
50 s. Anatomical brains were extracted from the structural images, and transformed to the
standard space of the Montreal Neurological Institute (MNI) using FMRIB’s Non-linear
Image Registration Tool (FNIRT). Finally, the functional data were co-registered to the
MNI brain using non-linear parameters obtained from FNIRT.
4.2.6.2 fMRI Models
Voxel-wide differences in BOLD contrast within the smoothed normalized images
resulting from the different task conditions and trial types were examined using FSL
FEAT. Standard neuroimaging methods using the general linear model (GLM) were used
with the first level (individual subject analyses) providing contrasts for group effects
analyzed at the second level (group analyses).
We introduced all events of the trial (Instruction 1, decision, button press, decision
validation, instruction 2, decision expected contribution other, button press 2, decision
validation 2 and feedback) in the same GLM in order to attribute signal variance to all
known sources of variance.
Both instruction periods were modeled as epochs of 3s duration, time-locked to the
display of the instruction screens. The decision period was modeled as a variable epoch,
time-locked to the display of the PGG matrix and ending with the button press indicating
choice validation (self-paced). Similarly the decision of the expected contribution of the
partner had its onset locked to the PGG matrix display and lasted until response validation.
Two delta function regressors modeled button presses to navigate between rows and
columns of the PGG matrix to choose the contribution level and expected contribution of
the partner respectively. Two delta function regressors modeled button presses to validate
decisions regarding the contribution level and expected contribution of the partner
respectively. The feedback period started when the feedback screen was displayed with 16s
duration.
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Additional regressors were introduced to model parametric modulations. In model
1, the social tie parameter estimated with our behavioral model was introduced at the time
of choice and the parametric effect of the impulse was modeled during the feedback phase.
In model 2, the parametric effect of contribution level was introduced during the period
between the last option selection and the validation of the choice.
All regressors were convolved with the canonical hemodynamic response function.
4.2.6.3 Connectivity analyses: beta seed correlations
Beta seed correlations analyses were performed using the methodology described by
Rissman et al. (2004). Separate covariates were used to model activity evoked during two
trial phases, the beginning of the decision and the period between the last option selection
and the validation of each individual trial. This first step was implemented in FSL in the
context of a general linear model. The resulting parameter estimates (beta values) were
sorted according to the stage from which they derived to form a set of decision-specific and
a set of validation-specific beta series. Correlation of the seed’s beta series (averaged
across the seed voxels) with the beta series of all other voxels in the brain was computed
using Matlab (http://www.mathworks.com), and seed correlation maps were generated.
The correlation coefficients were then converted to z scores. Group-level random effects t
tests were then conducted to identify voxels for which the mean of the individual subjects’
transformed correlation coefficients was reliably greater than zero.
4.2.6.4 Statistical threshold, activations localization and reported statistics
Reported coordinates conform to the Montreal Neurological Institute space. Activations
are reported as significant when p < 0.05, corrected for multiple comparisons using clusterwise control of the false discovery rate with an initial cluster threshold of z = 2.5.
Anatomic labeling of activated regions was performed using atlases in FSLview.

4.3 Results
4.3.1 Behavior

Scanned participants contributed an average of 6.258 MU in the public good and their nonscanned counterpart 6.235 MU. The scanned group earned 154.775 MU and the nonscanned group 155.275 MU. They expected their partner to contribute 6.215 MU and 6.687
MU respectively. There was no difference in contribution level and earnings (t-test p>0.9)
between the two groups. The average time for choosing how many MU to contribute was
13.91s.
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4.3.2 Model estimation

The average log-likelihood for the estimation was -1616.6945 across the 22 scanned
participants. We found the following estimated parameters at the group level: + = 0.0422;
= 0.4320;

= 0.0911.

Table 4.2: Activation results - Model 1 – Social Tie Parameter

Location

Side

Voxels

Z

p

MNI Coordinates

Bilateral

1538

4.97

<0.001

-6

-84

-16

Lat. Occipital Cortex

Left

460

4.37

<0.001

-32

-86

16

Lat. Occipital Cortex

Right

334

3.99

<0.001

24

-74

42

Precentral Gyrus

Left

303

3.72

0.0019

-44

-8

56

Lat. Occipital Cortex

Right

257

4.12

0.0062

32

-82

4

Superior Parietal Cortex

Right

184

3.54

0.0447

28

-46

40

Bilateral

3279

4.69

<0.001

10

-76

10

TPJ

Right

678

4.4

<0.001

52

-62

24

pSTS

Right

3.78

48

-42

2

TPJ

Right

3.7

42

-56

16

TPJ

Right

3.67

44

-66

26

pSTS

Right

3.2

60

-44

4

pSTS

Right

3.12

58

-52

16

pSTS

Left

504

3.85

<0.001

-52

-58

14

TPJ

Left

502

3.72

<0.001

-52

-70

42

DLPFC

Left

215

3.55

0.0189

-52

26

18

+ Social tie - Choice Phase
Occipital Pole

- Social tie - Choice Phase
Occipital cortex

4.3.3 Parametric effect of the social tie (alpha) parameter during the choice phase

During the choice period, pSTS [peak

voxels

Montreal

Neurological

Institute

coordinates (x, y, z); left: (-52, -58, -14) and right: (48, -42, 2)], TPJ [left: ( -52, -70, 42)
and right: (52, -62, 24)] and the left DLPFC (-52, 26, 18) showed a negative parametric
modulation by the social tie parameter estimated using our behavioral model (see Table 4.2
and Figure 4.1).
The positive contrast only revealed activation in the occipital cortex and precentral
gyrus which are more likely to be related to higher visual and motor activity associated
with higher tie than to encoding the tie per se.
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4.3.4 Activity related to the model parameters δ1 and δ2

In our model, δ

represents tie persistence and thus reveals the speed at which the tie

decreases over time (decays) if the interaction is not maintained. δ

represents the tie

proneness, the emotional impact of the other’s behavior on the new tie. These two
parameters are thought to reflect stable personality traits. We thus tested the hypothesis
that inter-individual differences in these two parameters will result in different activity in
brain areas encoding the tie when a decision is made. We used the δ

and δ

parameters

as parametric regressors at the second level of brain data analysis. Both parameters
correlated with activity in TPJ (MNI coordinate at p<0.001 unc., δ : left -58 -56 38; right

44 -66 28; δ : left -52 -60 14; right 52 -62 24), pSTS (δ : left -66 -62 10; right 46 -42 2;

δ : left -52 -32 -4; right 48 -2 2).

Figure 4.1 - Parametric effect of social ties: At the time of choice, activity in the
pSTS and TPJ was parametrically modulated by the value of the tie estimated by the
behavioral model. Z map projected on the subjects’ averaged brain.
4.3.5 Parametric effect of the impulse during the payoff phase

During the phase in which the other player’s contribution and the payoff were revealed, a
large set of brain regions were parametrically modulated by the impulse (i.e. contribution
of the other – Nash equilibrium contribution). Among those, the anterior cingulate cortex
(ACC; 10, 30 24), bilateral insula [left: ( -32, 22, -6) and right: (40, 18, -14)], pSTS (50, 26, -8), TPJ [left: (46, -50, 12) and right: (-54, -56, 14)], orbitofrontal cortex (18, 60, -16)
and ventral striatum (8, 16, -8) showed a positive relationship with the impulse (see Table
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4.3 and Figure 4.2). The negative contrast revealed activity in the posterior superior
temporal gyrus.
Table 4.3: Activation results - Model 1 – Emotional Impulse Parameter
Location

Side

Voxels

Z

p

Right

40601

7.42

<0.001

MNI
Coordinates

+ Emotional Impulse - Outcome Phase
Lat. Occipital Cortex

28

-74

-22

PCC

2

-36

22

Brainstem

-4

-28

-10

40

18

-14

Ant. Insula

Right

Middle Frontal Gyrus

Right

2806

5.54

<0.001

40

18

26

Bilateral

2705

4.56

<0.001

10

30

24

Ant. Insula

Left

678

4.68

<0.001

-32

22

-6

pSTS

Right

484

4.23

<0.001

50

-26

-8

OFC

Right

271

3.62

0.0145

18

60

-16

ACC

+ Emotional Impulse - Outcome Phase
(secondary peaks)
Nucleus Accumbens

Right

4.98

8

16

-8

Inferior Frontal Gyrus

Left

4.88

-40

10

24

Precentral Gyrus

Left

5.05

-34

-4

54

pSTS/TPJ

Right

4.64

46

-50

12

Middle Frontal Gyrus

Right

4.32

30

6

48

pSTS/TPJ

Left

4.65

-54

-56

14

- Emotional Impulse - Outcome Phase
Posterior Superior Temporal Gyrus

Right

580

4.72

<0.001

58

-30

12

Posterior Superior Temporal Gyrus

Left

454

4.32

<0.001

-52

-36

14

Lat. Occipital Cortex

Left

372

4.25

0.0018

-50

-74

26

254

4.06

0.0210

22

-46

14

Ventricle

4.3.6 Specificity of activations relate to the tie and impulse

Because the impulse function is included in the tie parameter, these two variables were not
statistically independent preventing us to include them in the same model during the same
phase. Thus, to test for the specificity of brain activity to a more integrated signal social
tie, we also tested a model in which the tie was included during the payoff phase and the
impulse during the choice phase. During the payoff phase, parametric effects of the tie and
impulse yield to very similar activations, suggesting that at this stage brain activity in the
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ACC, insula and pSTS, OFC and striatum is related to a response to the decision of the
other. In contrast, during the choice phase the pSTS activation related to the tie
disappeared when the parametric modulator was the impulse. This suggests that the pSTS
encode a more abstract signal related to the tie with the other player rather than his
immediate past behavior. The pSTS might update the tie between the payoff and
subsequent choice phases, encoding an integrated signal.
4.3.7 Parametric effect of the contribution level

We next looked at brain areas which activity was directly involved in the decision process
of a contribution level (see methods, FMRI Analyses, model 2). The mPFC (0, 50, 8),
posterior cingulate (0, -44, 40) and middle frontal gyrus (34, 52, 30) were modulated by
the contribution level (see Table 4.4 and Figure 4.3).

Figure 4.2 - Parametric effect of the impulse: Brain areas which activity
showed a parametric modulation by the impulse at the time of outcome. Z map
projected on the subjects’ averaged brain.
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4.3.8 Connectivity

Beta seed correlation analyses revealed a link between the activity related to the
contribution level in the mPFC and the tie encoded in the pSTS. The seed region was
determined from the analysis of the parametric effect of the contribution level. The seed
region was a 4 mm sphere around the peak voxel of the mPFC cluster. We found that the
activity of this region just before validating the selected option correlated with the activity
of the right and left pSTS at the beginning of the choice phase (see Figure 4.4). The
correlated clusters in the pSTS overlapped with those from the parametric analysis of the
tie.

Figure 4.3 - Parametric effect of the contribution to the public good: At the time
of choice, activity in the mPFC and PCC was parametrically modulated by the
contribution to the public good by the subject in the current trial. Z map projected on
the subjects’ averaged brain.

Table 4.4: Activation results - Model 2 – Contribution Parameter

Location

Side

Voxels

Z

p

MNI Coordinates

Occipital Cortex

Bilateral

1705

4.92

<0.001

12

-80

-4

Posterior Cingulate Gyrus

Bilateral

706

3.84

<0.001

0

-44

40

Medial Prefrontal Cortex

Bilateral

345

3.72

0.0046

0

50

8

Occipital Cortex

Right

328

3.87

0.0064

8

-78

32

Middle Frontal Gyrus

Right

266

3.35

0.0222

34

52

30

+ Contribution - Choice Phase

82

NEURAL UNDERPINNINGS OF DYNAMIC SOCIAL TIES FORMATION IN A PUBLIC GOOD GAME

4.4 Discussion
The goal of the study was to test a model of choice which conceives the weight attributed
to another individual’s utility as a dynamic process which depends on the affective
reactions to the other’s behavior. We aimed at characterizing the brain mechanisms
implicated in choosing how much to contribute in a repeated public good game. The model
presented here has several components including an impulse function capturing the
emotional reaction elicited by the other’s choice in the previous trial. We found that during
the feedback phase, this impulse function was encoded in brain regions previously
implicated in reward-based emotions and especially in social affective reaction such as the
insula, striatum, ACC, pSTS and TPJ.

Figure 4.4 - Connectivity analysis: At the time of choice, activity related to the
contribution in the mPFC correlated with activity related to tie encoding in the pSTS.
The brain on the right shows the location of the seed region, the brain on the left
shows the voxels which activity significantly correlated with the seed region. T map
projected on the subjects’ averaged brain.

In the model, the impulse function is used to update a tie value. This tie represented
how much we care about the other. The tie builds over time and therefore constitutes an
integrated signal. It represents the history of the interaction with the other, more
particularly the history of the emotional reactions to this behavior, and could thus be
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imagined as a stock variable of these emotional impulses. We found that the tie value was
specifically encoded in the pSTS and TPJ. Interindividual differences in the way the
impulse impacts the new tie and the decay of the tie were also found in the pSTS and TPJ.
Finally, the activity of the pSTS at the beginning of the choice phase correlated with the
activity of the mPFC at the end of the choice phase. Thus we identified brain
underpinnings of all components of our behavioral model.
The results suggest that the emotional reactions to the previous choice of the other
is encoded in a large network, with a more integrated signal in the pSTS and TPJ keeping
track of the history of this interaction and representing the tie formed with the other. This
tie is then used to make future decisions, implicating the mPFC and PCC. Several brain
regions have been identified as underlying social behavior. However, the specific
implication of each of these areas and the computations they operate remains unclear. Our
work cast new light on mechanisms implicated in decisions to contribute to public goods.
Economic theories of social preferences propose that when making a decision we
attach a weight to the payoff of interacting partner. When one’s choice might impact the
wealth of other individuals, the utility associated to a particular option depends not only on
one’s own payoff but also on the other individuals’ payoff, weighted by a factor reflecting
our social attitude. Economists generally assume these preferences to be exogenous (Fehr,
2011). In interdependent utility theories (Sobel, 2005), the weight attached to the welfare
of others is considered to be fixed, constituting a stable personality trait. Individuals are
treated as if their dispositions (either prosocial, individualistic or antisocial) were
completely independent of the interacting person or of the context. Economists justify not
explaining behavioral changes by preference changes by stating that it introduces too many
free variables. However Fehr and Hoff (2011) argue that “recent progress in scientific
methods renders this argument obsolete” (op. cit., p399). Indeed we were able not only to
estimate dynamic other-regarding preferences but we also showed that specific brain areas
were keeping track of the developing ties, providing evidence of the biological plausibility
of the social ties model.
A set of brain areas including the mPFC, pSTS, TPJ and PCC is consistently
activated during social interaction. Yet, the nature of the tasks used in many experiments
makes it difficult to determine the type of computation they might perform. The use of
model-based fMRI seems promising in this perspective. Here we were able to distinguish
between regions implicated in the affective response to an interactive partner’s decisions,
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and regions encoding a signal reflecting a more long-term tie building with this partner.
Indeed, during the feedback phase, the anterior insula, ACC and nucleus accumbens were
parametrically modulated by the value of our model representing the kindness of the
other’s choice. These threeregions are consistently activated in response to the affective
evaluation of social situations (Vrticka and Vuilleumier, 2012; Fareri et al., 2012),
including social emotions such as empathy and disgust. pSTS and TPJ also had their
activity modulated by the other’s behavior. Besides, during the choice phase, the pSTS and
TPJ activity reflected a signal integrating the choice of the other in the previous round with
the tie previously formed with the other. The relationship between the tie value and the
pSTS and TPJ activity was negative. This is consistent with previous findings concerning
the brain underpinnings of friendship (Bartels and Zeki. 2000), although another study
report the opposite relationship (Krienen & al, 2010). Given the known role of the pSTS
and TPJ in mentalizing, it makes sense that growing closer to somebody decreases activity
in these regions as efforts made to infer the intentions of others also decreases with
closeness.
Interestingly, our results parallels those of Hampton et al. (2008) who are trying,
using a model-based fMRI approach, to uncover the neural underpinnings of a model of
choice that includes the influence that a player’s action had on the opponent strategy. They
found that, while mPFC tracked the predicted reward associated with a particular choice,
activity in pSTS corresponded to an update of the influence signal once feedback about the
game has been provided. They argue that “whereas signals in mPFC relating to
expectations may be used to guide choice during game performance, signals in pSTS may
be used to modulate or change influence expectations on the basis of the actual outcomes
experienced” (Hampton et al., 2008; p5). We also found the signal in mPFC to be driving
the choice of the contribution level in the decision phase and pSTS to be both implicated in
the update of the social tie (i.e. the coding of the impulse) at the outcome phase and in the
representation of the integrated social tie during the choice phase. Thus, the application of
quantitative models in these two different frameworks appears consistent and helps us
disentangle the different roles played by the neural networks usually activated in social
interactions.
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Chapter 5
The pen or the sword? An experimental study
of verbal feedback and monetary punishment
in a public good game1

5.1 Introduction
How does feedback take place in day-to-day social interactions? Which channels do people
choose when it comes to reward or punish their interaction partners for their behavior? One
of the most natural ways of doing so may be simply to tell people what you think about
what they did. If this is obviously not the only channel, we can accept that verbal
communication, either oral or written, is maybe the first thing that one would think about.
Writing an angry email to your roommate when he left a huge pile of dishes in the sink
before going on vacations or making a quick speech to thank people for helping you
moving and painting your new flat are some examples of such “verbal feedback”. These
examples reflect some of the goals of communication: express your emotions (anger in our
first example, gratefulness in the second) and trigger emotional reactions in the target (guilt
and shame, joy and pride). We do not argue that these are the only motives for verbal
feedback. For example, social norms may also play a role: it may only be seen as a polite
and necessary action to thank people when they help you. However, we think that the
emotional load of communication, as well as its low (or null) cost and its easy availability
make it a relevant and potentially good device to trigger cooperative behavior in social
interactions.
However, economists typically started by implementing monetary feedback
mechanisms, especially punishment mechanisms that are costly for both the punished and

1

The research in this chapter is based on joint work with Jean-Louis Rullière and Frans van Winden.
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the punishing parties. These devices were probably not used first for their realistic feature
but more as they constitute economic representations of any kind of punishing behavior.
Following the seminal paper of Fehr and Gächter (2000), a lot of article has focused
particularly on public good games (among others, see Nikiforakis, 2008; Nikiforakis and
Normann, 2008; Carpenter, 2007a; 2007b; Noussair and Tucker, 2005; Cinyabuguma et
al., 2006; Hopfenstitz and Reuben, 2009; Gächter et al., 2008). Main conclusions from
these works are that free riders are punished in proportion to their deviation from the group
average and that this punishment causes cooperation level to rise. The authors also suggest
that emotions, and more particularly anger, are the guarantors of the credibility of the
threat and the effectiveness of the mechanism. However, such effectiveness appeared to
depend on the impact-to-cost ratio of the device (the ratio between what it costs to the
punished player on the cost of punishing). Indeed, Egas and Riedl (2008) showed in a
convincing paper that only the most effective punishment scheme was increasing
contributions compared to baseline, whereas less effective schemes failed. Nikoforakis and
Normann (2008) also found cooperation levels to be correlated with the impact-to-cost
ratio of the punishment mechanism, with less effective mechanisms being unable to sustain
cooperation. In terms of efficiency, these studies conclude that efficiency is not always
improved by punishment mechanisms, due to the financial cost of punishment both for the
punishing and the punished parties. However, Gächter et al. (2008) found that this only
holds on the short run whereas in the long run punishment is less and less used while its
availability still maintain high cooperation levels.
Some studies were also interested in the other side of the coin, reward (among
others, see Sefton and Steinberg, 1996; Sefton et al., 2007; Rand et al., 2009; Andreoni et
al., 2003). For example, Sefton et al (2007) found that reward led to a small increase in
group contributions and earnings, mainly due to initial rounds, and that this increase did
not survive repetition. This ineffectiveness was caused by the lack of focal point about
when to use reward and where it should be targeted. Punishment, on the other hand,
entailed sustained group cooperation, even if this positive impact on earnings was hindered
by the cost of punishment. Contrary to Sefton et al. (2007), Rand et al. (2009) used a
repeated game environment and found reward to be as efficient as punishment in
improving cooperation as well as generated earnings. Also based on the fact that reward
fosters more cooperation than punishment when both actions are available, they conclude
that positive interactions are a better support for cooperation.
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A few papers have also been interested in symbolic (i.e. non-monetary) punishment
or reward (Masclet et al., 2003; Noussair and Tucker, 2005; López-Pérez and Vorsatz,
2010; Le Lec et al., 2012; Dugar, 2006; Peeters and Vorsatz, 2011). In a public good game
setting, Masclet et al. (2003) implemented a system of “disapproval points” that were
costless, both for the sender and the receiver. They found that non-monetary punishment
also increases contributions, but that this effect was not lasting over time compared to
monetary punishment. In the same line, Peeters and Vorsatz (2011) used a smiley (frowny)
system as a signal of (dis)approval (again costless for both parties). They found that such
system increases slightly cooperation, but only in a repeated game framework (partner
matching procedure). All in all, these results suggest that the expression of disapproval,
through symbolic signals, can increase cooperation for a limited amount of time but is not
powerful enough to sustain it on the long run.
It has to be noticed that communication has not been absent of the social dilemmas
literature. Nevertheless, most papers studying communication focused on pre-play
communication, often called “cheap talk” (for example, Sally, 1995; Bochet et al., 2006;
Charness and Dufwenberg, 2006; Bohnet and Frey, 1999). If the goal of increasing
cooperation is the same, cheap talk is mostly used as a coordination device where subjects
typically announce their intended actions and what they expect the others to do, either
verbally or simply with a numerical value. Among others, Bochet et al. (2006) studied
different pre-play communications devices in a voluntary contribution experiment. They
find that verbal communication was indeed effective in raising contribution level but only
under the form of face-to-face communication or of public chat-rooms, an experimental
design differing in many aspects from ours (see Section 5.2).2 However, we are not
interested here in the type of content (expectations, commitments, promises, etc…)
involved by pre-play communication but really in the use of communication as a feedback
device, as a parallel of monetary and non-monetary reward and punishment device. This
approach was followed by three studies. Ellingsen and Johanesson (2008) run a one shot
dictator game allowing the receiver to send back a free-form message to the dictator. They
found that donations increased by almost 40% (from 24.84% to 34.12% of the endowment)
when messages were implemented compared to a baseline treatment. Also, the number of
2

Chat rooms took place only every three rounds (and before the round). Messages were public among the
group, meaning that every group member had access to all messages. Finally, all the messages had to be
approved by a member of the experimental team in order to be effectively sent and readable. This last feature
might actually be one of the causes of the effectiveness of the mechanism as subjects might have wanted to
avoid appearing as liars by not following what they said in their message (see Charness and Dufwenberg
(2006) for the effects of promises on trustworthiness).
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null donations decreased from about 40 to about 20 percent while the number of equal
splits increased from about 30 to about 50 percent. They concluded that anticipated verbal
reward and punishment play a role in the promotion of altruistic behavior. Using very
similar experimental procedures, Xiao and Houser (2005; 2009) found weaker behavioral
effect in the dictator game setting.3 On the contrary, they do not find any effect on
proposals in an ultimatum bargaining game where responders had the possibility to send
back a message along with their decision to accept or reject an offer. However, it is very
interesting to notice that rejections of unfair offer are significantly less frequent when
responders can send back a message and convey their feelings to the proposer, suggesting a
substitutability between

costly (the rejection of the offer) and free punishment (the

message).
These results points out to the effects of emotion expression on decision-making,
both from the expresser and his target. People want to avoid disapproval and the “sharp
tongue” (Xiao and Houser, 2009) but are also willing to accept less favorable outcomes
when they have the possibility to use their “sharp tongue”. Interesting questions arising
from these results concern the impact of these messages on the next decision and the
emotional channels underlying these dynamics in decisions. These are the questions that
we are trying to answer in this paper. We transpose the verbal feedback mechanism of the
one-shot games described above (Ellingsen and Johanesson, 2008; Xiao and Houser, 2005;
2009) into a public good game environment to see if such a tool has a sustainable impact
on cooperation. Using self-reports, we are trying to understand which emotions are caused
by ex-post communication and impacting the dynamics of contributions. Section 5.2
presents the experimental procedures and Section 5.3 shows the results. Section 5.4
concludes.

5.2 Experimental Design
Each experimental session was composed of two parts. As it is usual practice, the two parts
were announced at the beginning of the session, when the instructions were read aloud by
the experimenter4, but the content of the second part remained unknown to the subjects
until the disclosure of the corresponding instructions, after the end of the first part. Each
3

They argue that this might be due to the fact that they instructed subjects to avoid foul or threatening
language, contrary to Ellingsen and Johanesson (2008).
4
Translations of the instructions of the Communication Treatment (CT) and the Punishment Treatment (PT)
are available in Appendix 5.1. Each part of the instructions involved a short quiz at the end in order to ensure
the good understanding of the procedures. After letting a few minutes to the subjects in order to answer it, it
was corrected aloud by the experimenter. Participants had the possibility to raise their hand in order to ask
questions that the experimenter would answer in private.
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part corresponded to one of the treatment described below. We will first present the three
different treatments before detailing the composition and the general procedures of the
sessions that were run.
5.2.1. Baseline Treatment (BT)
This constitutes the baseline on which the two other treatments are built so that all the
features of BT (number of repetitions, matching procedures, etc…) are identical in the two
others. A public good game was played in groups of four subjects and repeated for 10
rounds. The group composition was reshuffled after each round (the so-called “stranger
matching” procedure) and subjects were reminded of this at the beginning of each round.
This stranger matching was chosen because we are interested in verbal feedback and not in
pre-play communication. By avoiding any identification of the subjects between rounds
and changing group composition every round, we minimized the use of communication
(see the Communication Treatment (CT) below) as a cheap talk device but rather
implemented a feedback mechanism as closed as possible to what would have occurred in
a one-shot game5. Each group member was identified with a number (from Player 1 to
Player 4) that changed from round to round due to the reshuffling of the groups.
In the beginning of each round, subjects were endowed with 20 tokens and had to
indicate how many they wanted to keep for themselves and how many to allocate to “a
project” (i.e. the public good). Each token contributed to the project yields 0.4 ECU
(Experimental Currency Unit) to every member of the group while each token kept was
returning 1 ECU for the subject. Like in every standard linear public good game, the
standard Nash equilibrium was that all tokens were kept while the Pareto-optimum
consisted of the allocation of the full endowment to the public good. Once all members of
the group had made their decision about the number of tokens to contribute to the project,
from 0 (nothing) to 20 (the full endowment), a first feedback screen appeared showing the
payoff of the participant, in ECU, for the current round. After validation of this screen by
all members of the group, a second screen was showing a table indicating the individual
contributions to the project (members were identified by their ID), both in tokens and as a

5

We are not claiming that our repeated game with a stranger matching procedure is equivalent to a one-shot
game, especially when the probability of meeting another time the same subject is quite high as in this
experiment (16 or 20 subjects per session). However, we wanted to make subjects focus on feedback about
what just happened and this stranger protocol prevented them from using the communication device as a
coordination mechanism for the next round of play.
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percentage of the group total contribution. Once all members got to know it, a last screen
reminded them their payoff for the round. They could then move to the next round.
5.2.2. Communication Treatment (CT)
In this treatment as well as the Punishment Treatment (PT; see below), each round was
divided in two stages. The first stage corresponded in fact to a round of BT. The second
stage took place once subjects got to see the individual contributions of their group
members. They were then offered the possibility to send a message to each one of them “in
order to express themselves about their behavior”. The messages were sent at no cost
(neither for the sender nor the receiver) and their content was totally free. However, we
indicated and emphasized in the instructions that, for the sake of the experiment,
anonymity should be kept by all participants.6 No other instruction was given in that
matter. Messages could be individualized (but obviously subjects had the possibility to
copy/paste the same message to all the other members of his group) and their content was
private, meaning that besides the sender, only the receiver of the message could read it.
Finally, these messages were not anonymous and senders knew that their ID number of the
round would appear next to their messages.
Concretely, after validation of the individual contributions screen, subjects saw a
screen showing an empty cell in front of each other group member ID. In order to send a
message to a particular group member, subjects had to click in the corresponding cell and
type their message. If they did not want to send a message to a particular group member,
they simply had to leave the cell empty. In order to avoid wrong recollections of individual
contributions and thus errors in the messages sent, this information was made available in a
small frame on the left of the screen. Once subjects were sure about the messages they
wanted to send, they were asked to validate in order to continue.
Then, subjects got to read successively each of the messages sent to them by their
group members. Each message was shown on a separate screen which also indicated the ID
of the sender. In the case where no message was sent by a particular player, the screen
simply displayed “Player X did not send you any message”. Once they read the eventual
message and validated, subjects saw a screen where they had to self-report on five
emotional items: joy, sadness, anger, pride and shame/guilt7. More precisely, they were
6

This was respected by all participants. We did not find any message where subjects declared their identity.
We decided to group together shame and guilt as we supposed that a non-negligible number of participants
would not be able to make a clear distinction between the two concepts. We acknowledge that we may lose

7
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asked to indicate on a scale from 1 to 7 how intensely they felt these emotions when they
read the message shown on the previous screen. A value of 1 corresponded to “not at all”
while a value of 7 corresponded to “very strongly”.8 As soon as they answered for the 5
items and validated, the message from the next participant appeared and so on until the last
group member. Once they got to read and to report their emotions for all messages, a
screen reminded them their payoff for the round (corresponding to the payoffs of the first
stage) and they could then go on to the next round.
Even though not often used in economics, there are several reasons to measure
emotions using self-reports. First, self-reports measures have been shown to correlate with
physiological measures (in psychology, see Bradley and Lang, 2000; in economics, an
example is Ben Shakar et al., 2007). Second, social emotions like guilt, shame or pride are
harder to track based on physiological measures and as well as to identify using facial
expressions (Adolphs, 2002; Tangney and Dearing, 2002). As a consequence, self-reports
appear as a very good way to measure these emotions and a valid measure according to
psychologists and more particularly, emotion theorists (Ortony et al., 1988).
5.2.3. Punishment Treatment (PT)
In this treatment, the second stage was not devoted to communication but rather to
monetary punishment. In that matter, we followed the canonical design of Fehr and
Gächter (2000). After subjects got to know individual contributions, a screen appeared,
very similar to the one of CT. In front of the ID of each other member of their group was
displayed a cell where subjects had to indicate the number of punishment points they
wanted to assign to this particular player, from 0 to 10 points. Each point received by an
individual decreases his earnings from the first stage by 10%. The total decrease is thus
determined by the total number of points received by a player from the three other
members of his group, up to the limit of 100% (if a player receives ten points or more). A
decision to send zero point will thus correspond to let the payoff of the first stage intact
while sending ten points corresponds to its full destruction. However, sending punishment
points is also costly for the punisher. The costs for sending points to an individual player
control over the self-reports using this design but we believe that the essential idea that we wanted to capture
through this grouped item is still there, as shame is often seen in the general public to be simply the social
side of guilt.
8
We also asked subjects for their emotions even in the absence of message (the same holds for the absence of
punishment in PT, see below). Indeed, we believe that in some situations the absence of message could
trigger emotional reactions. We can give the examples of a free rider who might feel very happy to not
receive any complaint about his behavior or, on the other hand, of the only contributor of a group who may
be sad to not get any apologies.
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are indicated in Table 5.1 and follow a convex function. The total costs for one player will
thus be the sum of the three individual punishment costs. This total cost was indicated on
the decision screen and updated every time the subject changed the number of points
allocated to one of the three other counterparts. Like in CT, the information about
individual contributions was available on the left of the screen. Subjects had to validate
once they were sure about all their punishment points to be sent.
After that, subjects entered the same sequence as in CT, where they got to know
successively the number of points sent by each other group member. This information was
private so that only the sender and the receiver got to know how many points were sent.
The screen simply displayed: “Player X sent you Z points and thus decreased your payoff
of the first stage by 10.Z%”. Again, subjects had then to self-report on the five same
emotions after each of these screens. Once this was done for the three other counterparts, a
screen detailed the payoff of the subject for the past round. If the subject received less than
10 punishment points in total this round, he received his earnings of the first phase reduced
according to the number of points he received, from which was also subtracted the total
costs of the punishment points he attributed during the round. If the subject received 10
points or more, his earnings from the first stage were null and he simply lost the costs of
the punishment points he sent9.

Table 5.1: Costs (in ECU) of the Attribution of Punishment Points
Points

0

1

2

3

4

5

6

7

8

9

10

Cost

0

1

2

4

6

9

12

16

20

25

30

5.2.4. General Procedures
An experimental session was composed of two parts, each consisting of 10 rounds. Once
the second part ended, subjects had to fill a very short questionnaire about a few
demographics. They were then paid in cash and in private in a separate and closed room.
One round from each of the two parts was randomly selected to be paid out. The selected
rounds from both parts were only announced at the end of the experimental session to
avoid any income effect. On top of that, we added a show-up fee of 5€. Moreover, in order
9

Subjects were warned in the instructions that they could make negative earnings on one round but that they
could avoid such losses with certainty by their own decisions.
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to minimize the risk of making negative gains from the experiment (and thus end up with
less than the show-up fee), we included a 10 ECU so-called “participation” fee in the
sessions involving PT to cover for their eventual losses10. The rate of exchange adopted
during all sessions was 3 ECU = 1€.
Table 5.2: Details on Experimental Sessions
Session ID

Number of Subjects

Treatments

1

20

PT - CT

2

16

PT – CT

3

16

CT – PT

4

20

CT - PT

5

20

CT – BT

6

20

BT – CT

Sessions were run at the GATE laboratory (Lyon, FR) using the software RegateNG (Zeiliger, 2000). Subjects were recruited through the software ORSEE (Greiner, 2004).
They were mainly business and engineering students belonging to the schools closed to the
laboratory. Six sessions were run. A summary of the sessions is presented in Table 5.2.
Four sessions consisted of both CT and PT. Order was counterbalanced so that two
sessions started with CT while the two others started with PT. The two remaining sessions
involved both BT and CT, again with a counterbalanced order. Twenty subjects
participated in all sessions except for two CT/PT sessions, where not enough subjects
showed up and only 16 subjects took part in the experiment11. In total, 112 subjects
participated in the experiment among which 40 (35.7%) were female. A session lasted on
average 1 hour and 40 minutes and subjects earned on average 22.64€.

5.3 Results
We will first present the aggregate patterns of contributions in the different treatments
before digging deeper into how our two feedback mechanisms (monetary punishment and
verbal communication) are performing and functioning. We will study the subjects’
decisions to send feedback and, as far as communication is concerned, which kind of
10

Negative payoffs occurred only three times in all our sessions. Two of them could be covered by the 10
ECU fee (-3.4 ECU and -1.78 ECU). One subject had however a payoff of -31.8 ECU, as he attributed a total
of 22 punishment points (10, 7 and 5) to the other group members. The concerned round was not selected for
payment.
11
Fortunately, this happened once for each order.
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feedback they are sending. We will also investigate the variables underlying the dynamics
in contribution decisions. In all these analyses, we will consider the impact of the
emotional reactions to feedback.

5.3.1. Aggregate Contribution Patterns
The average contributions in tokens for BT, CT and PT are respectively 2.31(11.55% of
the endowment), 4.97 (24.86%) and 10.57 (52.85%).12 Figure 5.1 presents the average
contribution over the 10 rounds of a part for the three different treatments.13 For BT, we
can observe quite low level of contributions: indeed, the first round average contribution is
4.55 tokens, representing less than 25% of the endowment. This low start is followed by
the usual decaying trend and the average contribution ends up being almost null (0.58
tokens). For PT, the average contribution starts around 50% of the endowment (10.65
tokens) and fluctuates around this level to reach its lowest value at the last period (9.56
tokens). Clearly, the punishment appears able to maintain a certain level of cooperation but
12

Fehr and Gächter (2000) obtained an average of 11.5 tokens (57.5%) when punishment was available, a
number quite close to what we obtain. They obtain an average of 3.7 tokens (18.5%) when no punishment
was available, which is higher than what we get. However in their case, the treatment without punishment
was run together with the treatment with punishment, whereas in our case it was run with CT. This may
explain the difference.
13
Notice that we pooled data corresponding to different parts, meaning that period 1 refers to the first round
of a part (or treatment), not of an experimental session (so it could also be the 11th overall round played by a
subject). Nevertheless, we control for order effect in the subsequent regression analyses.
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fails to increase it to much more than 50% of the endowment. The pattern is different for
CT. The starting point lays in the middle of BT and PT, at nearly one third of the
endowment (6.46 tokens). The level of cooperation stays very constant for the first five
periods before progressively dropping to reach a very low level (1.89 tokens, less than 10%
of the endowment). From this quick glimpse to aggregated behavior, it seems that the
verbal feedback mechanism is less trusted in the beginning (lower starting point than PT)
and unable to sustain a level of cooperation over the long run although it does so for a
limited number of periods.
Table 5.3: Treatments Effects (OLS and Random Effects)
OLS

Random Effects

2.662***

1.891***

(0.348)

(0.333)

8.259***

7.060***

(0.371)

( 0.408)

-0.391***

-0.391***

(0.0438)

(0.036)

-4.864***

-4.864***

(0.505)

(0.410)

8.843***

3.333***

(0.752)

( 0.489)

Number of observations

2240

2240

R²

0.207

0.206

Communication

Punishment

Period Number

Order Effect (=1 if first part)

Constant

Note: There is one observation per subject and per round. Standard errors appear in
parentheses. *** indicates significance at the 1% level, ** indicates significance at the
5% level, * indicates significance at the 10% level.

Table 5.3 is showing very simple regressions of the contribution choice of an
individual on two dummies reflecting the presence of verbal feedback or monetary
punishment (the reference treatment thus being BT), a dummy controlling for order effect
and on a time trend. Both OLS and random effect panel regression confirm what we
observed previously. If communication appears to have a positive and significant effect on
contribution level, monetary punishment is more effective in raising cooperation. We also
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observe a negative and significant impact of both the time trend and of being in the first
part of the session.
5.3.2. The decision to send feedback
Figure 5.2 is showing the use of punishment (both the decision to punish or not and the
number of points) and of messages through time and per individual14. We can notice a
strong decay both in the use of punishment (from 0.67 players punished on average in the
first period to 0.15 in the last) and in its intensity (from 1.11 points on average in the first
period to 0.18 in the last15). On the other hand, we see that the use of verbal feedback
increases quite quickly to stay steady, around 1.10 messages sent on average. But what
motivates our subjects to use the feedback mechanisms that we made available? To answer
this question, we ran probit regressions on the decision to either send a message (in CT) or
to punish (in PT, independently of the number of points sent)16. As explanatory variables,
we input the receiver’s deviation from the group average contribution, the deviation
between the sender’s and receiver’s contribution, a time trend and a dummy indicating if
the considered treatment was played first in the session17. We also adjusted the standard
errors for clusters at the subject level. Results of these probit regressions can be found in
Table 5.4. Quite naturally, the deviation from one’s own contribution has a positive effect
on both the decision to punish or to send a message. The lower is your contribution
compared to mine, the higher my tendency to punish or send you a message. Interestingly,
the deviation from the group average contribution has a different effect in the two
treatments. The probability of punishment is higher the more the receiver falls short from
the group average contribution, in line with results from previous experiments. On the
other hand, the probability of sending a message is higher the more the receiver contributes
compared to the group average. This is most likely reflecting the fact that communication
also enables subjects to “reward” others with nice messages and that these messages may
be thankful or apologizing messages (see content analysis below). Consistent with what
14

A subject can send up to three messages and can punish up to three players each round. On the other hand,
he can send up to 30 punishment points per period.
15
If we condition on the actual presence of punishment, the average number of points is 2.76 in the first
period and 1.63 in the last. So punishment is both less probable and less violent towards the end of the
treatment.
16
As a consequence, we have in this case three observations per subject and per round since subjects have the
possibility to send feedback to any of their three group members. Tobit regressions on the number of points
sent (see Appendix 5.2) yields very similar results concerning the significance and signs of the different
regressors.
17
We also ran all analyses concerning CT including an extra dummy for the other treatment (either BT or
PT) that was played with CT. Since no results were changed with this variable and that it never reached
significance, we do not report it.
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appeared in Figure 5.2, we see difference in the coefficients of the time trend: while it is
positive for CT, where messages are more and more used due to the decrease in
contributions, it is negative in PT. Concerning any order effect, we see only a marginally
significant coefficient for PT: it appears that punishment is more used when PT is played
after CT. This might stem from the frustration due to the low effectiveness of
communication. Thus, when CT was played first, subjects might have enjoyed the
effectiveness of punishment in the second part and used it more.
In order to confirm some of the assertions and interpretations that we made based
on the previous results of CT, a possibility is to dig into the content of messages and to see
which types of messages were actually sent. Given the high number of messages sent
(1247), we decided to restrict the analysis to very simple features of messages. Namely, we
coded their valence (positive, neutral and negative) and the presence or absence of an
apology18. In both cases, we used very simple coding rules to have clear differences
between our categories and minimize the latitude in coder’s interpretation. As far as
valence is concerned, a message was considered as negative if it contained insults,
complaints about behavior or any negative judgment. Messages were coded as positive if
they included praise of the behavior of the other, thankful words or encouragements to
continue in the same way. A high proportion of messages were used to remind to the
receiver that if everybody cooperates, everybody will gain more. If such messages did not
contain any positive or negative judgment about the other’s behavior, they were
categorized as neutral messages. The very few messages (9 or 0.7% of the total number of
messages) that we could not make sense of were also categorized as neutral. In the end,
42.18% of messages were coded as negative, 35.77% were coded as neutral and 22.05%
were coded as positive. The coding of apologies was even simpler, as we based it on the
presence or absence of characteristic words such as “sorry”, “excuse”, “apology”, etc…
Using this rule, we have 5.37% of messages being categorized as apologies.19

18

This is done on top of the valence, such that an apology can also be a positive, neutral or negative message.
Such coding tasks are often attributed to external coders who are not aware of the research hypotheses.
Even if that remains an empirical question, we believe that, given the very simple and clear-cut rule that we
imposed, this would give very similar results. On top of this, it has been shown that external coders are also
not perfect and some researchers recommended the use of coordination games in order to code messages
(Houser and Xiao, 2011). Given the number of messages that we gathered, such an approach would be very
costly, both in terms of time and money.
19
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Table 5.4: Probit Models Estimating Decision to Send Messages and to Punish

Deviation Group - Receiver

Deviation Sender - Receiver

Period Number

Order Effect (=1 if first part)

Constant

Send a Message

Send Punishment Points

-0.028***

0.069***

(0.011)

(0.025)

0.041***

0.044***

(0.009)

( 0.017)

0.010

-0.049***

(0.011)

(0.017)

-0.077

-0.296*

(0.136)

(0.154)

-0.353***

-0.823***

(0.117)

( 0.153)

Number of observations

3360

2160

Log Likelihood

-2154.11

-747.23

Note: Observations consist of one decision to send a message (punishment points) to each
of the three other group members at each round in CT (PT). Standard errors appear in
parentheses and are clustered at the subject level. *** indicates significance at the 1%
level, ** indicates significance at the 5% level, * indicates significance at the 10% level.
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Table 5.5: Probit Models Estimating Decision to Send a Positive, Negative or
Apologizing Message

Deviation Group - Receiver

Deviation Sender - Receiver

Period Number

Order Effect (=1 if first part)

Constant
Number of observations
Log Likelihood

Positive Message

Negative Message

Apologizing Message

-0.094***

0.057***

0.043

(0.022)

(0.019)

(0.033)

-0.022

0.028**

-0.137***

(0.018)

( 0.014)

(0.026)

0.002

0.137***

0.008

(0.022)

(0.021)

(0.033)

0.209

-0.016

-0.068

(0.149)

(0.149)

(0.229)

-0.921***

-1.119***

-2.123***

(0.169)

(0.149)

(0.246)

1247

1247

1247

-528.19

-732.63

-172.70

Note: Observations consist of one decision to send a message to each of the three other group
members at each round in CT. Standard errors appear in parentheses and are clustered at the subject
level. *** indicates significance at the 1% level, ** indicates significance at the 5% level, *
indicates significance at the 10% level.

Table 5.5 reports probit regressions on the decision to send a positive, negative or
apologizing message20. We included the same explanatory variables as in the previous
analysis. Confirming our interpretation of the positive link between a player’s overcontribution compared to the group and his probability to receive a message as the use of
communication for rewarding purpose, we find that indeed, positive messages are more
probable to be received by subjects who contributed more than the group. Interestingly, the
difference between the sender’s and the receiver’s contributions is not significant,
suggesting that positive messages will be received by high contributors compared to the
group, not to the message sender. Apologies appears to work in the opposite way:
apologizing subjects seems to not take into account in a significant manner the deviation of
the receiver’s contribution with respect to the group, but rather the deviation with respect
to their own contribution. This result makes sense as one may only apologize for his own
behavior but will not feel responsible for the entire group. Finally, negative messages were
20

All these variables are dummy variables. We transform the coding of valence as positive, neutral or
negative into dummies for each category.
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send to low contributors, both compared to the group and the sender. We can also remark
the positive and significant time trend in the use of negative messages, reflecting the
progressive decrease of contributions in CT.
5.3.3 The Emotional Reactions to Feedback
As we saw in Section 5.1, one of the channels through which monetary punishment
and verbal communication have found their effectiveness in previous works resides in the
emotional reactions triggered by the feedback devices or their anticipation. Quite
intuitively, we may think that these reactions are triggered by the behavior of both the
sender and the receiver. As a consequence, a first step to check if such reactions play a role
in our experiment is to see how the self-reported emotional ratings of the receiver
correlated with the deviation of the his contribution with both the sender’s and the group
average. The Pearson correlations coefficients, for both CT and PT, are presented in Table
5.621. We can first see that the results are very similar whatever deviation we consider.
Anger appears to play a role in both treatments since the ratings are negatively and
significantly correlated with the deviation in contribution between the sender and the
receiver. A receiver (of a message or punishment) will be less angry the higher the
contribution of the sender or the group is compared to his own22. For CT, the other
significant correlations are positive and concern joy and guilt/shame. Even if the
coefficient is relatively low and only marginally significant, the first result seems odd and
counterintuitive. Looking at the messages provoking the highest joy ratings (a value of 7),
we found out that most of these were actually far from nice. We suspect the free riders’ joy
to be caused by the sender’s anger but this “sadistic” interpretation is very speculative and
has to be considered with caution. More naturally, a receiver will feel guiltier the more the
sender out-contributed him. On the contrary, this correlation is far from being significant
for PT, in which sadness is playing a role with a negative correlation with the deviation in
contribution.

21

Data were restricted to the case where feedback was actually used (a message sent in the case of CT and at
least one point sent in the case of PT).
22
Following the same idea, low contributors sending messages to high ones may trigger angry reactions. As
an example, we can quote the message of a subject who did not contribute at all whereas his 3 group mates
each contributed 10: “I know, I know, I should have… But it is so good to see despair in your eyes…” It is
easily imaginable that such messages would provoke angry reactions.
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Table 5.6: Pearson Correlations of Emotional Self Reports With Deviations in
Contributions
Communication Treatment

Punishment Treatment

Group-Receiver

Sender-Receiver

Group-Receiver

Sender-Receiver

Sadness

-0.036

-0.014

-0.261***

-0.227***

Joy

0.047*

0.065**

0.066

0.060

Anger

-0.205***

-0.220***

-0.357***

-0.334***

Pride

-0.005

0.008

-0.069

0.091

0.161***

0.187***

0.045

0.042

Guilt/Shame

Note: Each observation consist of one self-report (from 1 to 7) for each
message/punishment, received (data where no message/punishment was sent were
discarded). *** indicates significance at the 1% level, ** indicates significance at the 5%
level, * indicates significance at the 10% level.

One potential explanation for this asymmetry is the payoff consequence of the
feedback mechanisms. Receiving a message does not entail any monetary consequences
for the subject: thus, a free rider did not pay anything for his non-cooperative behavior and
may feel guilty for what he did. This mechanism may be absent when there is a pecuniary
punishment since the subject would have then paid for his mistake, just being sad of the
lost earnings. This interpretation is in line with results of Gneezy and Rustichini (2000)
who found that parents were picking up their children after the opening hours of the kinder
garden even more frequently after the implementation of fines for delays. The
interpretation of Gneezy and Rustichini (2000) was that under the fine system, late parents
simply considered the fines as the price for an extra-service and did not feel guilty
anymore for letting the kindergarten employees work later. Our result could also be
interested along this line: free riders who have been punished paid the price of their
deviation and thus have no reason to feel guilty anymore.
We can also investigate the emotional impact of messages based on their difference
in content. Table 5.7 shows the correlation between the emotional self-reports and the
quality of the message. First, we see that the reception of a positive message is negatively
correlated with the experienced guilt of the receiver, which is quite intuitive. On the
contrary, there is positive messages seem to provoke more anger in the recipient. To try to
understand this strange effect, we computed the same correlation separately for above and
under average contributing senders. Whereas we do not get any significant correlation
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when the sender is a high contributor (Pearson r=-0.037; p=0.319), we get a significant and
positive one when he is a low contributor (Pearson r=0.101; p=0.019). It appears that while
low contributors intended to be nice after their misbehavior, they triggered instead angry
reactions and should probably better have stayed silent. Second, negative messages appear
to provoke significantly less joy and more guilt. Finally, the reception of an apologizing
message is negatively correlated with guilt.

Table 5.7: Pearson Correlations of Emotional Self Reports With Message Content
Positive Message

Negative Message

Apologizing Message

Sadness

-0.041

0.032

0.001

Joy

0.031

-0.060**

-0.004

Anger

0.073***

-0.018

0.034

Pride

0.044

-0.027

-0.000

-0.141***

0.101***

-0.0887**

Guilt/Shame

Note: Each observation consist of one self-report (from 1 to 7) for each message/punishment,
received (data where no message/punishment was sent were discarded). *** indicates significance
at the 1% level, ** indicates significance at the 5% level, * indicates significance at the 10% level.

5.3.4. Contribution Dynamics
The goal of these feedback mechanisms is to improve welfare through the increase in the
private provision of the public good. One way of checking if they are effective in doing so
is to see how subjects change their contribution decision based on the feedback they
receive in the previous round. Concerning verbal feedback, Table 5.8 presents regressions
of the change in contribution from on round to the next on a dummy for being a high
(above group average) contributor in the last round, the number of messages received and
sent during the last round and two interaction terms from the combinations of these three
variables, since the effect of feedback might not be the same on high and low contributors.
We also added as regressors a time trend and a dummy for order effect.23. Both the number
of messages sent and received has a positive and statistically significant impact on the
change in contribution. This means that subjects are indeed influenced by the messages
they receive (see below and Table 5.11 for the impact of the content of messages on
23

Since the change in contribution is bounded between -20 and +20, we also run tobit regressions that yield
very similar results. See Appendix 5.3.
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dynamics). We also observe that the more messages they send, the more senders increase
their contribution on average. However, this effect is greatly reduced for high contributors
because of the significant and negative coefficient of the interaction term. Finally, we can
notice that the change in contributions is much lower for high contributors (by 3.56 tokens
on average)24. These results point to the fact that communication could be an effective tool
to improve cooperation since it affects positively the dynamics of contribution. However, it
does not seem powerful enough to convince high contributors to be patient and go on
contributing.
We ran similar analyses for PT (see Table 5.9). We get again a negative and
significant effect of the high contributor dummy. It also appears that the number of points
received has a positive impact on low contributors but that punishment of high contributors
(often called “perverse punishment”), on the other hand, has a very counterproductive
effect. We also observe an order effect with the fact of PT being played first having a
negative effect: it means that changes in contributions are higher when punishment is
implemented following communication. It seems that after experiencing the limited
effectiveness of communication, the monetary punishment gets even more effective in
raising cooperation.
Table 5.8: Random Effect Model Estimating Contribution Dynamics in CT
Change in contribution (Ct – Ct-1)

Coefficient

Std. Error

P-Value

Above Avg (t-1)

-3.559

0.613

0.000

Nb Messages Received (t-1)

0.566

0.246

0.021

Nb Messages Sent (t-1)

0.627

0.196

0.001

Above Avg. * Nb Msg Received (t-1)

-0.318

0.382

0.405

Above Avg. * Nb Msg Sent (t-1)

-0.588

0.282

0.037

Period Number

-0.160

0.064

0.012

Order Effect (=1 if first part)

0.090

0.332

0.787

Constant

1.198

0.579

0.038

Number of observations
Wald χ² (p-value)

1008
209.46 (0.000)

Note: We have 9 observations for 112 subjects. The variable Above Avg takes a value 1
if the contribution of the subject is greater or equal than the group average for the
corresponding round, and takes a value of 0 otherwise.

24

This effect is also present in BT. See Appendix 5.4.
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Since, for both treatments, main effects of feedback are going in the same direction,
what is explaining the big difference in contributions? One factor may reside in the
coefficient of the high contributor dummy. While the change in contribution of above
average contributors is lower (compared to low contributors) of 3.56 tokens in CT, it is
only lower of 1.86 in PT and of 1.40 in BT. It seems that high contributors do not trust the
verbal feedback to be effective. Although the number of received messages has a positive
impact on the receiver’s change in contributions, highly contributing senders reduce their
contribution by so much in the next round (the more so for those who sent messages) that
verbal feedback cannot be effective. It seems that if information about the relative
effectiveness of communication could be somehow transmitted, trust in the mechanism
may arise and cooperation would grow.
Table 5.9: Random Effect Model Estimating Contribution Dynamics in PT
Change in contribution (Ct – Ct-1)

Coefficient

Std. Error

P-Value

Above Avg (t-1)

-1.856

0.353

0.000

Nb Points Received (t-1)

0.415

0.126

0.001

Nb Points Sent (t-1)

0.314

0.198

0.112

Above Avg. * Nb Points Received (t-1)

-1.518

0.346

0.000

Above Avg. * Nb Points Sent (t-1)

-0.743

0.224

0.001

Period Number

-0.061

0.057

0.281

Order Effect (=1 if first part)

-1.108

0.288

0.000

Constant

1.758

0.475

0.000

Number of observations
Wald χ² (p-value)

648
173.17 (0.000)

Note: We have 9 observations for 72 subjects. The variable Above Avg takes a value 1 if
the contribution of the subject is greater or equal than the group average for the
corresponding round, and takes a value of 0 otherwise.

What is the role played by the emotional reactions to received feedback in the
dynamics of contributions?25 Using the same econometric approach, we input the average

25

Our experimental design is already quite intensive in terms of emotional self-reports. As we wanted to
focus on the reactions to feedback, we did not use self-reports to measure emotions before feedback sending
(i.e. the reactions to the individual contributions). Even though this limits the scope of study of the role of
emotions in our experiment, the emotional determinants of punishments have already been studied
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ratings of each of the five emotions as regressors to explain the change in contribution, as
well as the variables that were unrelated to feedback and already present in the previous
analysis. Results, presented in Table 5.10, are in line with what we found in Section 5.3.3.
For CT, guilt and anger seems to be the two emotions impacting decision making.
However, they have different effects: while guilt has a positive effect on the change in
contributions, anger appears to be counterproductive.26 These results can be related to
those of Hopfensitz and Reuben (2009) who found that anger alone could not explain
whether punishment will promote pro-social behavior as it also increases the chance of
retaliation. These authors showed that the punished party should feel shame and/or guilt
(what they call “moral reactions”) in order for him to act more cooperatively in the future.
However, they found such an effect with monetary punishment, whereas it guilty reactions
are only provoked in CT in our case. So it seems that in order to be more effective, subjects
who want to increase cooperation should play the guilt card and emphasize on the losses
that free riders entailed rather than using more angry and judgmental messages, which
might trigger angry reactions and retaliations. The picture is again slightly different for PT.
While anger still has a negative effect on the increase in contribution, probably due to the
fact that anger is triggered when points are received (sent) by high (low) contributors,
sadness has a positive impact, probably linked to the destruction of income. We found no
effect of guilt in PT, probably linked to the fact that subjects feel that they paid for their
deeds (see previous section and Table 5.6).

Finally, we can investigate the impact of messages content on the dynamics of
contributions. Table 5.11 thus presents a similar regression analysis using content-related
variables. The results are in line with the previous analyses. The reception of negative
messages (that have been shown to provoke more guilt) has a positive and significant
impact on the contribution dynamics whereas the reception of positive message (that are
provoking angrier reactions) has a negative effect. On the other hand, subjects who sent
positive messages or apologies (mostly low contributors) will increase more their
contribution in the next round. Finally, subjects who sent negative messages (mostly high
contributors) will increase less their contribution in the next round.
empirically elsewhere (see for example Hopfensitz and Reuben, 2009). Nevertheless, our conclusions relative
to emotions have to be taken for what they are, namely the emotional reactions to the messages or
punishment received. This argues in favor of a more continuous measure of emotions for future research (see
Section 5.4).
26
Tobit regressions, confirming these results can be found in Appendix 5.5.
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Table 5.10: Random Effect Model Estimating the Effects of Emotions on
Contribution Dynamics
Change in contribution (Ct – Ct-1)

Communication Treatment

Punishment Treatment

-0.132

0.758**

(0.202)

(0.304)

0.311

0.174

(0.190)

( 0.139)

-1.470***

-0.767***

(0.176)

(0.261)

-0.244

-0.124

(0.209)

(0.132)

1.537***

-0.147

(0.190)

(0.199)

-0.115*

-0.097

(0.066)

(0.062)

0.445

-0.924***

(0.345)

(0.320)

-0.169

-0.829

(0.410)

( 0.537)

1008

648

142.57 (0.000)

24.48 (0.001)

Sadness (t-1)

Joy (t-1)

Anger (t-1)

Pride (t-1)

Shame/Guilt (t-1)

Period Number

First

Constant
Number of observations
Wald χ² (p-value)

Note: The value of each emotional variable is the average of the 3 ratings that the subject
made during the previous round. Standard errors appear in parentheses. *** indicates
significance at the 1% level, ** indicates significance at the 5% level, * indicates
significance at the 10% level.

All these analyses allow us to have a quite clear picture of what is happening during
CT. High contributors in round t will send negative messages to their group members and
will decrease their contribution in the round t+1. On top of that, the eventual positive
messages that they received from low contributors will make them reduce their
contribution even more, due to the anger reactions they provoke. On the other hand, low
contributors will receive negative messages and eventually send positive or apologizing
messages. They will increase their contribution in the next period, due to the guilt felt
when reading the negative messages.
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Table 5.11: Random Effect Model Estimating the Effects of Message Content
on Contribution Dynamics in CT
Change in contribution (Ct – Ct-1)

Coefficient

Std. Error

P-Value

Nb Negative Msg Sent (t-1)

-0.721

0.201

0.000

Nb Positive Msg Sent (t-1)

1.153

0.322

0.000

Nb Apologizing Msg Sent (t-1)

1.574

0.590

0.001

Nb Negative Msg Received (t-1)

1.325

0.254

0.000

Nb Positive Msg Received (t-1)

-1.516

0.378

0.000

Nb Apologizing Msg Received (t-1)

-1.230

0.764

0.107

Period Number

-0.165

0.068

0.016

Order Effect (=1 if first part)

-0.131

0.340

0.700

Constant

0.334

0.475

0.482

Number of observations
Wald χ² (p-value)

1008
130.18 (0.000)

Note: We have 9 observations for 112 subjects for a total of 1008 observations.

5.3.5. Efficiency (payoffs)
We can easily conclude from the previous results that contributions are lower when
communication is used as a feedback device rather than when a monetary punishment
mechanism is implemented. However punishment is costly, both for the punisher and the
punished, and we still have to see if the gains from these higher contributions overcome the
losses due to the use of punishment. Table 5.12 presents the average individual payoff per
round for each treatment. Even though the ranking of grand averages over treatments
follows the ranking of average contributions, we can notice that average payoffs are not
very different from each other. Figure 5.3 shows the average individual payoff per round.
Both PT and CT clearly perform better than BT in terms of payoff. The difference between
PT and CT gathers the results observed previously in terms of contribution and use of
punishment. Resulting from this, we can observe that payoffs do not differ during the first
half (CT yields even slightly higher payoffs on average: 23.80 ECU vs. 23.12 ECU for
PT). In the second half however, the joint decreases in contribution in CT and in the use of
punishment in PT makes PT clearly more efficient (22.17 ECU for CT vs. 24.40 ECU for
PT). The lack of independent observations prevents us from running non-parametric tests
correctly. Indeed, as PT and CT were played in the same session, observations are not
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independent. However, if we take the data points appearing in Figure 5.3 as observations
(the grand average individual payoff per round) and use them to run a Wilcoxon signedrank test, we confirm our observations. While both PT and CT perform better than BT
(p=0.013 and p=0.005, respectively), the difference between PT and CT is not significant
over all periods (p=0.285) but it is for the five last periods (p=0.225 for the first five
rounds and p=0.043 for the five last rounds).

Figure 5.3 appears in line with the thesis supported by Gächter et al. (2008) that
punishment is welfare-improving on the long run, even compared to our communication
mechanism. Whereas both BT and CT follow a declining trend, the figure suggests a
positive trend for PT, due to the decrease in the use of punishment. We can also add to this
observation that the punishment device that we used is very cost efficient. We computed
the total amount of payoffs from the first stage that were destroyed by punishment as well
as the total cost suffered by the punishers. This calculation yields an average “impact-tocost ratio” of 2.52. This is quite close to the ratio of 3 that Egas and Riedl (2008) and
Nikkiforakis and Normann (2008) found as being the threshold that makes punishment
effective in raising contributions over time, suggesting that we compared communication
to a very efficient device and that it might actually have performed better than less efficient
punishment schemes.
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Table 5.12: Average Earnings (in ECU)
Treatment

Average Individual Earnings Per Round

BT

21.386

CT

22.983

PT

23.759

5.4 Discussion
This article studied the role of free verbal communication as a feedback tool to increase
cooperation in non-repeated public good games. Our results showed that, if communication
does significantly better than in the absence of any feedback mechanism, voluntary
contributions to the public good are higher using a monetary punishment scheme. If
communication appears to be able to sustain some level of cooperation for a certain
number of periods, some experience with its low efficacy convinced contributors to
progressively give up. As the number of messages stays quite stable along the experiment
(see Figure 5.2), we first tried to see if the decline of contributions after round 5 (see
Figure 5.1) was linked to the content of messages. If the number of positive messages and
apologies stays similar between the first and last five rounds, we notice an increase of the
number of negative messages sent (from 31% of all messages sent in the first half to 53%
in the second half, mainly at the expense of neutral messages, which share decreases from
46% to 26%). As this should play in favor of cooperation (we saw that negative messages
had a positive impact on change in contributions; see Table 5.11), we investigated the
emotional effect of these messages. First, it appears that the correlation between angry
reactions and the positive nature of the message (see Table 5.7) is only significant in the
second half (p=0.134 in the first half vs. p=0.023 in the second). On the other hand, the
guilt self-reports significantly correlates with the negative content of the message in the
first half (p=0.003) while this correlation is not significant in the second half (p=0.0831). It
seems that the harmful effect of positive messages (through anger provocation) appears
only after some time while at the same moment the positive impact of negative messages
(through guilt provocation) disappears. This suggests that, once the limited effectiveness of
communication has been experienced by subjects, the emotional guarantors of its limited
success do not work anymore, making contributions drop.
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Nevertheless, we showed that the change in contributions from round-to-round was
positively influenced by the number of messages received in the previous round so that, at
least to some extent, these messages increased cooperative behavior. However, this
positive influence was completely outshined by the fact that high contributors had a huge
tendency to decrease their contributions in the next round, not trusting the potential effect
of their messages. Content analysis points toward the use of communication both as a
complaint (punishment) channel and a mean of apologizing and thanking (reward) others.
We also investigated the emotions underlying the reception of messages as well as
their effect on contribution dynamics. Anger and guilt appeared to be the main emotions
involved. Indeed, subjects had a tendency to feel more guilt and less anger when they read
messages sent by members of their group who contributed more than them (or more than
the group average). Interestingly and confirming previous results, the two emotions had a
different impact on contribution dynamics. Anger generating messages were actually
harmful to cooperation and led to decreases of contributions. On the other hand, a higher
feeling of guilt led to higher changes in contributions. These results are coherent with the
link between angry reactions and the use of retaliation and on the need of moral reactions
to punishment in order to increase cooperation. Triggering angry reactions may be
attractive if one wants to verbally punish low contributors but will actually decrease their
willingness to cooperate more in the future. A sense of guilt, maybe through the
progressive perception of cooperation as the social norm, is necessary for groups to reach
cooperation and avoid retaliation through lower contributions to the public good.
Content analysis of the messages allows us to refine the picture concerning CT. As
expected, high contributors will send more negative messages to their group members. On
the other hand, low contributors will send more positive and apologizing messages. It
appeared that these positive messages were actually triggering angry reactions, suggesting
that low contributors should rather keep their mouth shut and use their contribution as a
mean of being nice. On the contrary, low contributors will increase their contribution after
having received negative messages, because of the guilt that they felt while reading them.
We also showed that the links between the messages content and felt emotions were
changing across time, suggesting an explanation for the decrease of contribution in the
second half of the CT treatment.
What transpires again from these analyses is that if some information about the
positive impact of communication on contribution dynamics could somehow be
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transmitted, we could maybe avoid the large decrease in contributions from high
contributors and reach higher cooperation levels. It looks like most subjects would be
willing to cooperate27 but that they do not trust communication to be an effective tool to
maintain high cooperation level. First periods seem to be the theatre of a lot of
miscoordination, where subjects are trying to cooperate but fail to do so, probably due to
both their distrust in the positive effect of their guilt-raising messages and the stranger
matching protocol that do not allow for an identification of types of subjects.
Taking this paper as a starting point in evaluating the possibility of using ex-post
verbal communication, many possibilities are open for further research. In order to
complete the results gathered in this chapter, making both punishment and communication
available appears as the first next step to be taken. We saw that monetary punishment was
raising cooperation but that the costs that it implicates are almost fully compensating the
gains from higher contributions to the public good. On the other hand we saw that
communication was a tool of limited effectiveness in raising contributions but that the
absence of costs reduces the gap in terms of payoffs. Could it be that, by making both tools
available, we would be able to limit the use of punishment and its consequent costs but still
to maintain its efficiency through communication, for example with the use of threats? One
could also imagine that communication would let the positive role of guilt be played and
would avoid the angry reactions to involved by punishment, raising cooperation even
further. Another interesting point to investigate would be the dynamics of the use of
communication and punishment. Would people start with threats and, facing their
ineffectiveness, start to punish? Or would they instead start using punishment right away
and then remind of what they are able to do with communication? (Sloof and van Winden,
2000). These questions are still open. Another approach would be to simply run a one-shot
game and to try to replicate the results of Ellingsen and Johanesson (2008) and Xiao and
Houser (2005; 2009) in a decision involving more than two parties. This would also allow
us, if both punishment and communication are available to subjects, to see if the
substitutability between the feather (communication) and the sword (costly punishment) is
indeed there and if subjects would abandon monetary punishment in favor of an angry
message.
Another solution in order to increase the effectiveness of communication would be
to play on the emotional intensity. Clearly, reading an angry email or having someone
27

This interpretation is also based on the 446 messages that were classified as neutral among which the huge
majority concerned the potential gains from cooperation.
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shouting at you does not trigger the same emotional intensity. Investigating factors like
realness and closeness (using voice or faces) are other interesting research tracks to follow.
Another way of playing with emotional intensity would be to make messages public in
order to increase the impact on guilt and shame. Finally, the emotional impact of
communication indicated by self-reports could lead us to the use of other measurement
techniques. We believe that for a first attempt to understand the verbal feedback problem
in a repeated game environment the identification of emotions through self-reports was
necessary, even at the potential expend of the number of possible measurements. But
future research could integrate more refined measurements, using for example skin
conductance measures or neuroimaging techniques. If these steps are still far ahead, as
more need to be learned about the mechanisms underlying communication, the use of
neuroscientific techniques would help us to dig deeper in order to understand the cognitive
and emotional mechanisms influencing decision-making. This is especially the case if one
wants to have more precise measures of emotional arousal, be able to measure them at
different points in time and have a better understanding their impact and influence on
decision-making.
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Appendix 5.A: Instructions of a PT-CT session (Translated from French)
You are taking part in an economics experiment, part of a joint research project between
two laboratories, CREED (Center for Research in Experimental Economics and Political
Decision-Making) of the University of Amsterdam and GATE (Groupe d’Analyse et de
Théorie Economique) from the University of Lyon.
This experimental session is constituted of two parts. You will be given the corresponding
instructions at the beginning of each part. If you read these instructions carefully, you can
earn a certain amount of money that will depend on your decisions as well as those of
the other participants. For each of these two parts, after the reading of the instructions,
you will have to fill a short quiz to check your understanding.
It is strictly forbidden to communicate on your own initiative during all the
experimental session. If you do not respect this rule, we will have to cancel the session
and you will not be able to ask for any financial compensation.
From now on, we shall not talk about euros but about ECUs (Experimental Currecy Unit).
Your gains will be calculated in ECUs during the whole session. At the end of the session,
the total amount in ECU that you will have earned will be converted in euros at the
following rate:
1 Euro = 3 ECU
Each of you receives a flat fee of 5 euros for his presence here as well as 10 ECU for your
participation until the end of the experimental session. At the end of the session, on top of
these two amounts, you will be immediately paid in cash and in private.
Instructions of the 1st Part
The first part of this experimental session is constituted of 10 periods. For each of these 10
periods, you are the member of a group of four participants. The composition of your
group is determined randomly at the beginning of each period. Thus, in the beginning of
each period, you are randomly associated with three new participants. An
identification number between 1 and 4 is associated to each group member: a total
anonymity is thus guaranteed. As the composition of your group change at each period,
notice that the same ID number between two periods does not mean that it is the same
participant.
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Each period is divided in two stages:
•

In the first stage, you have to decide how many tokens you want to contribute to a
project.

•

In the second stage, you will be informed of the contributions in tokens of the three
other members of your group. You can then decide to reduce their gains from the
first part by attributing points to them. The other members of your group will
also be able to attribute you points if they wish to do so.

Description of the first stage
Each participant receives an endowment of 20 tokens. You have to decide which share of
these 20 tokens you want to contribute to a project and which share you want to keep for
yourself.
Thus, you will have to indicate how many tokens you want to contribute by choosing a
number between 0 and 20. As soon as you will have chosen this number, you will also
have chosen, by subtraction, the number of tokens that you keep for yourself, namely (20your contribution to the project). Once you entered your contribution to the project, you
have to click on “validate” to confirm your decision. Once this is done, you cannot modify
your decision.
Once all the members of your goup have made their decisions about the contribution to the
project, a screen will show you the number of ECU that you earned during this first stage.
Your gains in ECU from the first part are the sum of two elements:
1: the gains from the individual contributions to the project of the four group members:
(0.4) x (the sum of contributions in tokens of the four group members)
2: The gains from the token you kept for yourself: 1 token = 1 ECU
Thus your gains from the first part are:
0.4 x (total contribution in the group) + (20 – your contribution to the project)
Notice that all the group members have the same gains in ECU from the project
contributions. For example, if the sum of contributions in your group is 60 tokens, each
group member will receive 0.4 x 60 = 24 ECU from the project.
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When you contribute one token, your gain from the project increases of 0.4 x 1 = 0.4 ECU.
But the gains of the 3 other group members also increase of 0.4 ECU. In the same way, the
contribution of each other group member increases your own gains: each token contributed
by any other group member makes you earn 0.4 x 1 = 0.4 ECU.
Each token that you will keep for yourself gives you 1 ECU. For example, keeping 5
tokens gives you 5 ECU.
To sum up, if the sum of the four contributions to the project in your group is 60 and that
you contributed 8 tokens, you gain at the end of the first stage is 60 x 0.4 + (20 – 8) = 36
ECU.
Description of the second stage
In the beginning of the second stage, a table indicating, for each of the four members of
your group, the individual contributions to the project will appear on the screen. This will
be shown in number of tokens as well as in the percentage of the group total contribution.
Once you got to read this, click on “validate” to proceed.
At this point, you can if you want reduce the gains of one or several members of your
group by attributing points to them. The other members can also reduce your gains if they
want to. To do this, you have to choose how many points you want to attribute to each of
the three other group members. You can attribute between 0 and 10 points to each of them.
In particular, choosing 0 for a member means that you decide to not decrease the gains
from this group member.
On the other hand, if you choose 1 point, you will reduce his/her gains from the first stage
by 10%. In the same way, if you choose 2 points, you reduce his gains from 20%. And so
on until 10 points.
For each member of the group, the gains from the first stage are reduced according to the
total number of points attributed by the 3 other group members. For example, if a
member of the group gets 1 point from one member, 0 from another and 2 by the last one,
his/gains will be reduced by 30%. If a participant gets 10 points or more from the other
group members, his/her gains are fully destroyed and null.
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However, the attribution of points to another group member is costly for you. The more
you will attribute points to another group member, the more your cost will increase
according to the following table:
Points:

Costs of the points in ECU:

0

1

2

3

4

5

6

7

8

9

10

0

1

2

4

6

9

12

16

20

25

30

The total cost that you bear is equal to the sum of the costs of the points attributed to the
three other members. For example, attribute 2 points to a member, 9 points to another and
none to the last will cost you 2 + 25 + 0 = 27 ECU
The total cost of the points you attribute appears on the screen. Until you click on
“validate, you can change your decision. Once this is done, you can no longer change it.
In total, your gains from the two stages are computed in the following way:
•

If you receive less than 10 points in total:
o Gain from the first stage
o Diminished by the cost of the points that were attributed to me by the
other group members: 0.1 x nb of points x gains from the 1st stage
o Diminished by the cost corresponding to the points that you attributed
to the other group members.

•

If you receive 10 points or more in total:
o Null gain from the first stage
o Diminished by the cost corresponding to the points that you attributed
to the other group members.

Remark that your total gain at the end of the second stage can be negative: this will happen
if the costs of the points that you attributed are larger than you gains from the first stage
(possibly reduced). However, you can avoid such losses for sure with your own
decisions. On top of that, the 10 ECU for your participation can be used to cover
these negative gains (above the 5€ presence fee that are guaranteed whatever happens).
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Once all group members have decided to attribute (or not) points to each of the other
members of their group, successive screens will show you the number of points attributed
by each other group member to you. Each screen shows the number of points attributed by
a particular member of your group (identified by his ID number) and the consequence on
your gains. You will be the only one to get this information. The 3 other group members
will not receive this information and, for similar reasons, you will not be informed of the
points that they received.
Once you got to know the number of points attributed, click on “validate” and you will
then be asked to answer a very brief questionnaire. You have to report the intensity with
which you experience certain emotions (sadness, joy, shame/guilt, anger, pride) when
discovering the number of points on the previous screen. A value of 1 corresponds to
“not at all” whereas a value of 7 corresponds to “very strongly”. Once you answered by
clicking on “validate”, the number of points attributed by the next group member appear
and so on until the last group member.
We arrive then at the end of the second stage. A screen is showing you your gains for this
period. The computation of these gains is done as explained above.
The payment that you will receive for the first part of the experiment is determined by the
gains obtained in one of the 10 periods that will be randomly chosen. This period will be
indicated at the total end of the experimental session.
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Instructions of the 2nd Part
This part is exactly similar to the first part, except for on change concerning the second
stage. During the 10 next periods, you will not have the possibility to attribute points to
the other group members during the second stage. Instead, you can send them messages
in order to express yourself about their behavior.
In each period, you will still know how many tokens each other member contributed to the
project in the first stage. At this moment you can, if you want, send a message to one or
several members of your group. The other group members can also send you a message.
You have the possibility to write a message in the corresponding field to each other group
member. If you do not want to write any message, just leave the field empty. We are
imposing only one constraint on the content of messages: we ask you to stay anonymous
and to avoid giving any information with respect to your identity. This would harm
considerably this project and would make this session of no use. We thank you to respect
this rule. Except this rule, you are totally free to express yourself. Sending and receiving
messages is totally free (no costs).
To write a message, double-click on the field of the corresponding player and type your
message. Once you are ready to send your eventual messages, click on “validate”. Once
this is done, you cannot modify what you are sending.
Once all group members validated, successive screens will show you the messages
eventually sent to you by the three other group members. Each screen displays one
message along with the ID number of the sender. You will be the only one to know who
sent you the message and to be able to read its content. The other group members will
not get this information and you will not be informed about the messages that they
received (or not) from other group members: all messages are private between the
sender and the receiver, both concerning their existence and their content.
Once you got to read the message (or to see its absence), we ask to answer a very brief
questionnaire that is exactly identical to the one of the first part. Once you answered and
validated, the next screen will show you the (eventual) next message until the last other
group member.
We remind you that the group composition changes every period. Thus the same ID
number does not mean that it is the same person.
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The experiment will end after the 10th period of this second part. The payment that you
will receive for the first part of the experiment is determined by the gains obtained in one
of the 10 periods that will be randomly chosen. This period will be indicated at the total
end of the experimental session.
Your final payoff will thus be constituted of:
Gain from the 1st Part + Gain from the 2nd Part + 10 ECU for participation + 5 Euros for
presence

We thank you for your participation
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Appendix 5.B: Tobit Model Estimating the Number of Punishment
Points Sent
Number of Points Sent

Coefficient

Std. Error

P-Value

Deviation Group-Receiver

0.151

0.052

0.004

Deviation Sender-Receiver

0.415

0.126

0.021

Period Number

-0.127

0.042

0.003

Order Effect (=1 if first part)

-0.507

0.350

0.148

Constant

-2.027

0.459

0.000

Number of observations
F (p-value)

2160
24.70 (0.000)

Note: Observations consist of the number of punishment points sent to each of the three
other group members at each round in PT. Standard errors are clustered at the subject level.
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Appendix 5.C: Random Effects Tobit Model Estimating Contribution
Dynamics in CT and PT

Change in contribution (Ct – Ct-1)

CT

PT

-3.608***

-1.849***

(0.624)

(0.353)

0. 567**

0.415***

(0.250)

(0.126)

0.638***

0.314

(0.199)

(0.198)

-0.335

-1.553***

(0.389)

(0.348)

-0.591**

0.756***

(0.287)

(0.224)

-0.161**

0.062

(0.065)

(0.057)

0.088

-1.119***

(0.338)

(0.288)

1.205**

1.774***

(0.589)

(0.476)

1008

648

207.28 (0.000)

175.27 (0.000)

Above Avg (t-1)

Nb Messages/Points Received (t-1)

Nb Messages/Points Sent (t-1)

Above Avg. * Nb Msg/Points Received (t-1)

Above Avg. * Nb Msg/Points Sent (t-1)

Period Number

Order Effect (=1 if first part)

Constant
Number of observations
Wald χ² (p-value)

Note: The variable Above Avg takes a value 1 if the contribution of the subject is greater or
equal than the group average for the corresponding round, and takes a value of 0 otherwise.
Standard errors appear in parentheses. *** indicates significance at the 1% level, **
indicates significance at the 5% level, * indicates significance at the 10% level.
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Appendix 5.D: Random Effects Regression of Contribution Dynamics in
BT
Change in contribution (Ct – Ct-1)

Coefficient

Std. Error

P-Value

Above Avg (t-1)

-1.401

0.358

0.00

Period Number

0.077

0.066

0.244

Order Effect (=1 if first part)

-0.974

0.349

0.005

Constant

0.404

0.502

0.421

Number of observations
Wald χ² (p-value)
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Appendix 5.E: Random Effects Tobit Model Estimating the Effects of
Emotions on Contribution Dynamics in CT and PT
Change in contribution (Ct – Ct-1)

CT

PT

-0.129

0.758**

(0.206)

(0.305)

0. 321*

0.173

(0.193)

(0.139)

-1.500***

-0.772***

(0.179)

(0.261)

-0.254

-0.122

(0.213)

(0.132)

-1.563***

0.150

(0.194)

(0.200)

-0.116*

-0.098

(0.067)

(0.057)

0.455

-0.938***

(0.352)

(0.321)

0.276

0.469

(0.615)

(0.708)

1008

648

142.26 (0.000)

24.75 (0.001)

Sadness (t-1)

Joy (t-1)

Anger (t-1)

Pride (t-1)

Guilt/Shame (t-1)

Period Number

Order Effect (=1 if first part)

Constant
Number of observations
Wald χ² (p-value)

Note: The value of each emotional variable is the average of the 3 ratings that the subject
made during the previous round. Standard errors appear in parentheses. *** indicates
significance at the 1% level, ** indicates significance at the 5% level, * indicates
significance at the 10% level.
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Samenvatting
Dit proefschrift presenteert vier essays over de rol van emoties en hun invloed op de
besluitvorming en de dynamische ontwikkeling van hechting tussen communicerende
partijen. De eerste drie hoofdstukken gaan in op de manier waarop sociale banden worden
gecreëerd en evolueren in anonieme laboratorium interacties. Dit onderzoek gebeurt op
zowel theoretisch, gedrags- als neuraal niveau en geeft zo een vrij compleet beeld van hoe
sociale banden worden gevormd en hoe ze beslissingen bij herhaalde sociale interacties
beïnvloeden. Het vierde en laatste hoofdstuk onderzoekt het gebruik van verbale feedback
als instrument om de samenwerking en de onderliggende rol van emoties in deze omgeving
te verhogen.
Sociale banden zijn affectieve relaties die ontstaan tussen communicerende actoren,
waardoor ze het lot van de ander gaan aantrekkenen zo elkaars toekomstige activiteiten
beïnvloeden. Deze banden kunnen alleen door sociale interactie ontstaan en worden door
de gevoelens - geactiveerd door de interactie - beïnvloed. Als gevolg daarvan kan sociale
binding positief of negatief zijn, afhankelijk van ervaren emoties en de voldoening die het
gedrag van de ander geeft. De "noodzaak te behoren tot" (Baumeister en Leary, 1995)
heeft aangetoond een heel belangrijke rol te spelen in het menselijk leven en blijkteen van
de belangrijkste motieven van ons sociale gedrag. Economisch relevante situaties zo divers
als groepswerk, wijk leven, oligopolies of klant-verkoper relaties zijn allen gevoelig voor
de ontwikkeling van banden tussen de betrokken partijen.
Hoofdstuk 2 begint met de uitbreiding van de theoretische analyse van sociale banden
ontwikkeld door van Dijk en van Winden (1997). We breiden het model uit door het
opnemen van een probabilistisch keuze mechanisme en, nog belangrijker, door de
mogelijkheid van actoren om vooruit te plannen. Het belangrijkste doel van dit hoofdstuk
is om dit gedragsmodel van keuze te confronteren met gegevens die zijn verzameld in het
laboratorium. Daartoe maken we gebruik van gegevens van verschillende publiek goed
experimenten die verschillende eigenschappen hebben op het gebied van spel structuur en
het aantal betrokken partijen. Onze empirische doelstellingen zijn tweeledig in dit
hoofdstuk. We maken eerst een schatting van het sociale bindings model zowel op groepsals op individueel niveau en laten zien dat het een verklarende rol heeft inde verkregen
data en dat sociale banden inderdaad zijn ontwikkeld. Deze resultaten suggereren dat de
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geschiedenis een essentieel onderdeel van de determinanten van voorkeuren is, dat enige
wederkerigheid plaatsvindt en dat ongeveer de helft van de proefpersonen inderdaad op de
toekomst gericht is. Ten tweede hebben we individuele voorspellingen gegenereerd om
dynamische veranderingen van ronde naar ronde bij te houden van beslissingen over
bijdragen. De prestaties van het model zijn verrassend goed omdat het in staat is complexe
dynamische patronen van bijdragen te volgen. Dit geldt zowel voor spellen gespeeld in
tweetallen als in groepen van vier spelers, waarbij de besluitvorming processen veel
complexer zijn.
Met behulp van deze gedragsbenadering en om verschillende bronnen van gegevens
combineren, onderzoeken hoofdstukken 3 en 4 de neurale mechanismen die ten grondslag
liggen aan het gedrag in deze experimenten. In hoofdstuk 3 gaan we na hoe individuele
verschillen in eigenschap empathie en interpersoonlijke banden neurale reacties op
opgelegde monetaire delen moduleren. Ten eerste vinden we dat de handeling‘ delen’ leidt
tot activering van neurale systemen geassocieerd met beloning (striatum) en empathie
(anterior insular cortex en anterior cingulate cortex), maar pas na het optreden van een
economische interactie en niet eerder. Wij breiden hiermee eerdere resultaten (Singer et al.,
2004; 2006) uit en laten zien dat empathische neurale reacties optreden na enig contact
tussen partijen, ondanks de beperkte emotionele intensiteit die een anonieme economische
interactie kan uitlokken. Ten tweede, het ‘ delen’ leidt ook tot activering van gebieden
geassocieerd met altruïsme en sociale betekenis (posterior superior temporal sulcus,
pSTS) die gecorreleerd zijn met interactie succes en post-experiment waardering van de
interactiepartner. Tot slot laten we zien dat alleen band-gerelateerde activering prosociaal
gedrag voorspelt tijdens de daaropvolgende interactie, terwijl empathie-gerelateerde
activering mislukt, wat suggereert dat de pSTS als neurale substraat dienen voor het
bijhouden van maatschappelijke relevantie.
In hoofdstuk 4 gebruiken we een model op basis van de fMRI benadering omde neurale
correlaties te onderzoeken van het theoretische model gepresenteerd in hoofdstuk 2 en de
rol van de pSTS, zoals voorgesteld in hoofdstuk 3, proberen te bevestigen. We vinden dat
op het moment van keuze, de activiteit in de bilaterale pSTS en temporo-parietal junction
(TPJ) correleert met de dynamische schatting van de sociale band, wat de rol van deze
regionen in de ontwikkeling van sociale banden ondersteunt. Bovendien, activiteit van de
medial prefrontal cortex (mPFC; geassocieerd met hogere cognitieve functies zoals doel
planning en de lange termijn gerichte besluitvorming) correleert met de beslissing over
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bijdrage in het publieke goederen spel. Bovendien ondersteunt dit het idee dat gevoelens
betrokken zijn bij het relatievorming mechanisme: wanneer feedback aanwezig is, werd de
bereidwilligheid van de actie van de ander actie gecodeerd in de regio's eerder betrokken
bij beloning-gebaseerde emoties en vooral in affectieve reacties in sociale setting (striatum,
anterior insula, ACC, pSTS en TPJ). Uiteindelijk vonden we functionele connectiviteit
tussen de pSTS en de mPFC, wat suggereert dat de vertegenwoordiging van sociale banden
is geïntegreerd in het besluitvormingsproces.
Tenslotte wordt in hoofdstuk 5 onderzocht wat de mogelijke toepassing is van verbale
communicatie als een feedback instrument om de samenwerking in ‘publieke goed’
spellenvast te houden. Vanwege de hoge emotionele belasting en lage kosten in
vergelijking met de monetaire straf, zagen we verbale feedback als een potentieel
succesvol mechanism om prosociaal gedrag te bevorderen, zoals gesuggereerd in eerdere
resultaten in verschillende spellen (Xiao en Houser, 2005; 2009; Ellingsen en Johannesson,
2008). We constateren echter dat mondelinge terugkoppeling een beperkt effect heeft in
vergelijking met monetaire straf. Het leidt tot een hoger niveau van samenwerking
(vergeleken met de afwezigheid van communicatie of straf) gedurende een bepaalde
periode, maar is niet te handhaven op de lange termijn. Het is interessant dat schuld
provocatie samenwerking lijkt te bevorderen, maar dat dit effect op de lange termijn
verdwijnt. Aan de andere kant, het genereren van boze reacties was schadelijk voor de
samenwerking. Het verval in samenwerking na enkele periodes van het spel is te verklaren
door het verlies van effectiviteit van berichten in het provoceren van schuld op het moment
dat de boze reacties meer en meer aanwezig zijn.
Dit proefschrift combineert verschillende methoden om de determinanten van gedrag in
herhaalde ‘publieke goederen’ spellen te onderzoeken. We toonden aan dat dynamische
maatschappelijke voorkeuren gemodelleerd als het ontwikkelen van affectieve banden
tussen partijen uitstekende prestaties leverden in het voorspellen van bijdrage-gedrag in
publieke goederen spellen. Bovendien waren we, met behulp van een ambitieus modelgebaseerde aanpak fMRI, in staat om de neurale substraten van de parameters van ons
theoretische model te volgen en om consistente neurale correlaties van sociale banden
tussen verschillende taken te vinden, wijzend naar een netwerk dat betrokken is bij de
besluitvorming in een dergelijk omgeving van publieke goederen. Dit proefschrift werpt
ook nieuw licht op de invloed van verbale feedback op coöperatief gedrag en de
onderliggende emotionele processen.
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Résumé
Cette thèse présente quatre essais sur le rôle des émotions et leur influence sur la prise de
décision ainsi que sur le développement dynamique de liens affectifs entre des parties. Plus
précisément, les trois premiers chapitres s’intéressent à la création et l’évolution de liens
sociaux au cours d’interactions anonymes en laboratoire. Le problème est abordé aux
niveaux théorique, comportemental et neural de telle sorte que nous proposons une vue
d’ensemble assez complète sur la façon dont les liens sociaux sont créés et dont ils guident
les décisions lors d’interactions économiques répétées. Le dernier chapitre explore
l’utilisation de feedback verbal en tant qu’outil visant à augmenter la coopération entre
individus ainsi the le rôle sous-jacent joué par les émotions dans cet environnement.
Les liens sociaux sont des liens affectifs se créant entre des agents en interaction,
les faisant se préoccuper du sort de chacun et donc influençant leurs actions. Ces liens
surviennent uniquement à travers l’occurrence d’une interaction sociale et sont influencés
par les sentiments provoqués par l’interaction. Par conséquent, ces liens sociaux peuvent
être positifs ou négatifs en fonction des émotions ressenties et de la satisfaction dérivée du
comportement de l’autre partie. Il a été montré que ce « besoin d’appartenance »
(Baumeister et Leary, 1995) joue un rôle prépondérant dans la vie humaine et apparaît
comme l’une des principales motivations sous-jacentes à notre comportement social. Des
situations économiquement pertinentes aussi diverses que le travail d’équipe, la vie de
quartier, les oligopoles ou les relations acheteur-vendeur sont toutes susceptibles de créer
des liens entre les parties impliquées.
Le chapitre 2 commence par étendre l’analyse théorique des liens sociaux
développée par van Dijk et van Winden (1997). Nous étendons ce modèle en incluant un
mécanisme de choix probabiliste et, surtout, en permettant aux agents de prendre en
compte le futur. L’objectif principal de ce chapitre est de confronter ce modèle théorique
de choix aux données réunies en laboratoire. Nous utiliserons dans ce but des données
issues de plusieurs expériences de jeux de bien public qui diffèrent en termes de structure
du jeu et du nombre de parties impliquées. Notre objectif empirique est double dans ce
chapitre. D’abord, nous estimons le model de lien social au niveau du groupe et de
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l’individu et montrons qu’il a un pouvoir explicatif certain sur les données et que des liens
sociaux sont effectivement développés. Ces résultats suggèrent que l’histoire de
l’interaction joue un rôle prépondérant dans la détermination des préférences, que de la
réciprocité a lieu et qu’environ la moitié des sujets sont prospectifs. Deuxièmement, nous
générons des prédictions comportementales individuelles afin de suivre les changements de
contributions de périodes en périodes. La performance du modèle apparaît bonne, celui-ci
étant capable de prédire schémas dynamiques complexes. Ceci étant vrai pour les jeux
joués en paires comme au sein de groupes de quatre joueurs où les processus de prise de
décision sont bien plus complexes.
Suivant cette approche comportementale et dans le but de rassembler différents
types de preuves, les chapitres 3 et 4 s’intéressent aux mécanismes cérébraux causant le
comportement lors de ces expériences. Dans le chapitre 3, nous examinons comment les
différences individuelles en termes d’empathie et de lien social modulent les réponses
neurales à un partage imposé de ressources monétaires. Premièrement, nous trouvons que
ce partage entraîne l’activation de systèmes neuraux associés à la récompense (striatum) et
l’empathie (cortex insulaire antérieur et cortex cingulaire antérieur) seulement après
l’occurrence d’une interaction, et non avant. Nous étendons ainsi de précédents résultats
(Singer et al. 2004 ; 2006) et montrons que les réponses neurales liées à l’empathie ne
surviennent qu’après une interaction même si celle-ci est aussi peu intense qu’une
interaction anonyme de type économique peut l’être. Deuxièmement, le partage provoque
aussi l’activation de zones associées à l’altruisme et la significativité sociale (sulcus
temporal supérieur postérieur, pSTS) corrélant avec le succès de l’interaction et
l’appréciation du partenaire après l’interaction. Finalement, nous montrons que seulement
l’activité cérébrale liée au lien social prédit le comportement pro-social lors des périodes
suivantes de l’interaction, suggérant le pSTS comme substrat neural du lien social.
Dans le chapitre 4, nous utilisons l’IRMf afin de trouver les corrélats neuraux des
éléments du modèle théorique présenté lors du chapitre 2 et de confirmer le rôle du pSTS
suggéré par le chapitre 3. Les résultats montrent qu’au moment de la prise de décision,
l’activité dans le pSTS et la jonction temporo-pariétale (TPJ) corrèle avec l’estimation du
lien social, supportant une fois de plus le rôle joué par ces régions dans la formation du lien
social. De plus, l’activité dans le cortex préfrontal médian (mPFC, associé à des fonctions
cognitives plus élevées comme la planification et la prise de décision à long terme) corrèle
avec la contribution au bien public. En outre, nous pouvons supporter le rôle des émotions
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dans le mécanisme de formation du lien social : lorsque l’information sur la période
précédente est transmise, le degré de coopération de l’autre joueur est encodé dans des
régions précédemment impliquées dans les émotions liées aux récompenses, tout
spécialement dans des contextes sociaux (striatum, cortex insulaire antérieur, cortex
cingualaire antérieur, pSTS, TPJ). Finalement, nous trouvons une connectivité
fonctionnelle entre le pSTS et le mPFC, suggérant le fait que la représentation du lien
social soit intégrée dans le processus de décision.
Enfin, le chapitre 5 étudie l’usage potentiel de la communication verbale comme
outil de feedback afin de soutenir la coopération dans les jeux de bien public. Du fait de sa
haute charge émotionnelle et de son faible coût en comparaison à la punition monétaire,
nous avons considéré le feedback verbal comme un mécanisme possiblement utile afin de
promouvoir le comportement pro-social comme cela est suggéré par d’autres résultats dans
des jeux différents (Xiao et Houser, 2005 ; 2009 ; Ellingsen et Johannesson, 2008). Nous
trouvons que ce mécanisme est d’une efficacité limitée comparé à la sanction monétaire. Il
apparaît capable de maintenir un niveau de coopération plus élevé (comparé au traitement
de contrôle sans communication ni sanction) pour un moment mais pas de le maintenir sur
le long terme. Il est intéressant de noter que provoquer de la culpabilité encourage la
coopération mais que cet effet disparaît sur le long terme. Au contraire, la provocation de
réactions colériques a un impact négatif sur la coopération.
Cette thèse combine plusieurs méthodologies afin d’examiner les déterminants du
comportement lors de jeux de bien public répété. Nous avons montré que les préférences
sociales dynamiques modélisés par le développement de liens affectifs entre différentes
parties étaient performantes afin d’expliquer le comportement de contribution dans les jeux
de bien public. De plus, une utilisation ambitieuse de l’IRMf alliée à un modèle théorique
de prise de décision nous a permis de trouver les substrats neuraux des paramètres de notre
modèle ainsi que des corrélats neuraux du lien social cohérents entre différentes tâches.
Ces résultats indiquent la présence d’un réseau impliqué dans la prise de décision dans un
environnement de bien public. Cette thèse éclaire aussi d’une nouvelle lumière l’impact de
la communication sur le comportement coopératif et ses processus émotionnels sousjacents.
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Summary
This thesis presents four essays regarding the role of emotions and their influence on
decision making as well as the dynamic development of attachment between interacting
parties. More precisely, the first three chapters are interested in how social ties are created
and evolve in anonymous laboratory interactions. This investigation is done at the
theoretical, behavioral and neural levels such that it offers a quite complete view of how
social ties are formed and how they guide decisions in repeated social interactions. The
fourth and final chapter explores the use of verbal feedback as a tool to increase
cooperation and the underlying role played by emotions in this environment.
Social ties are affective bonds that emerge between interacting agents, making them
care about the fate of each other and thus influencing their future actions. These bonds can
only arise through the occurrence of a social interaction and are influenced by the feelings
triggered by the interaction. As a consequence, social ties can be positive or negative
depending on experienced emotions and the satisfaction derived from the counterpart’s
behavior. The “need to belong” (Baumeister and Leary, 1995) has been shown to play a
preponderant role in human life and appears as one of the principal motivations underlying
our social behavior. Economically relevant situations as diverse as team work,
neighborhood life, oligopolies or customer-seller relationships are all susceptible to the
development of bonds between the parties involved.
Chapter 2 starts by extending the theoretical analysis of social ties developed by
van Dijk and van Winden (1997). We expand the model by including a probabilistic choice
mechanism and, more importantly, by allowing agents to plan ahead. The main goal of this
chapter is to confront this behavioral model of choice to data gathered in the laboratory. To
that purpose, we will use data from different public good experiments that have different
characteristics in terms of game structure and number of parties involved. Our empirical
objectives are twofold in this chapter. We first estimate the social tie model both at the
group and individual level and show that it has explanatory power over the data and that
social ties are indeed developed. These results suggest that history is an essential part of
the determinants of preferences, that some reciprocity takes place and that about half of the
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subjects are indeed forward-looking. Second, we generate individual predictions in order to
track dynamic changes from round to round in contribution decisions. The performance of
the model appears surprisingly good as it is able to track very complex dynamic patterns of
contributions. This is true both for games played in pairs and in groups of four players,
where the decision-making processes are much more complex.
Following this behavioral approach and in order to combine different sources of
evidence, Chapters 3 and 4 investigate the neural mechanisms underlying behavior in these
experiments. In Chapter 3, we examine how individual differences in trait empathy and
interpersonal ties modulate neural responses to imposed monetary sharing. First, we find
that sharing prompted activation of neural systems associated with reward (striatum) and
empathy (anterior insular cortex and anterior cingulate cortex) only after the occurrence of
an economic interaction, but not before. We thus extend previous results (Singer et al.
2004; 2006) and show that empathic neural responses occur after some contact between
parties, notwithstanding the limited emotional intensity that an anonymous economic
interaction can elicit. Second, sharing also provokes activations in areas associated with
altruism and social significance (posterior superior temporal sulcus, pSTS) that are
correlated with interaction success as well as post-experiment liking ratings of the
interaction counterpart. Finally, we show that only tie-related activation predicts prosocial
behavior during subsequent interaction while empathy-related activation fails, suggesting
the pSTS as a neural substrate for keeping track of social relevance.
In Chapter 4, we use a model-based fMRI approach to examine the neural
correlates of the theoretical model presented in Chapter 2 and try to confirm the role of the
pSTS suggested in Chapter 3. We find that at the moment of choice, activity in the bilateral
pSTS and temporo-parietal junction (TPJ) correlates with the dynamic estimate of the
social tie, supporting the role of these regions in social tie formation. In addition, activity
of the medial prefrontal cortex (mPFC; associated with higher cognitive functions like goal
planning and long-term decision making) correlates with the contribution decision in the
public good game. Moreover, we gather support for the idea that feelings are involved in
the tie formation mechanism: when feedback was provided, the cooperativeness of the
other’s action is encoded in regions previously implicated in reward-based emotions and
especially in affective reactions in social settings (striatum, anterior insula, ACC, pSTS
and TPJ). Finally, we found functional connectivity between the pSTS and the mPFC,
suggesting that the representation of social ties is integrated in the decision process.
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Finally, Chapter 5 investigates the potential use of verbal communication as a
feedback tool to sustain cooperation in public good games. Because of its high emotional
load and low cost compared to monetary punishment, we saw verbal feedback as a
potentially successful mechanism in order to raise prosocial behavior, as suggested by
previous results in different games (Xiao and Houser, 2005;2009; Ellingsen and
Johannesson, 2008). We find verbal feedback to be of limited effectiveness compared to
monetary punishment. It appears able to maintain a higher level of cooperation (compared
to the absence of both communication and punishment) for a time but not to maintain it on
the long run. Interestingly, guilt provocation appears to be fostering cooperation but this
effect disappears on the long run. On the other hand, generating angry reactions was
harmful to cooperation. The decay in cooperation after some periods of play is explained
by the loss of effectiveness of messages in provoking guilt at that time whereas angry
reactions are more and more present.
This thesis combines several methodologies to investigate the determinants of
behaviors in repeated public good games. We showed that dynamic social preferences
modeled as developing affective ties between parties were performing well in predicting
contribution behavior in public good games. Moreover, using an ambitious model-based
fMRI approach, we were able to track the neural substrates of the parameters of our
theoretical model and to find consistent neural correlates of social ties between different
tasks, pointing at a network that is involved in the decision making in such public good
environments. This thesis also sheds new lights on the impact of verbal feedback on
cooperative behavior and on its underlying emotional processes.
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