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“Theoretisch bedeutet das, daß die Familie ohne Obdach, wenn
sie in einer eisigen Winternacht nicht erfroren ist, bei den ersten
Strahlen der Morgensonne ebenso glücklich ist wie der reiche Mann,
der aus dem warmen Bett heraus muß; und praktisch kommt es darauf hinaus, daß jeder Mensch geduldig wie ein Esel das trägt, was
ihm aufgepackt ist, denn ein Esel, der um eine Kleinigkeit stärker ist
als seine Last, ist glücklich. Und in der Tat, das ist die verläßlichste
Deﬁnition von persönlichem Glück (oder Gleichgewicht, Zufriedenheit oder wie immer man das automatische innerste Ziel der Person
nennen mag) nur soweit in sich selbst abgeschlossen, wie es ein Stein
in einer Mauer oder ein Tropfen in einem Fluß ist, durch den die
Kräfte und Spannungen des Ganzen gehen. Was ein Mensch selbst
tut und empﬁndet, ist geringfügig, im Vergleich mit allem, wovon er
voraussetzen muß, daß es andere für ihn in ordentlicher Weise tun
und empﬁnden. Kein Mensch lebt nur sein eigenes Gleichgewicht,
sondern jeder stützt sich auf das der Schichten, die ihn umfassen,
und so spielt in die kleine Lustfabrik der Person ein höchst verwickelter moralischer Kredit hinein, von dem noch zu sprechen sein
wird, weil er nicht weniger zur seelischen Bilanz der Gesamtheit wie
zu der des Einzelnen gehört.
Robert Musil, Der Mann ohne Eigenschaften, p. 523-524.
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Chapter 1

Introduction
“Development of an informative, cumulative body of empirical research on social interactions will require clear thinking and adequate
data.”
(Manski, 2000, p. 132)
Over the last decade, the study of the role of social interactions in economic
outcomes has become an important area of research. In conventional economic
theory that studies the role of markets, interactions between agents are restricted to those that are mediated through an anonymous price mechanism.1
This approach has been criticized for a long time, by economists as well as by
social scientists from other disciplines.2
Early contributions by Veblen (1899), Duesenberry (1949), Leibenstein (1950)
and others already recognized the potential importance of social interactions
in economic behavior. As Leibenstein points out, in many circumstances collective behavior is not the lateral summation of individual behavior, and the
presence of social interactions may be an important cause for this aggregation
problem.
This observation led economists to ﬁnd new ways to add more social and
psychological realism to the homo economicus, resulting in a wave of both theoretical and empirical studies that explicitly study the role of the interactions
that link individual behavior and group outcomes. Overviews by Brock and
Durlauf (2001b) and Glaeser and Scheinkman (2003) mark this development.
Durlauf and Young (2001, p. 1) refer to the research that brings together ideas
1 Agents in this thesis can be individuals, families, consumers or households, dependent
on the context.
2 For example, Ormerod (1998, vii-viii) notes that “In orthodox economics, individuals are
not permitted to aﬀect each other’s behavior directly, and in circumstances where this is a
good approximation to reality, this oﬀers a powerful explanation of what goes on. But such
circumstances are rather limited, and it is more usually the case that people or companies
are inﬂuenced by what others do.” Granovetter (1985, p. 483) poses that “Classical and
neoclassical economics operates, in contrast, with an atomized, undersocialized conception
of human action ( . . . ). The theoretical arguments disallow by hypothesis any impact of
social structure and social relations on production, distribution, or consumption.”
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from sociology and economics that has emerged from this development as the
new social economics. According to them “The starting point for analyses in social economics is the assumption that individuals are inﬂuenced by the choices
of others. Because people typically make choices sequentially, a feedback loop
exists from past choices of some people to future choices by others.”
These presence of feedback loops may lead to large shifts in aggregate behavior over time and space. Exactly this is what is often observed in practice.
Crime rates vary widely across time and space (Glaeser et al., 1996), just
as fashion (Bikhchandani, Hirshleifer and Welch, 1992), labor force participation (Topa, 2001) household demand (Case, 1991) and stock returns (Chan
and Kogan, 2002). These diﬀerences cannot be accounted for by diﬀerences
in underlying economic fundamentals or individual characteristics alone and
the classical economic model in which individuals act in isolation is unable to
explain these phenomena.
Interactions-based models provide an explanation for these observations,
since the feedback loop created by the dependence of an individual’s choice on
the choice of others can lead to a social multiplier and multiple equilibria. As
Glaeser and Scheinkman (2003) note: “In turn social multipliers or multiple
equilibria create the excess variance of aggregate endogenous variables relative
to fundamentals, that seem to characterize stock market crashes, religious differences, the great depression, wildly diﬀerent crime rates and the Hula Hoop.”
Models that incorporate social interactions have been introduced in diﬀerent areas of economic research. Macroeconomists have for example studied
the role of human capital spillovers for growth and inequality and the optimal
tax-policy under catching-up-with-the-Joneses.3 Game theoretic models have
been developed to infer the importance of information spillovers to create herding behavior.4 In labor and public economics, the role of social interactions is
studied in the determination of outcomes such as crime levels, labor supply,
educational achievement and welfare participation.5 Experimental economists
have conducted numerous experiments focusing on the importance of motives
like status, reciprocity and peer pressure.6 The consequences of social interactions for households’ consumption decisions and social welfare have been investigated in the ﬁeld of demand system analysis.7 In general, the renewed interest
in social interactions has spawned a cascade of empirical work, with applications on neighborhood eﬀects and peer eﬀects in education being prominent.8
3 See

Durlauf (1996) and Ljungqvist and Uhlig (2000).
e.g. Banerjee (1992) and Bikhchandani et al. (1992).
5 See e.g. Aronsson et al. (1999) and Woittiez and Kapteyn (1998) for labor supply and
Duﬂo and Saez (2003) for informational spillovers in retirement plan decisions.
6 Ball et al. (2001); Falk and Fischbacher (2002); Falk and Ichino (2003).
7 Alessie and Kapteyn (1991); Kapteyn et al. (1997); Kooreman and Schoonbeek (forthcoming).
8 See e.g. Crane (1991) for examples of neighborhood eﬀects on dropping out and teenage
childbearing; Glaeser et al. (1996) and Ludwig et al. for neighborhood eﬀects on crime and
Solon et al. (2000) for neighborhood eﬀects on educational attainment.
Empirical studies on peer group eﬀects in education include Hoxby (2000) and Hanushek
4 See
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The empirical evidence on the impact of social eﬀects on economic outcomes
has been far from conclusive, due to the particular diﬃculties that are associated with the task of separating peer eﬀects from other confounding inﬂuences.
These confounding inﬂuences may include reference group endogeneity, omitted variables and the fact that individual outcomes and the outcomes of the
individual’s peers are determined simultaneously.

1.1

Objective

With the ﬁve essays in this thesis, I try to make a contribution both to the
“clear thinking” as well as to add to the “cumulative body of empirical research” in the ﬁeld of socio-economics. The character of the essays reﬂects this
endeavor: two essays are theoretical studies (chapters 5 and 7), two report on
empirical work (chapters 4 and 6) and one is a simulation study (chapter 3).
The essays are preceded by an introductory chapter that surveys the literature
on social interactions and sketches the main empirical issues in the identiﬁcation of interaction eﬀects (chapter 2). All chapters are self-contained and
can for this reason be read separately. As a consequence, there is now and
then some overlap between various chapters. In the various chapters, three
subthemes can be discovered, which I will discuss brieﬂy.
First, the eﬀects of social interactions on consumer behavior are studied.
Questions considered are: How does the consumption of various goods change
when consumers’ preferences are interdependent? What are the consequences
for social welfare and in which way can a central planner enhance social welfare
by levying taxes on some goods and giving subsidies to others? These questions
are investigated by means of a simulation study of a demand system with social
interactions incorporated (chapter 3).
In the second part of this thesis, the focus is on the empirical identiﬁcation
of social interactions. I look at two real-world phenomena where an individual’s
decision is likely to depend on those of others: consumption decisions by high
school teenagers (chapter 4) and giving to oﬀerings during church services by
parishioners (chapter 6). In the intermediate chapter 5, the theoretical properties of the empirical model employed in chapter 4 are discussed. The model is
linked to the literature in game theory on games with strategic complementarities and strategic substitutes. In doing so, questions concerning the existence
and multiplicity of equilibria can be answered.
The third part of the thesis looks at possible consequences of positive consumption externalities for the supply-side of the economy. How should a proﬁtmaximizing monopolist set the price for his product if consumers of his product
experience a positive externality when other consumers in their peer group also
buy the product? And moreover, how does this price-setting decision change
when society is divided into more and smaller peer groups? To answer these
questions, a theoretical model is developed that is related to the literature
et al. (2003).
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on industrial organization in general and the literature on network eﬀects in
particular (chapter 7).
Though the nature of the interactions that are studied diﬀers across chapters, a characteristic common to all of them is their focus on small-scale interactions. This addresses the issue raised by Moﬃtt (2001) that “The crude
proxies for neighborhood eﬀects that are used in the empirical literature, which
are solely the result of data limitations, should not lead to a conclusion that no
social interactions are present in smaller geographic areas. More generally, the
theory is consistent with a small intervention aﬀecting only a small number of
individuals.”
In the next section, I will discuss each of the chapters in more detail.

1.2

Outline

The second chapter contains a survey of the research on social interactions. The
chapter serves to put the subsequent chapters into perspective and addresses
questions like: In which category of social interactions are economists interested
and what are the behavioral motivations for these interactions? Furthermore,
the relationship between social interactions and the occurrence of multiplier
eﬀects and multiple equilibria is discussed. The problems with identifying social
interactions empirically are also discussed at length: What exactly causes these
problems and which solutions are available? The chapter ends with a short
exposition of the possible consequences of social interactions for public policy.
Chapter 3 analyzes the eﬀect of diﬀerent social structures for consumer
demand and social welfare. This is done by means of simulation. A society
is created in which the preferences of the heterogenous households are interdependent and are described by the Linear Expenditure System with Social
Interactions. For all diﬀerent structures, the loss in social welfare due to the
interdependencies is quantiﬁed. Moreover, we explicitly calculate the prices
that are set by a social planner who wants to maximize social welfare.
In chapter 4 (joint work9 with Peter Kooreman), an empirical discrete choice
model with social interactions is developed. With this model, the issues of multiple equilibria and statistical coherency are analyzed. Estimation of the model
is carried out by means of simulation methods. In an empirical application,
a data set is analyzed that contains information on the individual behavior
of some 8000 high school teenagers form almost 500 diﬀerent school classes.
The model is estimated to analyze ﬁve types of teen discrete choice behavior:
Smoking, truancy, moped ownership, cell phone ownership and asking parents
permission for purchases.
The objective of chapter 5 is to provide a theoretical complement to chapter 4. Chapter 5 answers the question how important the issue of multiple
equilibria is in practical situations. I derive strict upper bounds for the number
9 For reasons of consistency, I will use in chapters based on joint work the pronouns “I”
and “me” and “my”, rather than “we” and “us” and “our”, where appropriate.
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of equilibria that may occur given certain parameter values. The correspondence between these bounds, the number of agents and the interaction strength
is characterized. I also look at the expected number of equilibria and discuss
whether the expected number of equilibria is well below the upper bounds.
With respect to empirical applications, the theoretical results derived in this
chapter may prove valuable for devising eﬃcient algorithms to ﬁnd the equilibria of this game. Special attention is given to the case with strategic substitutes,
in which an agent’s marginal utility from performing a certain action decreases
with an increase in the action of other agents.
Chapter 6 addresses the role of anonymity in giving. Recent laboratory
experiments (e.g. Andreoni and Petrie, forthcoming; Rege and Telle, forthcoming) show that non-anonymity of subjects increases contributions to public
good games. However, laboratory results may not be indicative of the eﬀect
removing anonymity has in real-life situations, since the eﬀect is likely to be
dependent on the social structure that exists between agents.
I address this problem by performing a ﬁeld experiment in thirty Dutch
Baptist churches. For a period of 29 weeks, the means by which oﬀerings
have been gathered is determined by chance, prescribing for each oﬀering the
use of either ‘closed’ collection bags or open collection baskets. When using
baskets, attendants’ contributions can be identiﬁed by their direct neighbors,
and attendants can observe the total amount given by the people who preceded
them. The study gives an example of how experimental designs can be applied
outside the laboratory without losing control of key-variables.
In chapter 7 (joint work with Bert Schoonbeek), a model with local externalities is proposed in which an agent’s utility is aﬀected by the number of other
agents in his own peer group that consume the conspicuous good. In most
models on conformity, agents are only aﬀected by global externalities, that is,
the number of people in the whole population that consume the good. A simple, two-stage model with a monopolistic ﬁrm is used to analyze a market with
local consumption externalities. In the ﬁrst stage, the ﬁrm sets a (uniform)
price for its good and in the second stage, consumers decide whether they buy
this good or not. The model shows that, when local consumption externalities
play a role in the demand for his product, a proﬁt-maximizing monopolistic
ﬁrm’s price-setting behavior is inﬂuenced by the formation of peer groups in
society.
Finally, the thesis contains a conclusion and a summary in Dutch.
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Introduction

Chapter 2

Social Interactions – A
Survey
“Ich will es Ihnen ernst beschreiben” sagte er diesmal hartnäckig.
Er saß vorgebeugt, hatte die Unterarme auf die muskulösen Schenkel gelegt und blickte ﬁnster zu Boden. “Wir sagen heute noch:
ich liebe diese Frau, und ich hasse jene Menschen, statt zu sagen,
sie ziehen mich an oder stoben mich ab. Und um einen Schritt
genauer mübte man hinzufügen, daß sie in mir die Eigenschaften
hervorkehren, die dazu gehören. Und so weiter; man kann nicht
sagen, wo da der erste Schritt geschieht, denn das ist eine gegenseitige, eine funktionale Abhängigkeit so wie zwischen zwei elastischen
Bällen oder zwei geladenen Stromkreisen. Und wir wissen natürlich
längst, daß wir auch so fühlen mußten, aber wir ziehen es noch immer beiweitem vor, die Ursache und Ur-Sache in den Kraftfeldern
des Gefühls zu sein, die uns umgeben; selbst wenn unsereiner zugibt,
er mache einen anderen nach, drückt er es so aus, als ob das eine aktive Leistung wäre!
Musil (p. 473)
Why have economists gained interest in social interactions? Are all kinds of
social interactions of interest to economic behavior or can we restrict ourselves
to a speciﬁc subcategory? How and to which extent can the eﬀect of social
interactions be detected empirically? Which kind of modelling assumptions
have to be made and what are the data requirements? In answering these
questions, this chapter gives a justiﬁcation for the particular setup of this thesis.
Section 2.1 addresses the question in which speciﬁc sub-category of social
interactions economists are interested. Three diﬀerent channels through which
group-behavior may aﬀect individual behavior are distinguished. I then describe a number of behavioral and institutional mechanisms mentioned in the
literature that may create one or more channels of interaction. The section ends
with a discussion of some general conditions under which social interactions
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may create social multipliers and multiple equilibria. Section 2.2 is devoted to
the problems empirical economists encounter time and again when making inferences about social interactions. The issue is that it is notoriously diﬃcult to
identify which kind of eﬀect drives the observed outcome that individuals belonging to the same group tend to behave similarly. The speciﬁc problems that
trouble empirical studies are addressed in section 2.3. The solutions proposed
to mitigate these problems are discussed with respect to their ability to credibly impose a number of assumptions that are pivotal for the identiﬁcation of
social interaction eﬀects. Most attention in this section is directed to inference
at the individual level, but the ﬁnal part is devoted to studies that use data
with a higher level of aggregation to make inferences about social interaction
eﬀects.
In section 2.4, attention is given to the question who interacts with whom.
Most empirical studies give an ad hoc answer to this question by deﬁning reference groups on basis of social or geographical proximity. The ﬁnal section
contains a brief discussion about why research on the eﬀect of social interactions
on economic outcomes is of interest to policy makers.

2.1

Interactions of interest

The traditional microeconomists’ view of the world is that agents have preferences over a wide range of commodities, expectations about what will happen
in the future and face constraints limiting their set of available actions. Their
preferences are formally expressed by utility functions, their expectations by
(subjective) probability functions and their constraints through choice sets.
Together with the agent’s objective, these three elements comprise the toolkit
with the help of which the agent chooses his actions. A common assumption
is that the objective of economic agents is maximization of expected utility.
Interactions between agents are assumed to be restricted to interactions via
the market. An example is that on a market, the purchasing decisions of other
agents determine the commodity bundles that are available to you, as well as
the price you have to pay.
Economists have increasingly become aware that, besides market interactions, social interactions are an important determinant in economic decision
making. This is reﬂected in the large number of theoretical and empirical papers on social interactions that has been published in the last decade. A brief
review of this literature together with the most prominent issues is given in the
next sections. First however, I want to mark out the object of study more precisely by answering the question what type of social interactions are important
in economic decision making. Attention is restricted to those social — and in
most cases, non-market — interactions that have an impact on the allocation
of economic resources.
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Manski (2000) classiﬁes interactions into three categories on the basis of the
channels through which agents aﬀect the actions of other agents: constraint
interactions, expectations interactions and preference interactions.
When an agent’s constraints are inﬂuenced by another agent’s actions, constraint interactions are involved. An example is the purchasing decision given
above. An example of a non-market constraint interaction is the congestion
(e.g. on roads) which may occur when multiple agents share a common resource. When an agent’s expectations are inﬂuenced by another agent’s actions,
this is coined expectations interactions. Expectation interactions are an important aspect in the theory of learning in games (Fudenberg and Levine, 1998) and
in signalling games, and they also oﬀer an explanation for the observed complicated dynamic patterns of stock prices (Brock and Hommes, 1997). Preference
interactions occur when an agent’s preference ordering over the alternatives
in a choice set depends on the action chosen by other agents. This encompasses everyday ideas as conformism and jealousy. Bernheim (1994) analyzes
a model that incorporates a taste for status and shows that this can explain
conformism and the development of multiple subcultures, each with its own
norm. A behavior like paternalism — which is to act for the good of another
person without that person’s consent, as a father does for his children1 — can,
for the prominent role it gives to coercive means, best be described as an constraint interaction and not as a preference interaction, although the ultimate
goal of the father may be to change the preferences of the child such that the
constraints can be lifted. As Manski notices, preference interactions are at the
heart of non-cooperative game theory.
Note that in the above deﬁnitions, the inﬂuence of other agents on an agent
is invariably mediated through his actions; there is e.g. no direct dependence of
an agent’s expectations on another agent’s expectation. One can imagine more
general interactions taking place between agents. Constraints, expectations
and preferences of one agent can inﬂuence the constraints, expectations and
preferences of other agents directly. Examples abound: when an agent decides
to become a vegetarian because his vegetarian friends often convey their disposition towards meat, his preferences are aﬀected by the preferences of others. If
an agent adapts his expectations about the occurrence of an earthquake after
a talk with his neighbor who is an expert in geo-physics, his expectations are
aﬀected by the expectations of another agent.2
Notwithstanding the common character of these more general class of interactions, I will restrict attention to interactions that are mediated through
actions. This decision is mainly driven by practical considerations: empirical
data sets consist mainly of information about the actions of agents. Information
on interpersonal communication is usually not at the disposal of the empirical
researcher.
1 Suber

(1999).
principle, one can redeﬁne the action set in such a way that it incorporates acts of
communication. However, for the argument in this thesis it is useful to restrict the action
set such that its elements are likely to be recorded.
2 In
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Of course, if a particular agent A’s actions are inﬂuenced by the actions of
another agent B, there is no fundamental reason why agent A’s actions should
not, in turn, exercise a same kind of inﬂuence on agent B. The feedback loop
that is created in this way aggravates identiﬁcation of the interaction eﬀect
because of the simultaneity of the two eﬀects: Is the observed outcome due
to agent B adapting to the action of agent A or the other way round? The
problems that are associated with this question are discussed in section 2.2.

2.1.1

Behavioral motivations

Digging a bit deeper into the behavioral motives and mechanisms that drive
social interactions, one comes across a myriad of economical, sociological and
psychological explanations that have been suggested in the literature.
Early contributions that make consumers preferences interdependent are
Gärtner (1974) and Pollak (1976). In these models, the “psychologically necessary” quantities for the customer are dependent on the quantities other consumers consume of the good. Psychologically relevant emotions in this context
include jealousy, the quest for approval, prestige or avoiding disapproval of
others. This may result in a strive for status. The conspicuous consumption
model in Cooper, Garcı́a-Peñalosa and Funk (2001), shows how an economy
whose innovative activity is increasingly directed at the innovation of status
goods experiences a stagnation in the average utility levels. The issue of relative consumption and its impact on happiness is also addressed in a number
of papers by Frank (1985, 1989, 1997).3 Using consumer expenditure survey
data, Alessie and Kapteyn (1991) and Kapteyn et al. (1997) obtain empirical
estimates for the degree of conspicuousness of diﬀerent categories of goods.
Kandel and Lazear (1992) present a model that shows how the presence
of peer pressure and social norms increases the eﬀort of workers in a ﬁrm
by appealing to emotions of shame and guilt at the level of the individual
workers.4 Postlewaite (1998) discusses the merits of modelling social concerns
(like the taste for conformity and relative position) endogenously, as compared
to taking them as exogenously given, as is done in models that incorporate
these concerns directly into the utility function of “hard wired” preferences
that are the outcome of evolutionary processes.5 Fong (2001) and Luttmer
(2001) use survey data on attitudes toward welfare spending. Fong ﬁnds that
the stated redistributive attitudes cannot merely be explained by self-interest
of the respondents. Luttmer ﬁnds that an individual’s support for welfare has
an element of racial group loyalty, in the sense that individuals increase their
3 In the literature, the term relative consumption is used both to refer to the dependence
– through agents’ preferences – of current consumption on the consumption of others, as well
as to the dependence of current consumption on own past consumption, the so-called habit
formation that is outside the scope of this thesis.
4 See Fehr and Schmidt (1999) for experimental results on this issue.
5 Other papers on interdependent preferences are Akerlof (1997), Bergstrom (1999) and
Abel (1990).
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support for welfare spending as the share of local recipients form their own
racial group rises.
Behavioral motivations for expectation interactions are given in models of
herd behavior and signalling. The mechanism driving expectation interactions
is that rational agents process the information (about e.g. the value of an
item) gained by observing the actions of other agents, whose signal they do
not observe. Banerjee (1992) and Bikhchandani et al. (1992) show that this
mechanism of observational learning may result in herd behavior that leads to
an ineﬃcient equilibrium. The sequence of decision making is important for
the outcomes that are generated by these models. In the simplest models the
agents are assumed identical, whereas in more elaborate versions some agents
may have more precise information, thereby giving the possibility for opinion
leaders to arise. See Bikhchandani et al. (1998) for a discussion.
When conspicuous consumption leads to the eﬀect that the demand for a
consumers’ good is increased because it bears a higher rather than a lower
price, this is called a Veblen eﬀect. Bagwell and Bernheim (1996) examine the
conditions under which Veblen eﬀects arise from the desire to signal wealth with
the objective of receiving a better treatment by social contacts. Pesendorfer
(1995) explains how fashion cycles emerge when the purpose of fashion is to
facilitate diﬀerentiation of high-quality and low-quality individuals in a dating
game.
In chapter 3, I investigate the eﬀect of interdependent preferences on consumer demand and social welfare in a simulation study. See chapter 6 for a
discussion of the experimental evidence on other-regarding preferences like altruism and for some further discussion on the emotions guilt and shame. In
most empirical situations, it will be impossible to distinguish between the different behavioral motivations put forward in this section. As will be clear after
the next section, identiﬁcation of a general interaction eﬀect is hard enough in
practice.

2.1.2

The social multiplier and multiple equilibria

As stated in the introduction, the presence of social interactions may lead to
a social multiplier and to multiple equilibria. In this section, I will answer
the question which circumstances lead to the occurrence of these phenomena.
Consider the following framework, which is related to Cooper and John (1988)
and Glaeser and Scheinkman (2003). Suppose we have a set of agents i (i ∈
{1, 2, . . . , N }). Each agent chooses an action yi from a choice set which I
assume to be continuous. The utility U of agent i depends on the action chosen
by him, as well as on the actions chosen by all other agents in his reference group
and on an individual preference parameter xi . That is, U (·) is a well-behaved
utility function, and
U = U (yi , Y−i ; xi ), where

(2.1)
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Y−i =

N


wij yj ,

(2.2)

j=1

N
with wij ≥ 0, wii = 0 and j=1 wij = 1 the reference weights that agent i
attaches to the other agents.
Following Cooper and John, I deﬁne the game to exhibit positive (negative) spillovers/feedback if the partial derivative U2 (yi , Y−i ; xi ) > (<)0, ∀i. If
U12 (yi , Y−i ; xi ) > (<)0, ∀i, the game is said to exhibit strategic complementarity (substitutability). The game is said to exhibit multiplier eﬀects if
N
d j=1 yj∗
dy ∗
∂y ∗
> i > i,
dxi
dxi
∂xi
with yi∗ the best response of agent i, ∀i, conditional on the choice of all other
agents. That is, the aggregate response to a shock in an individual’s value of
xi exceeds the individual response. Strategic complementarity implies that an
increase in the action of all agents except agent i increases the marginal return
to agent i’s action. Cooper and John prove that in a symmetric game with
homogenous agents, strategic complementarity is a necessary and suﬃcient
condition for the presence of multiplier eﬀects but that it is only a necessary
condition for multiple (symmetric) Nash equilibria. In a more general context,
Glaeser and Scheinkman (2003) derive that a unique equilibrium occurs if


 U12 (yi , Y−i ; xi ) 


 U11 (yi , Y−i ; xi )  < 1.
Stated verbally: the marginal utility of an agent’s own action is more aﬀected
(in absolute value) by a change in his own action than by a change in the average action of his peers.6 About the relationship between high volatility in
outcomes across time and space and multiple equilibrium models, Glaeser and
Scheinkman say the following: “While multiple equilibria are often used as an
informal device to explain large cross-sectional volatility, in fact this multiplicity is not needed. What produces high variation is that social interactions are
associated with large diﬀerences across time and space that cannot be fully
justiﬁed by fundamentals. ( . . . ) Empirically it is diﬃcult to separate out
extremely high variances from multiple equilibria.”7
Models with multiple equilibria, in which two identical groups may arrive
at diﬀerent outcomes, are related to models of contagion or social epidemics
models. In these models, two-similar-but-not identical8 neighborhoods may experience very diﬀerent outcomes when the value of a certain variable exceeds a
6 Glaeser

and Scheinkman

 (2003).
 U (y ,Y ;x ) 
Cooper and John,  U12 (yi ,Y−i ;xi )  > 1 is a suﬃcient condition for multiplicity, by
11 i −i i
virtue of the boundedness of the action sets. Brock and Durlauf (2001a) derive similar
conditions for the occurrence of multiple equilibria in a discrete choice model with social
interactions.
8 Krauth (2000).
7 In
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threshold or critical level in one neighborhood but not in the other. Chapter 5
deals extensively with the question how the presence of strategic complementarity and strategic substitutability aﬀects the number of equilibria in a binary
choice game with a limited number of agents. That chapter shows that with
heterogeneous agents, strategic substitutability may also lead to multiple equilibria, though the fraction of agents choosing y = 1 is the same in each of these
equilibria.

2.2

Identiﬁcation

Can interactions be identiﬁed, given the typical situation that only data on
outcomes are available? Suppose for example that one observes large diﬀerences
across school classes in the pupils’ grades. Can one safely conclude that this is
due to some interaction eﬀect between pupils in the same class? Or even more
speciﬁcally, can one conclude that peer eﬀects motivate pupils to increase eﬀort
as class mates receive higher grades? Without further assumptions, the answer
is no. Manski (1993) distinguishes the following three competing hypotheses
that may explain why agents in the same group behave similarly:
(a) endogenous interactions, wherein the propensity of an agent to behave in
a certain way varies with the behavior of the group members;
(b) exogenous (contextual) interactions, wherein the propensity of an agent
to behave in some way varies with the exogenous characteristics of the
group members, and
(c) correlated eﬀects, wherein agents in the same group tend to behave similarly because they have similar individual characteristics or face similar
institutional environments.
In the example of the school class, an endogenous eﬀect occurs when two
pupils have high grades because they are both motivated by the high grades of
the other student. When the high grades of the two students are a result of one
of them having superb computer facilities at home of which they both beneﬁt
since they make their assignments together, the correlation in outcomes is said
to be due to an exogenous eﬀect. If the correlation is due to the fact that they
have a good teacher, the eﬀect is coined correlated. The latter eﬀect gives rise
to spurious social eﬀects: it seems that processes operating at the group level
are a determinant of individual behavior, but in fact the relevant processes are
entirely operating at the individual level.9
The endogenous and exogenous eﬀects represent real social eﬀects. Of these,
only the endogenous eﬀect creates a feedback loop. In the case of positive
feedback, this loop may lead to a social multiplier, where the direct eﬀect
9 According to Manski (2000, p. 128), the focus in economics is mainly on endogenous
eﬀects whereas in sociology emphasizes the importance of exogenous interactions.

14

Social Interactions – A Survey

of a change in one of the exogenous variables of an agent on his outcome is
complemented by an indirect eﬀect through social inﬂuence.10 That is, the
aggregate eﬀect of the change is larger than the initial eﬀect on the individual
level. In our school class example, a social multiplier occurs when giving extra
tuition to one of the pupils not only raises his grades, but also the grades of
the student that did not receive extra tuition. In turn, the higher grades of the
second student provide an extra incentive for the ﬁrst student to increase his
grades. Identiﬁcation of the diﬀerent eﬀects is clearly important for purposes
of public policy. For example, measures that aim to change role models are
only eﬀective in the presence of endogenous interactions.
It turns out that the extent to which one can credibly distinguish between
these hypotheses empirically, critically depends on the interplay between the
model choice and the quality of the data at hand. In the model choice, the
empirical researcher typically has to make assumptions regarding: the functional form and the distributions of random variables. Most empirical studies
on social interactions (explicitly or implicitly) add assumptions that express
a priori knowledge that for some of the variables one or more of the eﬀects
mentioned in (a) till (c) is likely not to aﬀect the observed outcomes. Finally, assumptions concerning reference group deﬁnition — Who interacts with
whom? — are added. The latter set of assumptions is speciﬁc to models of
social interactions.
Of course, the credibility of these assumptions hinges on the nature of the
problem (a linear model is not appropriate when the dependent variable has
limited range) and the quality of the underlying data (excluding correlated
eﬀects is not credible when the data suﬀer from selection bias). Before discussing the particular problems in empirical data that corrode the credibility
of the modelling assumptions, I will illustrate the issues with the linear model.11
Suppose there are N agents. Each agent i (i = 1, 2, . . . , N ) is characterized
by a value for (yi , zi , xi , i ) ∈ R1 × RJ × RK × R1 . Here the outcome of interest
is yi and zi are attributes characterizing the agent’s reference group. Agent i’s
socioeconomic characteristics that directly aﬀect his outcome are denoted by
(xi , i ). Of these only realizations of xi are observed by the researcher.
In general,12 the relationship between the outcome variable yi and its determinants can be written as
yi = f (xi , g1 (y−i |zi ), g2 (x−i |zi ), i ),

(2.3)

where y−i ≡ (y1 , y2 , . . . , yi−1 , yi+1 , . . . , yN ) and x−i ≡ (x1 , x2 , . . . , xi−1 , xi+1 ,
. . . , xN ) . That is, the outcome for an agent is dependent on his individual
socioeconomic characteristics xi ; a function g1 (y−i |zi ) of the realizations of
10 Glaeser, Sacerdote and Scheinkman (2003) use the estimated ratio of aggregate coeﬃcients to individual coeﬃcients as a measure of the social multiplier.
11 The notation by and large follows Manski (1993).
12 A possible extension of this framework not considered in this thesis is to allow for a
multidimensional outcome variable y.
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y among those agents in the reference group of i deﬁned by zi ; a function
g2 (x−i |zi ) of the individual characteristics x among the agents in the reference
group deﬁned by zi , and on the agent’s unobservable characteristics i .
A common approach in empirical work is to assume that the functional form
f (·) is linear and that the functions g1 (·) and g2 (·) denote the mean behavior
in the reference group and the mean value of the individual characteristics of
the agents in the reference group, respectively.13 In this case (2.3) reduces to
the linear-in-means model (cf. Manski, 1993):
yi = α + xi  β + γE(y|zi ) + E(x|zi ) η + i ,

E(i |xi , zi ) = zi δ.

(2.4)

If γ = 0, the model contains an endogenous eﬀect; the eﬀect of exogenous
interactions is measured by η; if δ = 0, the model expresses correlated eﬀects.
For expositional simplicity, I consider the simple model with k = 1, 2, . . . , K
groups and I assume that there are two agents per group (i = 1, 2); cf. Mofﬁtt (2001).14 (The corresponding equations for the model with N agents are
derived in the appendix at the end of this chapter.)
y1k
y2k

= αk + x1k β1 + v1k β2 + x2k η1 + v2k η2 + γy2k + 1k
= αk + x2k β1 + v2k β2 + x1k η1 + v1k η2 + γy1k + 2k

(2.5)

In this pair of simultaneous equations, the scalars xik and vik both denote an
exogenous characteristic of individual i in group k, and ik is an error term.
1k and 2k are assumed to be independent and orthogonal to x1k , x2k , v1k and
v2k . Since the value of γ is individual independent, interactions in this model
are symmetric, meaning that individual 2’s outcome is assumed to exert the
same inﬂuence on individual 1 as the other way around. The reduced form of
this model is (provided that γ = 1)

y1k
y2k

= ak + x1k b1 + v1k b2 + x2k c1 + v2k c2 + u1k
= ak + x2k b1 + v2k b2 + x1k c1 + v1k c2 + u2k

(2.6)

where
13 Manski further proposes transmitting the social eﬀect by distributional features other
than the mean, like e.g. the dispersion of behavior in the reference group. Although this
approach possibly opens new perspectives for identiﬁcation of social eﬀects, it is hitherto not
applied in empirical work.
14 Implicit in this speciﬁcation is the assumption that group composition is exogenously
given. Moreover, E(y|zi ) and E(x|zi ) are replaced by their respective sample means
EN (y|zi ) = y3−i and EN (x|zi ) = x3−i , i = 1, 2.
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ak
b1

=
=

αk /(1 − γ)
(β1 + γη1 )/(1 − γ 2 )

(2.7)
(2.8)

b2

=

(β2 + γη2 )/(1 − γ 2 )

(2.9)

c1
c2

=
=

(η1 + γβ1 )/(1 − γ )
(η2 + γβ2 )/(1 − γ 2 )

(2.10)
(2.11)

u1k
u2k

=
=

(1k + γ2k )/(1 − γ 2 )
(2k + γ1k )/(1 − γ 2 ).

(2.12)
(2.13)

2

It is clear that it is impossible to identify the parameters (αk , β1 , β2 , η1 , η2 , γ)
from the reduced form parameters (ak , b1 , b2 , c1 , c2 ). However, identiﬁcation of
a general social eﬀect is possible without further assumptions, since a non-zero
value of c1 or c2 implies that one of the parameters γ, η1 or η2 has to be nonzero. See Manski (1993) and Brock and Durlauf (2001b) for formal theorems
on conditions for identiﬁcation in the linear-in-means model.
A word of caution however is appropriate at this point. The provision
that 1k and 2k in (2.5) are independent and orthogonal to the explanatory
variables is a key assumption that is likely to be violated.15 In many empirical
situations, the error terms of agents within the same group are correlated,
due to unobservable variables, measurement errors or due to endogenous group
membership (see section 2.3). Correlated eﬀects (δ = 0 in (2.4)) caused by a
dependence between 1k and 2k spoil the weak form of identiﬁcation of social
interactions since they bias estimates of the coeﬃcients in equation (2.6).
Identiﬁcation of endogenous and/or exogenous interaction eﬀects in the
linear-in-means model can be accomplished by
• Imposition of exclusion restrictions, assuming
A no correlated eﬀects or;
B the presence of at least one explanatory variable that has no endogenous or exogenous eﬀect and is uncorrelated with the disturbances.
Note that in slight departure from common usage, exclusion restrictions here
may also be restrictions on parameters in the covariance matrix. If B is assumed, A is superﬂuous for identiﬁcation of the endogenous interaction eﬀect.
Many empirical studies achieve identiﬁcation by imposition of the exclusion
15 Moﬃtt (2001, p. 56) says that “To assume independence of 
1k and 2k is to implicitly
assume that all of the correlation of values of y among individuals in a group who have the
same x values arises from social interactions, and this ignores the basic identiﬁcation problem
in the model – namely, how to distinguish within group correlations that arise from social
interactions form correlations that arise for other reasons.” To this he adds that separate
identiﬁcation of the endogenous and exogenous social eﬀect through use of the covariance of
u1k and u2k is precluded by this dependence between 1k and 2k .
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restrictions A and B, assuming no correlated eﬀects and only one form of interactions – endogenous or exogenous. Exclusion restriction B is relatively
weak and can credibly be imposed in many practical applications. In (2.5) this
equals restricting one of the variables β1 , β2 , η1 or η2 to zero. In our hypothetical school class for example, assume that a pupil’s sleeping time is exogenously
determined. One can imagine that pupil 1’s achievement y1k is aﬀected by
the time v1k he spends on sleeping. It is quite diﬃcult to see why his sleeping time should have a direct eﬀect on the second pupil’s achievement. Thus,
η2 = 0 in (2.5) and identiﬁcation of the endogenous eﬀect γ follows through
the division c2 /b2 = γ. What is required is for successful implementation of
this restriction is that the exogenous variable on which exclusion restriction B
is imposed, indeed has explanatory value. In fact, when there are more variables for which restriction B holds, not only the group speciﬁc coeﬃcient αk is
identiﬁed, but one can, given a suﬃcient number of observations per group, in
principle even estimate group-speciﬁc slope coeﬃcients. See Kooreman (2003)
for further discussion on this.
Credible imposition of restriction A is much harder in practice. As we will
see in the next section, there are a number of problems in empirical data-sets
that lead to correlated eﬀects. In general, there are three ways to circumvent
problems with the credibility of the exclusion restrictions:
1 Collect data such that the restrictions are not needed or such that the
credibility of the restrictions is maximized;
2 Use an inferential procedure that does not use the restrictions or maximizes their credibility (e.g. the use of instrumental variables);
3 Use a functional form other than the linear structure in (2.4) that such
that the restrictions are not needed or such that the credibility of the
restrictions is maximized.
For example, the relative advantage of using non-linear functional forms f (·)
in (2.3) is that imposition of exclusion restriction B to disentangle endogenous and exogenous eﬀects is not necessary. Non-linear functional forms arise
naturally when the dependent variable has a limited range, as when the outcome y results from a binary choice (Brock and Durlauf, 2001a; Kooreman and
Soetevent, 2003) or multinomial choice (Brock and Durlauf, 2003). The reason
for the diﬀerence is that limited dependent variable models, contrary to the linear model, break the linear relationship between the group characteristics and
group behaviors.16 Non-linear models allow for multiple equilibria which may
open new possibilities for identiﬁcation. A problem of these models however
16 Brock and Durlauf (2001a, p. 254) provide the intuition: “ . . . suppose that one moves
an individual from one neighborhood to another and observes the diﬀerences in his behavior.
If the characteristics and behaviours of the neighbourhoods always move in proportion as
one moves across neighbourhoods, then clearly one determines the respective roles of the
characteristics as opposed to the behaviour of the group in determining individual outcomes.
This can never happen in the logistic binary choice model case given that the expected

18

Social Interactions – A Survey

is to determine to which equilibrium the data correspond, which, according to
Moﬃtt is “a higher level of identiﬁcation problem.” This issue is discussed in
chapters 4 and 5.
To summarize, identiﬁcation in empirical work on social interactions evolves
around the problem of being able to distinguish among three hypotheses that
may explain why agents in the same group behave similarly. In the context of
the linear model, exclusion restrictions have to be added in order to achieve
identiﬁcation of social eﬀects. The credibility of the exclusion restrictions is
easily challenged in many empirical settings. For this reason, it pays to look for
data that enhance the credibility of these restrictions or for inferential procedures or functional forms that either avoid the need to impose (some of) these
restrictions or that enhance their credibility.
Each of these possibilities will be extensively discussed in the next section.
In that section, I will discuss the three major underlying (data) problems that
complicate identiﬁcation: the simultaneity problem, the correlated variables
problem and the selection problem. Subsequently, I will explain how the approaches 1 till 3 are – or potentially could be – used in empirical work to
mitigate or solve these problems. In doing this, I will simultaneously give a
brief survey of the empirical literature.

2.3

Empirics of the identiﬁcation of social interactions

In this section, I will discuss the major type of (data) problems encountered
in the empirical identiﬁcation of social interactions. These problems can be
grouped into three categories:
• The simultaneity problem;
• The correlated variables problem, and
• The group endogeneity or selection problem.
None of these problems is speciﬁc to empirical research on social interactions, in fact, they are all part of the canon of classical problems in applied
econometrics. The purpose of this section is to examine the particular consequences of these problems for research on social interactions and to investigate
which remedies are possible to solve or circumvent these problems.
average choice must be bounded between −1 and +1. So, for example, if one moves across
a sequence of richer and richer communities, the percentage of high school graduates cannot
always increase proportionally with income.”
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The simultaneity problem

The simultaneity problem is also called the reﬂection problem, which, stated
in the words of Bruce Sacerdote (2001) — is “the eﬀect that if individuals i
and j aﬀect each other simultaneously, it is diﬃcult to separate out the actual
causal eﬀect that i’s outcome has on j’s outcome.”17 In this strict sense,
‘simultaneity’ then only points to the feedback process that exists between
y1k and y2k . Sometimes,18 the phrase is used more broadly to refer also to
the complications caused by the presence of exogenous interactions; that is,
by the fact that some of the exogenous socioeconomic characteristics of agent
A not only aﬀect his own outcome, but simultaneously have a direct eﬀect
on agent B’s outcome. What is observed by the econometrician is the ﬁnal
equilibrium outcome of this feedback process.19 The problem is particular
persistent in research on social eﬀects, since exclusion restrictions of the form
that the outcome of agent A does aﬀect the outcome of agent B but not vice
versa, are seldom justiﬁable.
What do we gain if simultaneity is avoided? If there is no feedback eﬀect
from agent 1 to 2, equation (2.5) reduces to
y1k
y2k

= αk + x1k β1 + v1k β2 + x2k η1 + v2k η2 + γy2k + 1k
= αk + x2k β1 + v2k β2 + x1k η1 + v1k η2 +
2k

(2.14)

Note that y2k in the expression for y1k is still endogenously determined by the
presence of exogenous eﬀects of agent 1 on agent 2. Direct regression of y1k
on the explanatory variables and y2k will lead to biased estimates. Additional
exclusion of exogenous eﬀects of agent 1 on agent 2 further reduces the model
to
y1k
y2k

= αk + x1k β1 + v1k β2 + x2k η1 + v2k η2 + γy2k + 1k
= αk + x2k β1 + v2k β2 +
2k

(2.15)

In this case, the outcome for agent 2 is exogenous in the ﬁrst equation, and
if 1k ⊥ 2k , estimation of the ﬁrst equation in (2.15) leads to an unbiased
parameter estimate of γ. The endogenous and exogenous social eﬀects are now
identiﬁed separately.
Are there empirical situations of which one can credibly argue that a feedback
loop from one part of the population to another part is absent? Moﬃtt (2001)
mentions the possibility of
17 A reason for using the name simultaneity problem instead of reﬂection problem, is that
in Manski’s 1993 paper in which he introduces the latter name, the main subject actually
is identiﬁcation in the presence of endogenous interactions, which encompasses the subject
‘identiﬁcation in the presence of the simultaneity problem.’
18 Sacerdote (2001) and Gaviria and Raphael (2001), for example.
19 In the words of Peyton Young (1998, p. 4): “In neoclassical economics, equilibrium is the
reigning paradigm. Individual strategies are assumed to be optimal given expectations, and
expectations are assumed to be justiﬁed given the evidence ( . . . ) Neoclassical economics
describes the way the world looks once the dust has settled.”
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1a group changing interventions

as a means of breaking the simultaneity in outcomes.
Studies of group changing interventions use data in which agents are assigned in a random fashion to reference groups. The main merit of these studies
is that they solve the group endogeneity problem (see section 2.3.3), but some
of them also break the simultaneity because of their speciﬁc setup. An example
is Katz, Kling and Liebman (2001) who study the eﬀects on well-being from
moving from a high-poverty area to a low-poverty area by comparing families
who received housing vouchers by a random lottery with families who did not
receive such a voucher. The probability of receiving a voucher is independent
of individual household characteristics. The assumption that eliminates the
reﬂection problem in this study, is that a moved family does not inﬂuence the
variables of interest in the neighborhood they move to. This is plausible: Consider the neighborhood as a street with N families and suppose that each family
attaches a reference weight of 1/N to the other families in the neighborhood.
When N → ∞, this means that the behavior of families already living in the
street is not changed by the moving in of one new family. The eﬀect for the
new family however, is that all of its neighbors, having a total reference weight
of N · (1/N ) = 1, change. Therefore, the causal eﬀect is unidirectional for N
large. In relation to (2.15), this means that the average outcome of the neighN
bors of agent 1, ( j=2 yjk )/(N − 1), is predetermined in a limiting sense in the
ﬁrst equation, and limited information estimation of the ﬁrst equation leads to
consistent estimates. Sacerdote (2001) estimates peer eﬀects among randomly
assigned college roommates. He ﬁnds peer eﬀects on GPA at the individual
room level and peer eﬀects in fraternity membership at the individual room
level and at the entire dorm level. At these levels, N is ﬁnite. Therefore, he
is not able to solve the simultaneity problem and to estimate an unidirectional
causal relation.
Whereas the solution of group changing interventions evolves around the
data generating procedure, another limited information estimation method that
is widely used in practice to overcome the simultaneity problem uses a speciﬁc
inferential procedure, namely
2 instrumental variables (IV) estimation.
The idea behind the use of instrumental variables is the following: identiﬁcation is accomplished by tracking down one or more variables vik for which no
exogenous social interactions exist. The suitability of diﬀerent candidates has
to be assessed by the researcher. With respect to equations (2.5) till (2.13),
the IV-methodology can be explained as follows. Suppose that variable vik is
assumed to have no direct eﬀect on the other agent. In this case (2.5) reduces
to
y1k
y2k

= αk + x1k β1 + v1k β2 + x2k η1 +
= αk + x2k β1 + v2k β2 + x1k η1 +

γy2k + 1k
γy1k + 2k

(2.16)
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Regress y2k on v2k and take the estimated value ŷ2k , which is uncorrelated with
1k . Regression of y1k on ŷ2k rather than y2k then produces the IV-estimator
of γ. Alternatively, one could derive the structural form parameters by full
information estimation of the reduced form (2.6) with the exclusion restriction
η2 = 0. The latter approach has the advantage that potentially, eﬃciency gains
may be realised since both equations are estimated together.
Examples of the use of IV are Case and Katz (1991) and Gaviria and
Raphael (2001). Hanushek et al. (2003) use lagged peer achievement as a proxy
for the current value. As they point out, this strategy is problematic when the
error terms are serially correlated (e.g. because of unobserved teacher quality)
and will in general lead to an estimate of γ that is downward biased. Likewise, Boozer and Cacciola (2001) use classmates’ previous exposure to a class
reduction treatment as an instrument for current peer group achievement.
Finally, Kawaguchi (forthcoming) — in a study on substance use among
American teenagers — claims to solve the simultaneity problem by replacing mean peer behavior in the reference group of agent i (E(y|zi ) in (2.4))
by perceived peer behavior p(y|zi ). Kawaguchi derives information about an
individual’s subjective perception of his/her peers’ behavior from answers to
questions as: “What percentage of kids (in your grade/ in your grade when
you were last in school) smoke(d) cigarettes?” Answers are reported in the following categories: almost none (less than 10%); about 25%; about half (50%);
about 75% and almost all (more than 90%).
This approach however is based on the problematic assumption that perceived peer behavior is not determined by actual behavior. This, of course,
is not very likely: Suppose you have two classes, H and L. In class H, a high
fraction of the pupils smokes cigarettes, say 40%; in class L, this fraction is
much lower, say 5% of the pupils. A randomly chosen pupil of class H who is
asked to answer the question “What percentage of kids in your class smokes
cigarettes?” is likely to give a higher estimate of the perceived smoking incidence of his peers, than a pupil of class L. In the extreme case of no perception
errors E(y|zi ) equals p(y|zi ).

2.3.2

The correlated unobservables problem

The correlated unobservables problem is the problem that arises if there is some
group-speciﬁc component of the error term, say µk , that 1) varies across groups
and 2) is correlated with the exogenous characteristics of the individuals (xik
and vik ). The deﬁnition has two parts. First, intra-group error terms are
correlated by the unobserved term µk : 1k ⊥ 2k in the two-person example.
Second, the error terms are correlated with the some of the exogenous characteristics of the individuals, such that xik ⊥ jk and/or vik ⊥ jk for j = 1, 2 in
the two-person example. In the Katz, Kling and Liebman study discussed in
the previous section, the presence of correlated unobservables would lead to a
biased estimate of the endogenous eﬀect. The reason is that in that case, the

22

Social Interactions – A Survey

average outcome of the neighbors of agent 1 is no longer independent of the
error term 1k .
Although the problem is by no means speciﬁc to social interactions, correlated unobservables are very probable to arise in applied work in this ﬁeld. A
main reason for this is that it is inherent to empirical research on social interactions that individuals from diﬀerent groups are compared, groups that must
inherently diﬀer in some respect. Moﬃtt (2001) makes a useful distinction
between two generic sources of correlated unobservables:
1. Sorting Sorting and endogenous group membership, and preferences or
other forces lead certain types of individuals to be grouped together.
2. Common environmental factors Common environmental factors in
the neighborhood such as crime, schools, and employment opportunities.20
The intra-group correlation may be caused by an omitted variable µk at
the group level (in the school example for example the unobserved ability of a
teacher that teaches a certain class) and/or by omitted variables at the individual level µik that are mutually correlated (e.g. the individual travelling time to
school, where pupils from the same town are selected in the same class). Some
speciﬁc solutions are available for the case where correlated unobservables are
caused by sorting. These are discussed separately in the next section. In the
remainder of this section, I focus on some general solutions that may mitigate
the problem.
A common solution in the literature to the problem of correlated unobservables is to
3 apply a functional form that explicitly accounts for inter-group diﬀerences
by adding group-speciﬁc ﬁxed eﬀects.
The problem would be solved if all the relevant group level variables — the z’s
in (2.3) — could be added to the regression equation. This of course is (often)
not feasible. For this reason, most researchers take up a number of group or
neighborhood characteristics to serve as a proxy for the relevant variables.
A simple way to account for diﬀerences between groups is to simply add
a group-speciﬁc ﬁxed eﬀect (like the αk ’s in (2.5)). Examples of studies that
incorporate group-speciﬁc eﬀects are Aronsson, Blomquist and Sacklèn (1999),
Aaronson (1998) and Sacerdote (2001). A necessary condition for identiﬁcation
is that one has more than one observation per group. Having more observations means that the researcher can deﬁne a larger number of K groups, thereby
20 Moﬃtt (2001, p. 61-62) notes that for this second source, the relationship to the population composition of a group is more complex: “Crime, for example, may be partly a function
of the fraction of group individuals with low income; school characteristics are determined
through a political process where the inﬂuence of population composition is not entirely clear,
particularly in cases where population in the area is fairly heterogeneous.”
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increasing the similarity of agents within the same group which in turn mitigates the correlated unobservables problem. One provision with regard to the
data is that the researcher has enough information per agent to base a useful
classiﬁcation into groups upon.
In Aronsson, Blomquist and Sacklèn, Aaronson (1998), the condition of
more than one observation per group is satisﬁed by using a pseudo-panel.
Aaronson estimates for siblings the impact of neighborhood conditions on the
likelihood of graduating from high school. In comparing siblings, he is able to
account for unobserved family characteristics. Using the extensive panel data
set of the UTD Texas Schools Project, Hanushek et al. (2003) can account
for both school and individual ﬁxed eﬀects. They ﬁnd that peer achievement
has a positive eﬀect on achievement growth, as measured by scores in math
tests. Kooreman (2003) argues that with enough observations per group, not
only group-speciﬁc ﬁxed eﬀects can be estimated, but even group-speciﬁc slope
coeﬃcients. This amounts to adding subscripts k to (some of) the parameters
βj , ηj (j = 1, 2) and γ in equation (2.5). The data set examined in chapter 4
contains for each school observations on more than one class, which enables
us to estimate school-speciﬁc ﬁxed eﬀects.21 Another solution that is used in
chapter 4 to account for unobserved correlation within groups is to explicitly
allow for this possibility by adding correlated within-class error terms.22
The merit of the solutions mentioned is that they relax exclusion restriction
A; they do not rule out violation of this restriction. In the end, credibility is
in the eye of the beholder. The solutions also do not help to separate between
endogenous and exogenous eﬀects.
Other procedures that help to mitigate the problem of correlated unobservables caused by common environmental factors are
1b partial-population experiments.
In partial-population experiments, a fraction of the agents within the group
are given a treatment. Since group membership is unchanged, an advantage
compared to random group assignment is that the intervention is likely to be
more natural. As an example, suppose that extra tuition given to some pupils
in a school class and, with regard to our two-person example, suppose that only
agent 1 receives extra tuition. In this case, with vik representing extra tuition,
equation (2.5) reduces to:23
21 Arcidiacono and Nicholson (forthcoming) exploit the panel data aspect of their data set
to the same end.
22 Moﬃtt (p. 63) mentions the identiﬁcation problems that arise when µ is a function of
k
the group population characteristics zi , e.g. when the crime rate is a function of the portion
of low-income people in the group population. One possible solution to this problem is to
assume a non-linear relationship between µk and zi , e.g. by assuming that the crime rate is
dependent on average income in the quantile of the group population with lowest income.
23 The corresponding reduced form is equal to (2.6) with η = 0 such that c = γβ /(1−γ 2 )
2
2
2
and b2 = β2 /(1 − γ 2 ).
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y1k
y2k

= αk + x1k β1 + v1k β2 + x2k η1 +
= αk + x2k β1 +
x1k η1 +

γy2k + 1k
γy1k + 2k

(2.17)

Contrary to the random assignment mechanisms, partial-population experiments do not lift the endogeneity of y2k , but they strengthen the credibility
of exclusion restriction B by explicitly introducing a (treatment) variable that
has no exogenous eﬀect on the fraction of the population that is not treated.
Note that v2k = 0 as in the second equation of (2.17) is not necessary for
identiﬁcation; what matters is the presence of enough within-group variation
in vik .24
Moﬃtt (2001) describes preference changing interventions as a solution for
correlated variables that is very much related to partial-population experiments, for they both operate on only a subset of the population. The only
diﬀerence with partial-population experiments is that preference changing interventions aim to change the preferences of a subset of the agents in the
population instead of an exogenous characteristic.
Examples of these kind of interventions are mass media campaigns directed
to a subset of the population, for example to the opinion leaders. One can
think of the campaigns proclaiming that not-smoking is ‘cool’.25 The way
identiﬁcation of the model parameters is oﬀered is the same as for partialpopulation experiments: vik in (2.17) can be replaced by a treatment dummy
for a randomized trial of a campaign. As Moﬃtt notes (p. 59): “In this case,
however, there are no obvious natural experiment counterparts to mass media
campaigns . . . ”
Partial-population experiments and preference changing interventions randomly assign some agents within a group to a treatment but they do not randomly assign agents to groups — this in contrast to group changing interventions. For this reason, the presence of sorting and common environmental
factors may, as in any regression model, induce a correlation between the explanatory variables other than the treatment variable and the error terms. As
a consequence, partial-population experiments do not suﬃce to identify the
exogenous eﬀect η1 of the non-treatment variable xik in (2.17) in the presence
of correlated unobservables, since the treatment does not eliminate the correlation between x(3−i)k and uik . In order to account for correlated unobservables,
it is recommended to add group-speciﬁc ﬁxed eﬀects to reduced form models
that are estimated on basis of data from partial-population experiments or
preference changing interventions.
An environment that is especially suitable for administering partial-population experiments is that of
24 Currently, the idea of a partial-population experiment is applied in a study in which
we investigate the eﬀect that lottery prize winners have on the consumption pattern of
neighboring non-prize winning households. This research is presently in the phase of data
collection and for this reason not reported in this dissertation.
25 e.g. http://www.philipmorrisinternational.com/pages/eng/ysp/Media.asp.
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1c laboratory experiments.
Recently, experimental economists have indeed set up some of these experiments to isolate social interaction eﬀects. Ball et al. (2001) study the value of
status (the vik variable) in an experimental market. Status is awarded to half
of the group, either by administering a quiz or randomly. The members of the
high-status group receive a gold star. Ball et al. ﬁnd that in the subsequent
market experiment, prices are higher when higher-status sellers face lower status buyers. Falk and Ichino (2003) take a slightly diﬀerent approach. They
investigate the eﬀect on work eﬀort of subjects by making them aware of the
eﬀort previously made by artiﬁcial other subjects on the same task. They ﬁnd
that when the output of the artiﬁcial subjects is higher, the subjects’ output is
higher. In our framework, the setup in this experiment amounts to exogenously
manipulating the output yik for part of the population, i.c. the artiﬁcial peers.
When compared to ﬁeld research, laboratory experiments have some advantages due to the fact that the laboratory environment is highly controllable.
First, by creating an identical environment for all groups, an experimenter can
greatly reduce the probability that common environmental factors drive observed diﬀerences in group behavior.26 Second, in experiments that are played
anonymously behind computer screens and in which subjects only observe the
outcomes of the decisions made by the other players, the probability that exogenous eﬀects aﬀect outcomes is minimal. For this reason, experiments with
conﬁdentiality easily comply with exclusion restriction B that there is at least
one explanatory variable that has no exogenous eﬀect.

2.3.3

The group endogeneity problem

In most cases, individuals or households are not assigned to a reference group
but choose a reference group themselves. To give an example, families choose
the neighborhood they want to live in, and the school choice for a child is to a
large extent determined by the child’s parents. This leads to biased estimates
of social eﬀects. The group endogeneity problem or selection problem refers to
the presence of selection bias when agents self-select (or, in the case of school
children, their parents) into reference groups.27 The problems for identiﬁcation
are the same as in the correlated unobservables problem, but knowing the
speciﬁc cause helps in ﬁnding accurate solutions.
Solutions to this speciﬁc source of correlated unobservables fall into the
categories 1a, 1c, 2 or 3. The group changing interventions discussed in section 2.3.1 are a powerful tool to accomplish the desired elimination of the
correlated unobservables problem — to the extent that this problem is caused
by sorting. A problem with this approach is that the observable and unobservable individual characteristics have to be left unaﬀected by the intervention.
26 Still it is advisable to add group-speciﬁc ﬁxed eﬀects to the reduced form speciﬁcation
whenever possible, even when one applies a design with a randomization mechanism in a
laboratory experiment.
27 Heckman (1978).
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Otherwise a change in outcome could as well be ascribed to a change in individual fundamentals as to a genuine social eﬀect. In particular, this holds
for environmental factors; in Katz et al. (2001), for example, the assignment
mechanism does not prevent biases from unobserved diﬀerences in institutions
between neighborhoods. A second problem that is not solved by random group
assignment is relocation; agents can simply move back to where they began
or otherwise adjust their behavior to compensate for the change in location
(Moﬃtt, p. 50). For this reason, the speed at which the social interactions
have their eﬀect needs to be faster than the speed of the locational adjustment
process.28 Laboratory experiments have the advantage over ﬁeld experiments
that relocation is no issue, since subjects are randomly assigned to groups for
the course of the experiment.
In the speciﬁc case of Sacerdote’s (2001) study, random assignment ensures
that the obtained estimates are unbiased since all of a roommate’s background
variables are uncorrelated with the own background characteristics. That is
both xik ⊥ u(3−i)k and vik ⊥ u(3−i)k in (2.6). If there are background variables
vik that have no direct eﬀect on the roommate’s outcome (η2 = 0), exclusion
restriction B is satisﬁed. Estimates of the endogenous eﬀect are easily obtained
through the division c2 /b2 = γ. Sacerdote (p. 696) does this for a number of
regressions that diﬀer with respect to the variable vik that is assumed to have
no direct eﬀect. Without addressing the issue of overidentiﬁcation, Sacerdote
ﬁnds that the value found is not particularly robust to the choice of the variable
vik .29
A more conventional method to deal with group endogeneity is by the use
of instrumental variables. Evans, Oates and Schwab (1992) is one of the ﬁrst
studies that addresses the group endogeneity problem in this way.30 They look
at the role of neighborhood characteristics on the probability of teen pregnancy.
In their model, the probability of teen pregnancy is a function of the percentage
of economically disadvantaged students in a student’s high school.31 This peer
group variable is likely to be correlated with unobserved individual characteristic and for this reason Evans et al. add a second equation in which the peer
group variable is regressed on a set of variables that determines teen pregnancy
and a set of four instrumental variables that characterize a teenager’s reference
group, but that are assumed not to aﬀect the probability of pregnancy. Each of
these four variables (which includes the poverty rate and median family income)
is measured at the level of the metropolitan area. The implicit assumption is
28 Ludwig, Duncan and Hirschﬁeld (2001) use the group changing intervention induced by
the Moving To Opportunity program to study the eﬀects on juvenile crime.
29 Related papers with the same kind of setup are Zimmerman (forthcoming) and Kremer
and Levy (2003). Zimmerman ﬁnds some eﬀect of roommates’ SAT score on own SAT score.
Kremer and Levy ﬁnd a negative eﬀect of roommates’ drinking behavior on own GPA score.
30 Actually, Evans et al. estimate a simultaneous system of two equations while allowing
for a positive correlation between the error terms. They notice that IV-estimation would
lead to similar estimates.
31 Schools were asked to estimate the percentage of students who were disadvantaged under
Elementary and Secondary Education Act guidelines.
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then that the metropolitan area of residence is exogenous for families and that
the set of locational choices is restricted to areas within a metropolitan area.
Evans et al. ﬁnd that the signiﬁcant exogenous eﬀect of the peer group on teen
pregnancy disappears once one accounts for group endogeneity.
This approach reﬂects an idea that has its origin in Tiebout (1956). In
Tiebout’s model, agents are fully mobile and move to the local community
whose ﬁxed revenue-expenditure pattern on public goods best matches their
preferences. Tiebout distinguishes between the provision of public goods at
the central (federal) and the local level. At the country-wide, federal level, the
preferences of the agents are given, but at the level of the local community,
they are endogenous because agents can move between diﬀerent communities
within the country borders. The IV-approach of Evans et al. is based on a
similar idea, viz. that it is easy for agents to move within a metropolitan area
but hard to move between diﬀerent metropolitan areas.32
Rivkin (2001) questions whether the use of aggregate level data as instruments ameliorates the problem of group endogeneity. His results suggest that
using aggregate level characteristics in fact increase the magnitude of the bias
caused by group endogeneity. Moﬃtt (2001, p. 70) critisizes papers that use
instrumental variables for the absence of formal models that justify the choice
of instruments. One way to give such a justiﬁcation is e.g. by giving an explicit
description of a residential choice model. In a paper on neighborhood eﬀects
on housing demand, Ioannides and Zabel (2003) give such a formal justiﬁcation by linking to properties of housing markets to select instruments for the
neighbors’ housing demand.
Another strategy proposed to infer whether estimates are biased by group
endogeneity is to split the sample into two groups, one containing the households that recently moved and the other containing the households that did
not move. See Glaeser, Sacerdote and Scheinkman (1996) and Gaviria and
Raphael (2001) for applications of this strategy. The line of reasoning behind
this approach is that long-term residents are less likely to be self-selected which
should result into a smaller estimate of the peer group eﬀect than for movers.
The argument mistakenly neglects the fact that the decision not to move is as
well a rational outcome of a self-selection process into neighborhoods.
A particular way of solving for selection bias caused by group endogeneity
is to explicitly model the locational decisions of the agents. In such a model,
each agent ﬁrst selects the group that maximizes his utility, conditional on the
locational decisions of all other agents. In the second stage, peer group eﬀects
between agents in the same group take eﬀect and aﬀect equilibrium behavior
within the groups formed. Ioannides and Zabel (2002) implement this strategy.
They formulate a nested multinomial logit model in which — conditional on
the choice of a census tract within a metropolitan area — the cluster choice
32 Another empirical study that applies a similar identiﬁcation strategy is Bertrand et al.
(2000) .
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is assumed to be independent.33 As ﬁrst advanced by Brock and Durlauf
(2001b, p. 3328-3331), an additional merit of the selection bias correction is
that it induces exclusion restriction B to be fulﬁlled almost automatically. A
suﬃcient condition for the separate identiﬁcation of endogenous interactions is
that there is one determinant vik of residential choice that does not have an
exogenous eﬀect (η2 = 0 in (2.5)). Policy interventions that give subsidies vik
to locate in group k to a randomized portion of the population create such a
determinant.
Two remarks are in order at this point. First, the assumption is made that
a unique locational equilibrium exists, that is, there is a unique allocation of
agents to groups in which each individual’s preferred location is consistent with
that of all other individuals.34 Second, the sequence of stages requires that the
speed of locational adjustment is slower than the speed at which the social
interactions take eﬀect.35

2.3.4

The use of aggregate level data

The empirical problems in the previous sections were discussed in the context
of regressions of individual outcomes on sets of individual and group characteristics. As a result, the focus has been more at the feedback property of social
interactions than at the multiplier property.
In this section, I will pay brieﬂy attention to some alternative estimation
techniques that instead focus on aggregate – macroscopic – properties that
emerge from individual decision making under social interactions. These approaches try to directly utilize the idea that social interactions create multiplier
eﬀects that lead to large ﬂuctuations in observed behavior.
The ﬁrst technique employs the variance of group averages by decomposing
this variance in a part due to unobserved heterogeneity between groups and
a part due to social interactions that take place within these groups. The
most prominent empirical application of this technique is Glaeser, Sacerdote
and Scheinkman (1996), who decompose the variance of excess crime rates —
being the observed crime rates minus the crime rates that are expected on
basis of a set of city level characteristics — into the sum of the variance of
the conditional expectations (based on observables and unobservables) and the
expected conditional (on observables and unobservables) variance of crime rates
minus expected crimes (where that expectation is based on observables). In
fact, this decomposition is an application of the standard result36 in statistics
33 This

approach does not account for the possible sorting within census tracts, which might
be non-negligible given the fact that census tracts constitute areas of about 5000 inhabitants.
34 Moﬃtt (2001, p. 64). He also notices that the equilibrium implications of the model are
neglected in most empirical applications.
35 Since the locational decision process takes place at the individual level, it is clear that
adding group-speciﬁc ﬁxed eﬀects as proposed in the previous section is not eﬀective when
the underlying source for correlated unobservables is group endogeneity.
36 The theorem is for example stated in the textbook by Lindgren (1993, p. 109).
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that
var(yj ) = var[E(yj |j )] + E[var(yj |j )],

(2.18)

with j a function of unobservable urban characteristics. The term var[E(yj |j )]
denotes the variance based on urban heterogeneity and E[var(yj |j )] denotes
the part of the variance that is ascribed to social interactions. Since only the
aggregate and the individual variance are used, this technique is especially useful in situations in which no individual level data are available. Think of data at
the city, state or country level, or at the class, cohort or school level.37 Glaeser
et al. ﬁnd that the high variance of crime rates cannot only be accredited to
urban heterogeneity and that social interactions may play a role. However, the
particular assumption that the variance of the function of urban unobservables
var(j ) is constant for cities of diﬀerent size is violated in the likely case that
the level of unobserved heterogeneity increases with the aggregation level.
The second technique exploits the fact that the social multiplier is the estimated ratio of aggregate coeﬃcients to individual coeﬃcients. The idea is
used to perform regressions of the outcome of interest on a set of explanatory
variables at diﬀerent levels of aggregation. The ratio of the aggregate coeﬃcient to the individual coeﬃcient then gives an indication of the value of the
social multiplier. In this way, Glaeser, Sacerdote and Scheinkman (2003) estimate the determinants of joining a fraternity at the individual, room, ﬂoor
and dorm level. Looking at the coeﬃcients for drinking beer,38 they ﬁnd that
the coeﬃcients increase with aggregation level. The drawbacks of this method
are that it only gives unbiased estimates in the absence of sorting and that it
requires that exogenous eﬀects do not play a role. Moreover, as in the variance
across space method, the approach hinges on the strong assumption that the
level of unobserved heterogeneity is constant over all levels of aggregation.
In an approach unrelated to those discussed above, but also on basis of aggregate data, Crane (1991) ﬁnds a non-linear relationship between the number
of high-status workers in a neighborhood and the number of out-of-wedlock
births. This suggests that the social environment has an especially large impact on individual decision making when the number of high-status workers
in a neighborhood falls below a certain threshold. In a similar analysis on the
relationship between unemployment and the percentage of bachelors in a neighborhood, Krauth (2000) recognizes the bias that may result from endogenous
sorting into neighborhoods (which is neglected by Crane). Krauth develops a
structural model to account for this bias and ﬁnds that sorting alone cannot
generate the observed thresholds without also implying a wage distribution
which is inconsistent with the one observed in microeconomic data.
Some empirical studies based on individual level data use data sets with
enough detail to also detect non-linear eﬀects in relation between the outcome
37 As

Glaeser et al. note, in case of a binary variable only the aggregate variance is needed.
coeﬃcients are chosen because drinking beer is the best predictor of joining a
fraternity, but ultimately it is an ad hoc choice.
38 These
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variable and some of the background variables. Examples are Hoxby (2000)
and Hanushek et al. (2003). Hoxby makes the eﬀect of a change in the fraction
of black students in a cohort on students’ reading scores dependent on the
initial fraction of black students. One of her ﬁndings is that the negative eﬀect
of the black share on Anglo students is signiﬁcantly larger in cohorts that are
at least 33 percent black, but that there is no signiﬁcant diﬀerence between
cohorts that are in the 33 to 66 or in the 66 to 100 percent range.

2.3.5

Other model credibility checks

In this section, several empirical problems that complicate the identiﬁcation of
social interaction eﬀects were discussed. Proposed and implemented strategies
for identiﬁcation were assessed on basis of their ability to credibly impose either
exclusion restriction A or B. I want to mention one more tool that is often used
to justify the correctness of estimates of interaction eﬀects. This tool is to study
a range of outcomes and to diﬀerentiate between areas where peer eﬀects are
found to be important and areas where they are less important and areas where
peer inﬂuences are absent. If the resulting ordering is natural, this gives some
support to the validity of the estimation procedure. Examples of studies in
which such an ordering is made are Sacerdote (2001, p.863); Glaeser et al.
(1996), Alessie and Kapteyn (1991) and the study reported in chapter 4.

2.4

Reference group deﬁnition

A question left unanswered thus far is the following: How does the researcher
know who interacts with whom? What does the underlying social structure between the agents look like?39 Although interest for interaction structures dates
back to at least Simon (1957, p. 99-114), models focusing on neighborhood
eﬀects neglect or strongly simplify the speciﬁc links between individuals that
deﬁne who interacts with whom in society. To a large extent, this is due to the
fact that these links are very hard to identify empirically.40 Most of these ad
hoc reference group deﬁnitions put forward by empirical researchers are based
on
• social proximity;
• geographical proximity.
Studies of Alessie and Kapteyn (1991), Kapteyn et al. (1997), and Aronsson
et al. (1999) deﬁne the reference group of an individual as the group of persons
39 Formally, an individual’s reference group can be deﬁned as the set of people to which he
attaches a non-zero weight wij in making the decision of interest. The problem of deﬁning
reference groups is then the problem of identifying the reference weights each agent attaches
to each of the other agents in the population.
40 Sociological research however has revealed some general characteristics of human interrelationships, showing a low degree of separation between individuals in society (Milgram,
1967) and a high clustering coeﬃcient (Granovetter, 1973).
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in the population within the same age group and with the same education level.
An attractive alternative is to use subjective information on an individual’s
reference group, as in Woittiez and Kapteyn (1998).41 Bertrand, Luttmer and
Mullainathan (2000) use the language spoken at home as an indicator of social
structure in a study on welfare participation. In studies on peer eﬀects in
education, the class or cohort is often used as the relevant reference group,
where reference weights are sometimes allowed to diﬀer by gender or race (see
e.g. Hoxby, 2000). Reference groups deﬁned on basis of geographical proximity
are used by Solon et al. (2000) who employ clusters of neighboring families
and by Sacerdote (2001) who uses rooms and dorms to deﬁne reference groups.
Spatial approaches as in Case (1991), Case and Katz (1991) and Topa (2001)
also deﬁne reference groups on basis of geographical proximity. In these models,
it is assumed that agents base their decisions on actual outcomes of the agents
in their reference group and not on expected outcomes. As Manski (1993,
p. 537) notes, this only “makes sense in studies of small-group interactions,
where the sample is composed of clusters of friends, co-workers, or household
members.”
In experimental settings, it is easy to identify an agent’s reference group,
since agents are explicitly assigned to other agents with whom they interact
during the experiment. Falk, Fischbacher, Gächter (2002) take advantage of
this by assigning subjects to two diﬀerent reference groups at the same time.
Each group plays a linear public goods game. They ﬁnd that the same subject
contributes more to the reference group in which the average contribution of
the other members is higher.
A suitable way to model social structures is by using techniques developed
in the ﬁeld of (random) graph theory. Economists have used these techniques42
but mostly on a theoretical level. An extensive overview of the topological features of diﬀerent interaction structures and their use in economics can be found
in Ioannides (2003). In empirical work that regresses individual outcomes on
group averages the social structure that is implicitly assumed can be modelled
as a complete graph: each agent attaches an equal weight to every other agent
in his reference group, i.e. wij = 1/(N − 1) in equation (2.2). The situation in
which each agent attaches a positive weight to all other population members is
generally referred to as a situation with global interactions. Clearly, the alternative situation is the one with local interactions, in which each agent interacts
directly with only a ﬁnite number of others in the population,43 i.e. wij = 0
for some i and j = i.44 Chapter 3 deals with the eﬀect that diﬀerent social
structures have on consumer demand and social welfare. Chapter 7 studies the
41 In this study on female labor supply, the information collected on an individual’s reference
group is limited since the reference group members themselves are not included in the sample.
42 See e.g. Kirman (1983), Kirman, Oddou and Weber (1986) and Ioannides (1990) for
applications of random graph theory.
43 Brock and Durlauf (2001a, p. 3312).
44 Examples of local interaction models are Föllmer (1974) and Glaeser et al. (1996).
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eﬀects on changes in peer group on demand and price-setting of a monopolistic
ﬁrm.

2.5

Policy relevance

Research on the impact of social interactions on economic outcomes is of interest to policy makers. Broadly stated, the aim of policy-makers is to develop
and implement policy measures in order to obtain a certain objective. This objective can e.g. be the maximization of social welfare or maximizing the welfare
of the agent in society who is worst oﬀ. Purposeful use of these policies requires
a thorough understanding of the determinants of the decision making process
that takes place at the level of each individual agent in society. Neglecting
social interaction eﬀects in contexts where they have an impact on individual
decision making not only is ineﬃcient, but may even lead to undesired outcomes. The presence of social interactions may also lead to a reconsideration
of the costs and beneﬁts of certain policies. For example, if giving extra tuition
to some pupils not only has an impact on their own performance, but also
indirectly beneﬁts the other pupils in the class, the aggregate beneﬁt of the
policy is underestimated when social interactions are neglected.
It is also of interest to policy makers whether an agent’s outcome is linearly
or non-linearly dependent on the average outcome of his peers, because in the
linear case, peer eﬀects only have distributional consequences but no eﬃciency
consequences. For example, as Hoxby (2000) points out, in the linear case “a
student’s reading score would be aﬀected linearly by the mean reading score of
his classmates. Regardless of how one allocates peers, total societal achievement
remains the same ( . . . ). In order to give one student a better peer, one must
take that peer away from another student; the two eﬀects exactly cancel. If
one accepts the baseline [i.e. linear] model, then one is limited to peer eﬀects
questions that are distributional in nature, such as disparity in educational
opportunities or income inequality.”
Studies have indicated that the social multipliers or multiple equilibria that
are created by social interactions, may cause a society to end up in a Pareto
ineﬃcient equilibrium (Kooreman and Schoonbeek, forthcoming, and Cooper
and John, 1988). Bénabou (1994) and Durlauf (1996) develop dynamic models
which show that local human capital externalities may lead to high degree of
stratiﬁcation and to persistent income inequality. A clear understanding of
these mechanisms is a requisite for the design of policies aimed at switching
to a superior equilibrium. Kooreman and Schoonbeek (2003) show how such
a change can be accomplished by imposing taxes or giving subsidies. Chapter 3 elaborates on the reach of these policy instruments to change equilibrium
allocations.
In consideration of the importance of social interactions for public policy,
it then comes as no surprise that many of the behaviors studied in the ﬁeld
of social economics coincide with those that are a source of concern to policy
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makers, like teenage smoking, out-of-wedlock births, dropping out of school
and participation in crime.
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2.6

Appendix: The linear-in-means model with
N agents

In this appendix, I will derive the equations, equivalent to (2.5) till (2.13), for
the linear-in-means model with N agents. For simplicity, I assume that η2 = 0,
that is, the explanatory variable vik is assumed to have no direct eﬀect on the
outcome of agents other than agent i.
N

xjk
N −1
N
2 xjk
η1 jN=−1
j=1

y1k

=

αk + x1k β1 + v1k β2 + η1

y2k
..
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=
=
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..
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yN k
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N

+
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−1

 N −1
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+γ

+ N k
(A.1)


Summation of these equations gives the following equation for N
j=1 yjk :
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(A.2)
Substituting (A.2) in the ﬁrst equation of (A.1) gives
y1k

=
+
+

N

N −1
N −1+γ

xjk

1
αk + x1k β1 + v1k β2 + η1 jN=−1

N
N
N
γ
j=1 xjk + β2
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j=1 jk
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N −1
N −1+γ 1k .

The reduced form of model (A.1) is
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(A.3)
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where
ak

=

b1

=

b2

=

c1

=

c2

=

uik

=

αk
1−γ
(N − 1)(1 − γ)β1 + γ(β1 + η1 )
(N − 1 + γ)(1 − γ)
(N − 1)(1 − γ)β2 + γβ2
(N − 1 + γ)(1 − γ)
(N − 1)(η1 + γβ1 )
(N − 1 + γ)(1 − γ)
(N − 1)γβ2
(N − 1 + γ)(1 − γ)

[N − 1 − γ(N − 2)]ik + γ N
j=i jk
(N − 1 + γ)(1 − γ)

(A.4)
(A.5)
(A.6)
(A.7)
(A.8)
, i = 1, . . . , N. (A.9)

(N −1)γβ2
c2 /b2 = (N −1)(1−γ)β
, which equals γ if N = 2 and γ/(1 − γ) if N → ∞.
2 +γβ2
Note that for N = 2 (and η2 = 0), the equations (A.3) till (A.9) reduce to (2.6)
till (2.13).
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Chapter 3

Consumer Demand with
Social Interactions – A
Simulation Study
Ulrich erläuterte verstockt: “Was man im Leben braucht, ist bloß
die Überzeugung, daß das Geschäft besser geht als das des Nachbarn. Das heißt: deine Bilder, meine Mathematik, irgendjemandes
Kinder und Frau; alles das, was einem Menschen versichert, daß
er zwar in keiner Weise etwas Ungewöhnliches ist, aber in dieser
Weise, keinerweise etwas ungewöhnliches zu sein, doch nicht so
leicht seinesgleichen hat!”
Musil (p. 216)

3.1

Summary and overview

This chapter analyzes the eﬀects of social interactions on consumer demand.
For diﬀerent social structures, I investigate the changes in budget shares and
social welfare when a household’s preferences depend on the consumption by
other households. I do this by designing a society where households’ demand
for goods is described by a Linear Expenditure System with Social Interactions
(LES-SI).
In the context of the LES-SI, I ﬁnd that a considerable reallocation of resources over goods may occur due to social interactions. The diﬀerent social
structures only lead to small diﬀerences in behavior. The optimal taxes and
subsidies set by a planner whose objective is to maximize social welfare are
calculated explicitly. Interestingly, the budget share and optimal tax rate of
the most conspicuous good do not always increase with the degree of interdependency. The presence of interdependent preferences does not make the tax
This chapter is a version of Soetevent (2004).
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and subsidy instrument more eﬀective in terms of the obtainable increase in
social welfare.

3.2

Introduction

In the last decade, a rising surge could be observed in economic studies on
social interactions, that is, interactions between agents which are not regulated
by a price mechanism. Surveys by Glaeser and Scheinkman (2000) and Brock
and Durlauf (2001b) mark this development.
In a number of empirical studies with microeconomic data, researchers have
estimated economic models that allow for social interactions between agents
or households. Examples include studies concerning labor supply (Aronsson,
Blomquist and Sacklén, 1999; Woittiez and Kapteyn, 1998), saving decisions
(Kapteyn, 2000) and consumer demand (Alessie and Kapteyn, 1991; Kapteyn
et al., 1997). For reasons of identiﬁcation, all these studies make simplifying
assumptions with regard to the reference weights that specify the importance
an agent attaches to the consumption of another agent.1
In another, primarily theoretical, branch of literature it is just the interaction topology that is the object of study. Ioannides (2003) assesses the importance of how agents are connected by comparing the eﬀects of diﬀerent stylized
topologies of social interactions. An important distinction made in this literature is between global and local interaction topologies. In models with global
interactions, agents assign a non-zero reference weight to all other agents in the
population. An example of such a model is the mean ﬁeld model studied by
Brock and Durlauf (2001a). An interaction is called local if agents only interact
directly with a limited number of other agents in the population. Examples
include the nearest neighbor setup where agents only assign positive weights
to the agents who are next to them according to some measure (see e.g. Ioannides, 1997 and chapter 6 in Young, 1998). In still another approach that is not
considered in this chapter, links between agents are assumed to be stochastic
instead of deterministic. The links between agents are in this case modeled
using random graph theory. In this way, probabilistic results are obtained for
general interaction structures. See e.g. Kirman (1983), Kirman, Oddou and
Weber (1986) and Horst and Scheinkman (2003)
In this chapter, I try to establish a connection between this theoretical
work on interaction topologies and the empirical studies on consumer demand.
To this end, the eﬀects of three diﬀerent interaction topologies on consumer
demand are compared in the context of a Linear Expenditure System that is
1 Kapteyn et al. (1997, p. 669) note for example that “the main problem in estimating
the model is, of course, created by the large number of reference weights . . . ” and Ioannides
(2003, p. 1) remarks that “Even in economics, we often make some very speciﬁc assumptions
about interaction patterns in order to obtain analytically tractable models for particular
problems.” Early work by Kapteyn (1977) and Kapteyn, Van Praag and Van Herwaarden
(1978) tried to estimate reference patterns directly but this led to complicated models which
seem to have got out of fashion in more recent empirical work.
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extended to allow for preference interdependencies, the LES-SI. In the ﬁrst
speciﬁcation, each individual attaches equal weight to all other agents in society. This is a global interactions model and I refer to this model as the ‘complete
model’, since the topology can be visualized as a complete graph in which the
agents are the nodes and the equal and positive reference weights the edges.
The second model speciﬁes a local interaction structure by dividing society in
a number of non-overlapping peer groups, based on socio-economic characteristics. I refer to it as the ‘(non-overlapping) cliques model’. In the third model,
agents are arranged on a closed one-dimensional lattice and each agent gives
positive reference weights to 2R of his neighbors and these weights decrease
with the distance to their residence. Just as the second speciﬁcation, it is a
model with a local interaction topology. The diﬀerence is that peer groups are
now overlapping. Since the model can be represented as a 2R-regular graph, I
call it the ‘cyclical model with degree of regularity 2R’, or in short: the cyclical
model.
In empirical work on neighborhood eﬀects, in which individual outcomes
are regressed on the average neighborhood outcome of the same variable, like
e.g. Case and Katz (1991), the underlying topological structure is complete:
Individuals in a certain neighborhood are assumed to give equal weight to the
other individuals in the same neighborhood, without regard to diﬀerences in
personal characteristics.
The clique type of social structure is commonly assumed in empirical studies on interdependencies between households based on individual level data. In
most of these studies, cliques or social groups are deﬁned using certain household characteristics that are provided by the data, like e.g. the age of the
head of the household and his or her educational attainment.2 In the simplest
version, equal weights are assumed between agents in the same social groups
and zero weights between agents in diﬀerent groups. An example is Aronsson
et al. (1999). The demand systems proposed by Alessie and Kapteyn (1991)
and Kapteyn et al. (1997) include a parameter that allows agents to give positive weight to agents outside their own social group. In the analysis of high
school teen behavior in chapter 4, two social groups within school classes will
be deﬁned, based on gender. In that chapter, allowance is made for diﬀerences
between own-gender and cross-gender interactions.
The circular interaction topology is for example used in Ellison (1993)
and in the empirical study on interactions in crime of Glaeser, Sacerdote and
Scheinkman (1996).
The current chapter analyzes the diﬀerent impact these three interaction
topologies have on aggregate consumption behavior. I do this by means of
simulation. I construct a ﬁctitious city called SIcity whose inhabitants consume
seven categories of goods. The way households in SIcity spend their income on
the diﬀerent goods is prescribed by the LES-SI demand system. Households are
2 The exception is Woittiez and Kapteyn (1998) who use direct survey questions and factor
analysis to infer the average values of variables of interest in the peer group of an individual.
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heterogeneous with respect to income and family size. Moreover, I try to keep
close to reality by letting the income and family size distribution mimic the
corresponding distributions in a sample of Dutch households. The parameters
of the LES-SI system are chosen in such a way that the resulting budget shares
and elasticities of the goods are comparable to those found in empirical studies.
The three interaction topologies are compared by looking at both the average
budget shares of the goods and the maximum value of a (utilitarian) social
welfare function that is obtainable for a social planner.3
The three questions addressed in the simulations are: (a) In which way is the
change in social welfare due to social interactions dependent on the underlying
social structure? (b) How does for each of the social structures social welfare
change when one or more of the households experience an income shock, e.g.
by winning a lottery prize? (c) How can government enhance social welfare by
means of taxes and subsidies?
The third question is also considered in Kooreman and Schoonbeek (forthcoming), but a diﬀerence with their approach is that I impose societal budget
neutrality instead of budget neutrality at the level of individual households.
Societal budget neutrality reﬂects the government’s wish to enhance welfare
without a change in net aggregate outlays. Due to the absence of individual
budget neutrality, taxes and subsidies can lead to an increase in welfare for
two reasons: by the internalization of the social cost of consumption, or by a
reallocation eﬀect of means over households. A novelty in this chapter is that
for the ﬁrst time, optimal taxes and subsidies are calculated numerically for
the case with heterogeneous consumers.
The main results of the chapter are that the loss in social welfare due
to social interactions is modest for all social structures, but that considerable
reallocations of resources across goods may occur. Social interactions have least
eﬀect in the cliques model. Imposing taxes on some goods and giving subsidies
to others increases social welfare, but the presence of social interactions does
not lead to an appreciable extra gain over the one obtainable in a society
without preference interdependencies. Interestingly, increases in the degree of
interactions does not always lead to increases in the budget share of the most
conspicuous good. Consequently, more interdependency does not always lead
to higher taxation of the most conspicuous good.
The chapter proceeds as follows. In the next section, the LES-SI system
is introduced and discussed as well as the three interaction topologies used in
the simulations and the social welfare function that is employed. In section
3.4, I will introduce SIcity and its inhabitants. A justiﬁcation is given for the
choice of the household characteristics in SIcity and for the parameters of the
underlying LES-SI system. Section 3.5 discusses the results of the simulations.
Section 3.6 concludes.
3 The welfare properties of the LES-SI are studied extensively in Kooreman and
Schoonbeek (forthcoming).
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3.3.1

The Linear Expenditure System with Social Interactions

Demand analysis studies the question how consumers spend their budget over
the set of the available goods, given total outlays and the prices of the goods.
The relationship between demand, total expenditures and prices can be expressed as
qgn = vgn (yn , p),

g = 1, . . . , G,

n = 1, . . . , N.

(3.1)

In these Marshallian demand functions, qgn denotes the quantity demanded
of good g by consumer n, yn is his or her total outlay and p is the price
vector p = (p1 , . . . , pG ) . Particular speciﬁcations of these demand functions
are estimated since the 1950s, beginning with Stone’s (1954) estimation of a
Linear Expenditure System (LES), using British macroeconomic data. The
LES is a particular member of the class of models described by (3.1).
Besides the analysis of macroeconomic time-series data, demand analysis is
also concerned with the explanation of behavioral diﬀerences between households. In older empirical studies, like Working (1943) and Leser (1963), attention was restricted to the estimation of Engel curves of the form qgn = vg∗ (yn ),
due to the absence of price variability across the households observed. In the
1950s, microeconomic repeated cross-section data became available due to the
start-up of yearly expenditure surveys in several countries.4 This made the empirical estimation of demand systems of the form (3.1) possible. An example is
Blundell and Robin (1999) who studied the Quadratic Almost Ideal Demand
System.
In this simulation study, I will focus on changes in the behavior of households when interactions between the households are taken into account using
the LES as the underlying demand system.
The utility function for consumer n that underlies the LES without preference interdependence is speciﬁed as
Un =

G


γg ln(xgn − bgn ),

(3.2)

g=1

with γg > 0, ∀g,

G
g=1

γg = 1, and xgn > bgn , ∀g, ∀n. Maximization of Un
G
g=1 pg xgn = yn ,

with respect to xgn , ∀g, subject to the budget constraint
yields the demand equations

γg
(yn −
ph bhn ).
pg
G

xgn = bgn +

(3.3)

h=1

4 For example, the British Family Expenditure Survey has been carried out annually since
1957, the Japanese Family Income and Expenditure Survey since 1963, the Dutch Budget
Survey since 1978 and the US Consumer Expenditure Survey since 1980.
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The quantities bgn are often interpreted as ‘subsistence’, ‘necessary’, or ‘committed’ quantities, being the quantities that a household at least has to buy
in order to function. Households whose demand systemis a LES subsequently
G
divide the remaining or ‘supernumerary’ income yn − h=1 ph bhn among the
goods in ﬁxed proportions γ1 , . . . , γG .
The LES is attractive from an expositional point of view since its parameters
have straightforward behavioral interpretations and since explicit solutions can
be derived for many variables of interest. One disadvantage of the LES is that
the marginal budget shares are independent of prices as well as expenditures
and are equal to the γ’s in (3.2). Another problem is that for household n, the
LES utility function Un is deﬁned only in the region of the commodity space
for which the quantity xgn bought of commodity g, ∀g, is larger than bgn . See
equation (3.2). This is called the limited-domain problem.
In order to make the model a bit more ﬂexible, I add a demographic translation which allows for diﬀerences in household composition. The speciﬁc form
of this transformation is the same as the one applied by Kapteyn et al. (1997).
I denote the size of household n — deﬁned as the number of household members — by fn , ∀n, and I assume that the household’s committed expenditures
on good g increase with δg fn , where δ1 , . . . , δG are parameters. Let x̃gn be
deﬁned as
x̃gn ≡ xgn − δg fn ,
which can be interpreted as the household-size adjusted quantity of good g that
is bought by household n. Following Pollak (1976), Kapteyn et al. (1997) and
Kooreman and Schoonbeek (forthcoming), social interactions are introduced by
making the subsistence expenditure dependent on the consumption by others
in the following way:

bgn = bg0 + δg fn + βg

N


wnk x̃gk .

(3.4)

k=1

N
The non-negative reference weight wnk , with wnn = 0 and k=1 wnk = 1, ∀n,
denotes the relative importance that household n attaches to the consumption
by household k. These weights are assumed constant across goods. As a
result of the limited-domain problem, the region in the commodity space for
which the LES utility function is deﬁned, is reduced. The part bg0 + δg fn
can be interpreted as the subsistence expenditure on good g when preference
interdependencies do not play a role. The coeﬃcient βg is good-speciﬁc and
is a measure of the degree of conspicuousness of good g. When βg is positive,
the quantity of good g that household n believes to be necessary is increased
through the interaction with other households. This can be interpreted as a
positive social cost.
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Deﬁne the last part of the right hand side of equation (3.4) as the social
cost function:
sgn (xg,−n ) ≡ βg

N


wnk (xgk − δg fk ),

(3.5)

k=1

where xg,−n ≡ (xg1 , xg2 , . . . , xg,n−1 , xg,n+1 , . . . , xgN ).
With positive social costs (βg > 0), consumption decisions of other households – corrected for the size of these households – have a negative net eﬀect on
the households utility of consumption with the eﬀect that the household has to
buy a larger quantity of the good to obtain the same level of utility that would
have been obtained when no contact existed with other households. This eﬀect
may occur because the actions of others aﬀect your preferences (you are jealous when your neighbor drives a new car, and as a result derive less utility of
driving your own) or because the actions of others aﬀect your constraints (your
neighbor buys a new car and parks it on the parking lot in front of your house).
Negative values of βg can be interpreted as beneﬁts of social interaction. For
example, when your neighbor buys ﬂowers for his garden which you also like,
your neighbor’s action has a positive externality that increases your well-being.
Substitution of (3.4) and (3.5) in (3.3) and using the expression for x̃gn , gives
consumer n’s reaction functions, that is, his optimal demands as a function of
the consumption of others:
xgn

=

bg0 + δg fn + sgn (xg,−n )

+



γg
ph bh0 − δ̃fn −
ph shn (xh,−n ) , ∀g, ∀n,
yn −
pg
G

G

h=1

h=1

(3.6)

G
where δ̃ is deﬁned as δ̃ ≡ g=1 δg pg . I refer to this system as the LES-SI.
Let xn ≡ (x1n , . . . , xgn ) , x ≡ (x1 , . . . , xN ) and y ≡ (y1 , . . . , yN ) . An
allocation x̂ is called a Nash equilibrium if for all n = 1, . . . , N
Un (x̂) = max Un (x̂1 , . . . , x̂n−1 , xn , x̂n+1 , . . . , x̂N )
xn

s.t.

G
g=1

(3.7)

pg xgn = yn .

For the LES-SI case, the Nash solution can be obtained analytically due to the
linearity of the model. Kooreman and Schoonbeek (forthcoming) give this solution and in appendix A, I provide an extension for the case with a demographic
translation. Moreover, I allow for the possibility of diﬀerent households facing
diﬀerent prices.
In order to get a little bit of feel for the LES-SI system, consider the following
situation: In a particular society, all households all equal (i.e. yn = ȳ, fn =
f, and xgn = xg ∀n); they all give the same reference weights to all other
households (i.e. wnk = N1−1 , ∀n, k = n) and all goods are equally conspicuous
(i.e. βg = β, ∀g). Under which conditions does the introduction of social
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interactions not change the allocation of resources of the households? From
(3.6), one observes that social interactions leave allocations unaﬀected whenever
sgn (xg,−n ) −

G
γg 
ph shn (xh,−n ) = 0, ∀g, ∀n.
pg
h=1

In the speciﬁc case of homogenous households, these conditions reduce to
βpg (xg − δg f ) = β[γg

G


ph (xh − δh f )].

h=1

The solution β = 0 corresponds to the situation without social interactions.
With social interactions xg has to satisfy
pg xg = pg δg f + γg (ȳ − f

G


ph δh ), ∀g.

h=1

From the characteristics of the LES it follows that this condition is satisﬁed
if and only if the part of the subsistence expenditures that is independent of
family size, bg0 , is 0 for all goods g. Intuitively, this can be seen as follows:
Whereas the weighted sum in the social cost function (3.5) sums over familysize adjusted quantities, this function does not discount the quantities bg0 that
households deem necessary irrespective of family-size and social interactions.
For this reason, the introduction of social interactions has the eﬀect of making
households aware of the other households’ independent subsistence expenditures bg0 , thereby leading to a higher demand for goods for which bg0 is large.
Notice in particular that no restrictions are imposed on (relative) prices.
The social cost function sgn (xg,−n ) may take on many forms, depending on
how and to which extent households are inﬂuenced by the consumption decisions of other households. In the next subsection I discuss a number of speciﬁcations that diﬀer with respect to the speciﬁc form of the reference weights
wnk . In subsequent simulations, I compare the eﬀect of these diﬀerent speciﬁcations on the allocational decisions made, using the concept of social welfare
that will be introduced in subsection 3.3.3.

3.3.2

Social topologies

One can make diﬀerent assumptions about the reference group of an individual,
that is, the set of people by whom an individual is inﬂuenced. In fact, two parameters have to be determined: a) who interacts with whom (e.g., households
living in the same neighborhood or households with similar incomes)? and b)
how strong are these interactions? On basis of these two questions, I introduce
three diﬀerent social topologies: the complete model, the cyclical model and
the cliques model.5
5 A possible fourth topology could be based on the social reference space model as put
forward by e.g. Kapteyn, Van Praag and Van Herwaarden (1978). In the social reference
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The complete model
Consider a society consisting of N units (individuals or households). In the
complete model, it is assumed that all households give an equal weight to the
allocation decisions of all other households in society such that:
wnk = 1/(N − 1),

n = 1, . . . , N ;

k = n, k = 1, . . . , N.

The cyclical model
In the cyclical model, a household is inﬂuenced by physically neighboring households. The farther households live apart, the less they inﬂuence each other. In
the application, I assume a circular city, where people live at equidistance from
their neighbors. So, the direct neighbors of the household at position 1 are
the household at position 2 and the household at position N . The particular
weighing scheme I employ, is
wnk = wkn =

R − c(n, k, R, N )
R(R + 1)

with






c(n, k, R, N ) = N · I(|n − k| > N/2) − |n − k| − 1 · I(|n − k| ≤ R),
where I(·) denotes an indicator function. In this weighing scheme, R denotes
the range of neighbors aﬀecting the preferences of household n and c(·) denotes
the number of households between households n and k. To give an example,
suppose that N = 10 and that household n = 5’s preferences are aﬀected by
the consumption decisions of the three neighboring households living on the
left and right of it. Then, R = 3 and the
 inﬂuence of the
 nearest two neighbors


R−c(5,4,3,10)
is R−c(5,6,3,10)
=
=
3
−
−
|5
−
4|
−
1
/(3 · 4) = 3/12, of the


R(R+1)
R(R+1)
one but nearest neighbors 2/12 and of the other two neighbors 1/12. Note that
N
k=1 wnk = 1 and that for all n and k the wnk ’s approach 1/N when R → N/2
and N → ∞. Given R = N/2, the cyclical and complete model are identical if
N → ∞.
There are a lot of diﬀerent weighing schemes one can think of to express
neighborhood eﬀects. For our purposes, the straightforward linear weighing
scheme above suﬃces.

space model, people’s reference group is determined on basis of a few clearly described characteristics, like age of the head of household, family size and education level. The weight
people in forming their preferences give to other people, depends on the proximity of these
people as measured by these socioeconomic variables. In Gärtner (1974), the weights wnk
are dependent on the diﬀerences in consumption between households n and k.
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The cliques model

In this model, society is segregated in T non-overlapping subsets of households,
A1 , A2 , . . . , AT , with T < N , and Nt = |At | denotes the number of households
in group At .6 Household’s preferences are inﬂuenced equally by all other households within the same subset, but are not at all aﬀected by households in other
subsets. In other words, within each subset a weighing scheme as in the complete model applies. In our imaginary city, one can think of leisure activities
like sporting or playing an instrument in an orchestra having this eﬀect.
The weight matrix is block-diagonal and symmetric with individual weights
deﬁned as

1/(Nt − 1) if (k ∈ At ) ∧ (n ∈ At \k) for some t ∈ {1, 2, . . . , T };
wnk =
0
otherwise.
In the simulations with the cliques 
model, four subsets are deﬁned, based on
N
income and household size. Again, k=1 wnk = 1, ∀n.

3.3.3

Social welfare

A yardstick is needed that enables us to make a sensible comparison between
the diﬀerent social topologies. This yardstick is provided by the concept of the
utilitarian social welfare function. This function gives a value to each allocation
x by weighing the utility an individual household n derives from this allocation
by a factor an , ∀n, and add them up:
N


an Un (x1 , . . . , xN ).

(3.8)

n=1

Note that social welfare as deﬁned here is a cardinal concept and for this
reason sensitive to monotonically increasing transformations. A social planner
may derive a Pareto eﬃcient allocation by maximizing (3.8) with respect to
xgn , ∀g, ∀n, subject to the individual budget constraints
G


pg xgn = yn ,

∀n,

(3.9)

g=1

for any choice of weights an satisfying an > 0, ∀n. Note that in maximizing the
social welfare function, I implicitly assume that utility is cardinal. Following
Kooreman and Schoonbeek (forthcoming), I will further take an = 1, ∀n, saying
that every household is considered equally important. This seems a reasonable
objective, though one may imagine other yardsticks for social welfare, for example one based on the household in society that is worst oﬀ in terms of welfare.
6 Note that when the number of subsets is inﬂated to N , with each subset consisting of one
household only, the cliques model reduces to the ordinary LES without social interactions.
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Assuming that there is a unique solution to the social welfare problem, I deareto
areto
note this general solution by xP areto (p, y) = (xP
(p, y) , . . . , xP
(p, y) ) .
1
N
∗
W (p, y) denotes the optimal value of the social welfare function, i.e.
W ∗ (p, y) =

N


Un (xP areto (p, y)).

n=1

Inspection of the ﬁrst order conditions of the problem reveals that no closed
form solution of xP areto (p, y) can be obtained for the case with general reference
weight wnk .
In principle, two comparisons can be made with this yardstick. On the one
hand, one can compare social welfare obtained in a society of non-cooperative
agents where social interactions are absent with the level of social welfare obtained in a society where they do play a role. This comparison measures the
welfare loss from interdependent preferences and is the subject of subsection
3.5.1.
On the other hand, one can look at a society with a certain amount of
interdependence and compare the social welfare corresponding to the Nash allocation reached by non-cooperative agents with the level that corresponds to
the Pareto eﬃcient solution. This point of view is taken by Kooreman and
Schoonbeek. If this diﬀerence is positive, there is a case for an intervening government levying taxes and giving subsidies on goods in order to internalize the
externalities from interdependent preferences and leading the non-cooperative
households to the Pareto eﬃcient allocation. This is the kind of comparison I
make in subsection 3.5.3.

3.4

Design of SIcity

In this section, the design of the ﬁctitious city called SIcity is explained. Successively, the population characteristics, the choice of the number of goods and
the choice of parameter values of the LES-SI system is discussed. The choice
of the parameter values is based on estimates found in the empirical studies by
Alessie and Kapteyn (1991) and Kapteyn et al. (1997).

3.4.1

Population

Incomes in SIcity are assumed to be lognormally distributed with µ = 10 and
σ 2 = 0.2. The mean income is then exp(µ + σ 2 /2) = 24,343 and the standard
deviation 11,454. For comparison: the expenditures of the 10,076 household
entries in the budget surveys that were conducted by Statistics Netherlands
between 1992-96 averaged 21,315 and had a standard deviation of 10,164.
The size of the households in SIcity follows a bimodal distribution with the
probabilities as given in table 3.1. The values are in accordance with numbers from the budget surveys over the period 1992-96. I make the simplifying
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assumption of no correlation between household income and family size. A
sample of 200 households is drawn from the population.7 The income and size
of each household is determined by a random draw from the income and household size distributions as speciﬁed above. In the cliques model, four subsets of
households are speciﬁed, depending on whether the household has more than
two members and whether the households earns more than 23,000. All simulations reported in this chapter work with the same sample of 200 households.
Table 3.1: Household size distribution
Size household
Probability

3.4.2

1
.17

2
.31

3
.15

4
.23

5
.10

6
.02

7
.01

8
.01

Goods

The goods that are consumed by the households of SIcity are categorized into
seven diﬀerent classes, which are labeled, ‘food’, ‘housing’, ‘clothing’, ‘medical
care’, ‘education and entertainment’, ‘transportation’ and the remainder category ‘other expenditures’. The reason for choosing these particular classes
is that these are also the categories speciﬁed in the aforementioned papers of
Alessie and Kapteyn (1991) and Kapteyn et al. (1997) This has the advantage
that the input parameters in the current simulation study can be based on their
empirical estimates. I assume that the prices of all goods equal one. Since the
analysis is static, this does not involve a loss of generality because all goods
can be redeﬁned in units with price one.

3.4.3

Parameter choices for the LES-SI system

For the realism of the simulation results, it is important to choose reasonable
input parameters. My particular choice of δg and γg (g = 1, . . . , G) coincide
with the estimates reported in Kapteyn et al. of the model without interdependence. One may object that Kapteyn et al. reject this model in favor of the
model with interdependence. For our results however, that does not seem to
make much of a diﬀerence. The estimates of the γ’s are similar for both cases
and the δ’s only lead to a translation of the constant terms bg0 , whose values
cannot be identiﬁed by Kapteyn et al.8 The parameter values chosen are listed
in table 3.2.
7 This modest size is chosen for mere computational reasons. Simulated cities with a more
realistic number of inhabitants can be obtained by inﬂating the population in a straightforward manner. The results are similar to the ones reported.
8 The problem with using the estimates that Kapteyn et al. report for the model with
interdependence, is that it is – by the diﬀerent social topologies that are employed – unclear
which of the models considered in this chapter is comparable with the model with interde-
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Table 3.2: Parameter values.

food
housing
clothing
medical care
education + entertainment
transportation
other expenditures

b0
2900
1500
450
1150
250
250
225

δg
0.729
-0.317
0.177
0.148
-0.194
-0.583
0.040

γg
0.126
0.327
0.080
0.099
0.171
0.177
0.020

βg
-0.060
0.030
0.180
0.120
0.020
0.080
0.000

The subsistence expenditures b0g , ∀g, are chosen in such a way that for
each good, the average budget share in the model without social interactions
is comparable with the average budget share for the same category of goods
reported by Alessie and Kapteyn. See table 3.3. (Alessie and Kapteyn do not
list transportation expenditures as a separate category.) Moreover, when social
interactions are absent, the own-price (ii ) and income (g ) elasticities, evaluated at the population mean of income and household size, are realistic: food
and medical care are for example necessary goods.9 This is in accordance with
the ﬁnding by Alessie and Kapteyn. They ﬁnd that housing is also a necessary
good. In my case, housing has an income elasticity somewhat larger than one.
With regard to the parameters of conspicuousness βg , I note that clothing and
medical care are chosen to be most, and food to be least conspicuous. In general, the order of the conspicuousness of goods as imposed by picking values βg
is comparable with the order found by Alessie and Kapteyn. The conspicuousness of medical care, which Alessie and Kapteyn consider partly an artefact, is
relatively less in the current model and the same holds for the conspicuousness
of education and entertainment.

3.5
3.5.1

Simulations
The eﬀect of social structure on social welfare

In this section I will assess the eﬀect an increase in the degree of social interactions has on social welfare for the complete model, the cliques model and
the cyclical model (the latter with R = 10). This increase is generated by
pendencies that is estimated in Kapteyn et al. For this reason, I chose to make the model
without social interactions comparable to theirs.
9 Formulas for the calculation of these elasticities can be found in the appendix. The

income and price elasticities are in accordance with the conditions
g z̄g g = 1 and

z̄

+
z̄
=
1,
∀i,
respectively,
with
z̄
=
p
(x
/y
),
∀g.
(See
for
example
Deaton and
g
g
g
g
gn
n
gi
g
Muellbauer (1980) for a statement of these conditions.)
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education + entertainment

medical care

clothing

housing

food

0.034

0.034

0.106

0.067

0.221

min
0.156

0.034

0.163

0.158

0.173

0.079

0.317

max
0.438

0.025

0.128

0.124

0.124

0.075

0.290

mean
0.234

–

shares
AK (1991):
mean
0.231
(0.070)
0.325
(0.100)
0.083
(0.045)
0.140
(0.046)
0.128
(0.071)
–

0.839

1.290

1.286

0.829

1.048

1.099

g
0.592

-0.609

-0.937

-0.934

-0.634

-0.771

-0.857

ii
-0.497

elasticities

Table 3.3: Budget shares and income and own-price elasticities, evaluated at the mean point

transportation

0.021

budget

other expenditures

Parameter values as given in table 3.2.
Fifth column: budget shares as reported by Alessie and Kapteyn (1991); Standard errors in parentheses.
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multiplying the parameters βg in equation (3.5) with a factor ν, ∀g. The value
ν = 0 corresponds to the case without social interactions. I restrict νβg to
the interval (−1, +1), ∀g. This assumption is needed in the derivation of the
Nash-equilibrium (see equation (A.5) in the appendix). In practice, I take more
restricted values of ν, since — because of the limited domain problem — quantities xgn become negative for some combinations of g and n when ν is too
large (values larger than ≈ 1.7 for the complete and cyclical model and larger
than ≈ 2.3 for the cliques model).
The value of the social welfare function is plotted against the magnitude ν
of the social interactions in ﬁgure 3.1. This ﬁgure shows that the loss of welfare
is, for all considered levels of interdependence, somewhat less for the cliques
model (0.96% when ν = 1.7) than for for the complete and the cyclical model
(about 1.1%). The reason for this is that in the cliques model, the peer groups
are non-overlapping, such that each household’s utility is only inﬂuenced by a
subset of the other households in society. Indeed, if there are as many peer
groups as households, there is no welfare loss irrespective the value of ν, since in
that case, the model is eﬀectively equal to the model without interdependency.
Further note that the loss in welfare for diﬀerent levels of social interactions is
about equal for the cyclical model and the complete model. This comes as no
surprise since the models are similar for large values of R and N .10
An interesting question in this respect is to what extent this result is due
to the speciﬁc choice of R = 10. In ﬁgure 3.2, the value of the social welfare
function in the cyclical model is plotted against R, with the magnitude of
social interactions held constant at ν = 1. For increasing values of R, the level
of social welfare drops and approaches the level obtained under the complete
model. The most interesting observation when looking at the ﬁgure is that the
level of welfare is relatively most sensitive to adding the ﬁrst four neighboring
households (on both sides of the household) to the peer group but that further
extension of the peer group of the household leads to a small recovery in social
welfare. Presumably, the ﬁrst links are most important to make the cyclical
model similar to the complete model.
In ﬁgure 3.3, the development of the average budget shares under increasing
social interactions is plotted for the complete model (plots for the cliques and
cyclical model show similar patterns and are not reported here). As social
interactions increase, strictly increasing budget shares are observed for clothing
(38.5% on average for ν increasing from zero to 1.7) and medical care (20.1%)
and decreasing budget shares for food (-14.7%), education and entertainment
(-8.9%) and housing (-4.5%). A summary is given in table 3.4.
Whereas ﬁgure 3.1 shows only a small decrease in social welfare due to social interactions, table 3.4 points to the fact that social interactions lead to a
10 Ioannides (2002) shows that for the case with identical consumers and R = 1 for the
cyclical model, aggregate consumption is the same for the complete and cyclical model when
the number of households is large. It is easy to show that this result also holds for the case
with heterogenous consumers and R > 1, with weights for the cyclical model as speciﬁed in
subsection 3.3.2.
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Figure 3.1: Loss in social welfare for the diﬀerent social topologies; R = 10 for
the cyclical model.
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Figure 3.2: The eﬀect of knowing your neighbors when preferences are interdependent: the cyclical model with ν = 1.
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Figure 3.3: Change in average budget shares: complete model.
considerable reallocation of resources. As expected, there is a clear correspondence between the relative change in budget share and the conspicuousness of
a good, as represented by the parameter βg . When looking at the change in
budget shares, a diﬀerence is observed between the complete and cyclical model
on the one hand and the cliques model on the other. For the former two, the
increase in the consumption of conspicuous goods like clothing, medical care
and transportation is the largest.
From ﬁgure 3.3 one might conclude that there is a linear relationship between the budget shares of the goods and the value of ν. This however, is
not the case. Intuitively, this can be seen by looking at the Nash equilibrium
solution of (3.7) for the complete model with identical consumers and no demographic translation (that is, yn = ȳ, ∀n and δg = 0, ∀g, respectively) and
assuming unit prices for all goods:11


G
bh0
ȳ
−
γ
g
h=1 1−νβh
bg0
ash
.
(3.10)
xN
=
+
G
g
1 − νβg
(1 − νβg ) h=1 γh /(1 − νβh )
Firstly, one observes that the denominator in the second term on the right
hand side is smallest for the most conspicuous good, that is, the good with
11 This

equation is a special case of equation (A.4) in the appendix.
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Table 3.4: Change in budget share caused by
social interactions (ν=1.7, N = 200).
% change in budget share
complete cliques cyclical
food
-15.3
-13.7
-15.2
housing
-4.8
-4.0
-4.7
clothing
40.5
35.1
40.0
medical care
20.8
19.0
20.7
education + entertainment
-9.3
-8.0
-9.2
transportation
5.3
4.1
5.3
other expenditures
-7.9
-6.7
-7.8
Note: R=10 for the cyclical model.

the largest value of βg . Moreover, the diﬀerence with the denominator of
the other goods increases with ν, such
for ν large
 enough, the largest
 that
G
bh0
share of the supernumerary income ȳ − h=1 1−νβh is spent on the most
G
conspicuous good. Secondly, notice that h=1 bh0 /(1 − νβh ) increases with ν.
In other words, supernumerary income— itself becomes smaller with the degree
of interdependency as households deem more and more expenditures necessary
to function. As a consequence, a “most conspicuous good takes all” pattern is
observed for increasing values of ν only when supernumerary income is large
enough. In this case, the second term in (3.10) dominates over the ﬁrst term.
However, when supernumerary is small due to large values of bg0 , the ﬁrst term
dominates and the good with the largest value of bg0 will still have the highest
budget share for high values of ν.

3.5.2

The social interaction eﬀect of income shocks experienced by some of the households

What are the implications for the other households when one of the households
in society receives an income shock of 100,000? To answer this question, I
run 200 simulations in each of which, one of the households receives an income
shock of 100,000 (starting with household 1 and ending with household 200).
I refer to a household that experiences an income shock as a “winner” and
to the household that do not experience an income shock as “non-winners”.
Average changes in both budget shares and social welfare are reported for
winners and non-winners and for all topologies in table 3.5, with the magnitude
of interaction ﬁxed at ν = 1.
First look at the complete model. For non-winners, the budget shares of
conspicuous goods are larger when social interactions are present (for example,
the budget share of clothing increases from 7.5 to 8.9 per cent). For winners, a
less pronounced increase in the budget share of conspicuous goods occurs (e.g.
7.9 to 8.2 per cent for clothing). The smaller budget share of food, clothing
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Table 3.5: Average budget share and social welfare when one household receives
an income shock of 100,000 (N = 200); w = winners nw = non-winners.
ν=0
ν=1
complete
cliques
cyclical
w
nw
w
nw
w
nw
w
nw
food
14.3
23.4
13.9
19.5
14.0
19.5
13.9
19.5
housing
32.1
29.0
32.0
29.2
32.0
29.2
32.0
29.2
clothing
7.9
7.5
8.2
8.9
8.2
8.9
8.2
8.9
med. care
10.3
12.4
10.5
13.1
10.5
13.1
10.5
13.1
ed. + ent.
16.4
12.4
16.3
12.8
16.3
12.8
16.3
12.8
transp.
16.9
12.8
17.0
14.1
17.0
14.1
17.0
14.1
other exp.
2.1
2.5
2.1
2.3
2.1
2.3
2.1
2.3
social welfare
inc. shock
no inc. sh.

10.025

8.399

10.017

8.347

10.018

8.356

10.017

8.347

—

8.399

—

8.348

—

8.357

—

8.349

and medical care for winners as compared to non-winners ﬁnds its origin in the
relatively low income elasticity of clothing. The loss in welfare to non-winners
when a household in their society receives an income shock is negligible and
similar for all three models, as are the changes in budget shares. In the cliques
model with its non-overlapping peer groups, a somewhat higher level of social
welfare is sustainable.

3.5.3

Imposing taxes and giving subsidies

In subsection 3.3.3, it was shown that W ∗ (p, y) is the maximum level of social
welfare that can be obtained by maximizing (3.8) subject to (3.9), given prices
p and incomes y. In this section, I follow (and borrow from) Kooreman and
Schoonbeek in asking the question whether the loss in welfare resulting from
non-cooperative Nash behavior in the presence of interdependent preferences
can be completely eliminated by means of taxes and subsidies.
I denote the price vector consumers face when taxes and subsidies are imposed by q = (q1 , . . . , qG ) . So, good g is taxed when qg > pg and subsidized
when qg < pg . The general problem of optimal taxation is formulated by
Kooreman and Schoonbeek (2000) as:

max V (q, p, y) = max
q

q

N

n=1

an Un (x̂1 (q, y), . . . , x̂N (q, y))

(3.11)
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s.t.
G


(qg − pg )x̂gn (q, y) = 0,

∀n.

(3.12)

g=1

In this equation x̂n (q, y) denotes the Nash equilibrium consumption bundle of
household n, given the price vector q and total outlay y. Let V ∗ (p, y) denote
the optimal value of the objective function (3.11).
Under some mild assumptions on the functional form of the utility functions
and under the assumption that all consumers receive the same consumption
bundle xP areto (p, y) in the Pareto optimal allocation and that an = 1, ∀n, the
∗ 
authors prove that there exists a unique solution q ∗ = (q1∗ , . . . , qG
) > 0 such
that x̂(q ∗ , y) = xP areto (p, y). As a result V ∗ (p, y) = V (q ∗ , p, y) = W ∗ (p, y).
The approach here diﬀers in two respects. First, we consider a population of
heterogeneous consumers and second, we do not require taxes and subsidies to
satisfy individual budget neutrality, but (the less restrictive) collective budget
neutrality. This amounts to replacing (3.12) with
N 
G


(qg − pg )x̂gn (q, y) = 0.

(3.13)

n=1 g=1

Collective budget neutrality is a realistic constraint when a government, upon
imposing new taxes and subsidies, is more concerned with repercussions on
its own spendings than on the reallocation of income that is caused by these
measures. Note however, that due to consumer heterogeneity, one cannot apply
the result in Kooreman and Schoonbeek (forthcoming) to assert that the loss
of social welfare can be completely eliminated.12
With heterogeneous consumers and (3.13), the diﬀerence between the maximum value V ∗ (p, y) of (3.11) and (3.13) and W ∗ (p, y) of (3.8) is the sum of
a reallocation eﬀect of income across households and a remainder term. This
diﬀerence reﬂects the extent to which the loss of social welfare caused by noncooperative behavior can be eliminated by imposition of taxes and subsidies
respectively. In other words, it reﬂects the usefulness of the tax and subsidy
instrument for a government. However, the eﬀect of reallocation may also be
obtained when preferences are independent (ν = 0). For this reason, I will compare the diﬀerence between V ∗ (p, y) and W ∗ (p, y) with the increase in social
welfare that can be obtained in a society without social interactions to assess
the extra increase that can be obtained by the presence of social interactions.
For computational reasons, I subdivide the selection of 200 households into
ten small societies of 20 households each.13 A corresponding reduction for the
12 In the corresponding working paper Kooreman and Schoonbeek (2000), it is shown that
it is possible to completely eliminate the loss of welfare if one is able to impose consumer
speciﬁc taxes and subsidies.
13 Otherwise the matrix of reference weights becomes large, which makes the optimization
procedure for ﬁnding the optimal prices q very slow, since equation (A.4) has to be evaluated
many times.
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8.44
reallocation effect
8.42

social welfare

8.4
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8.36
cliques, with taxes
8.34

cliques, no taxes
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0

complete, no taxes

0.2

0.4

0.6
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1
ν
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1.6
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Figure 3.4: Elimination of welfare loss by imposing taxes and subsidies for the
complete model and the cliques model. (Average over ten cities with N = 20.)

value of R is made in the cyclical model to R = 3. In ﬁgure 3.4, the average
change in social welfare for diﬀerent values of ν is shown for the complete and
cliques model.14 The lines without taxes depict the Pareto optimal solution
under unit prices and the lines ‘with taxes’ show the solution to (3.11) and
(3.13). The corresponding optimal prices q ∗ are shown in table 3.6. Figure 3.5
shows that the gain in social welfare is somewhat (though not signiﬁcantly)
larger for the cliques model than for the complete model (about 0.14% against
0.12% on average).
However, ﬁgure 3.4 also shows that a gain in welfare can also be obtained
when social interactions are absent. In other words, the elimination of the
loss in welfare is due to an income reallocation eﬀect, and is not caused by
the presence of interdependent preferences. For the complete model, the gain
in social welfare even seems to decrease as the degree of interaction becomes
larger (see ﬁgure 3.5). With regard to the optimal prices q ∗ , notice that as
social interactions increase, the most conspicuous goods are taxed most heavily
and the less conspicuousness goods receive a subsidy, conform expectations, see
table 3.6. For medical care, ones sees that the optimal prices ﬁrst increase with
ν and then decrease. This is due to the fact that for the parameter values given
in table 3.2, the “most conspicuous good takes all” pattern holds for large values
of ν: initially, the consumption of the conspicuous good (β4 = 0.12) has to be
discouraged by increasing its price, but for ν large enough, the consumption
14 The pattern for the cyclical model is similar to that of the complete model and for this
reason not shown.
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Table 3.6: Changes in social welfare maximizing prices when the level of social
interaction increases.
ν

0.000

0.100

0.500

1.000

1.500

1.700

food
housing
clothing
medical care
education + entertainment
transportation
other expenditures

1.177
1.020
1.088
1.258
0.775
0.770
1.257

1.166
1.020
1.105
1.260
0.775
0.776
1.248

complete
1.117
1.018
1.176
1.262
0.776
0.799
1.212

model
1.051
1.013
1.262
1.255
0.782
0.834
1.161

0.980
1.006
1.341
1.232
0.796
0.879
1.104

0.950
1.002
1.367
1.218
0.806
0.900
1.080

social welfare

8.426

8.421

8.401

8.372

8.338

8.323

food
housing
clothing
medical care
education + entertainment
transportation
other expenditures

1.177
1.020
1.088
1.258
0.775
0.770
1.257

1.169
1.019
1.105
1.262
0.774
0.774
1.250

cliques
1.136
1.013
1.173
1.275
0.768
0.790
1.224

model
1.089
1.004
1.264
1.285
0.762
0.812
1.186

1.037
0.993
1.355
1.286
0.759
0.838
1.143

1.015
0.988
1.391
1.283
0.759
0.850
1.125

social welfare

8.426

8.422

8.406

8.384

8.358

8.346

food
housing
clothing
medical care
education + entertainment
transportation
other expenditures

1.177
1.020
1.088
1.258
0.775
0.770
1.257

cyclical model (R = 3)
1.166
1.117
1.050
0.978
1.020
1.018
1.013
1.006
1.105
1.176
1.261
1.339
1.260
1.262
1.254
1.230
0.775
0.777
0.783
0.798
0.776
0.799
0.835
0.880
1.248
1.211
1.160
1.103

0.948
1.002
1.365
1.216
0.808
0.903
1.078

social welfare

8.426

8.421

8.323

8.401

8.372

Note: the average is taken over ten societies of 20 households each.

8.338

gain in soc. welfare in %
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0.15
0.14
0.13
0.12
0.11

gain in social welfare in %

59

complete model
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0.12
0.11
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0.5

ν

1

1.5

2

Figure 3.5: Percentage gain in social welfare obtainable by imposition of taxes
and giving subsidies for diﬀerent degrees of interaction ν. (Average over ten
cities with N = 20.)
of medical care decreases since households want to free money to buy more
clothing, the most conspicuous good (β3 = 0.18). For the same reason, the
taxes on clothing keep rising with ν.

3.6

Summary and Conclusions

The eﬀects of preference interdependencies on the allocation of resources and
social welfare were analyzed in the context of the Linear Expenditure System
with Social Interactions (LES-SI). The main ﬁndings are that, due to social
interactions, a considerable reallocation of resources over goods may occur. In
the example (with ν = 1.7), the budget share of a conspicuous good like clothing
increases on average with 38%. For high levels of interactions, all resources are
spent on the most conspicuous good when the initial budget share of the other
goods is low enough.
Comparing three diﬀerent social structures, I ﬁnd that the complete and
cyclical model lead to similar changes in social welfare and budget shares. Social
interactions have the smallest eﬀects in the cliques model, where the reference

60

Consumer Demand with Social Interactions

groups are non-overlapping. With regard to the cyclical model, I ﬁnd that
adding the ﬁrst neighboring households to a household’s reference group leads
to a relatively large change in social welfare but further increases do not have
much eﬀect. The eﬀect on social welfare when one of the households receives
an income shock of 100,000 is small and similar for all three models.
The last part of the study deals with the question how government can
enhance social welfare by imposing taxes on some goods and giving subsidies
to others. Contrary to Kooreman and Schoonbeek (forthcoming), I consider a
society with heterogenous consumers and collective budget neutrality. A gain
in social welfare can be obtained by setting optimal prices. However, since a
similar gain is obtainable when social interactions are absent, I conclude that
the tax and subsidy instrument does not become more eﬀective when social
interactions play a role in the allocation of resources. Finally, I argue that – in
the context of the LES-SI – the budget share of the most conspicuous good not
always increases with the degree of interactions increases. As a consequence,
the optimal tax for the most conspicuous does not always increase with the
degree of social interactions.
A possible future extension of this study is to include more reﬁned taxschedules, for example by making a distinction between single member and
multiple member households. The equations in the appendix allow for such
household speciﬁc taxes. Other issues are the implementation of a sensitivity
analysis for the choice of parameter values; investigation of the eﬀect of other
kinds of income shocks and the consideration of other measures of social welfare.

3.7 Appendix: The LES with Social Interactions – Derivations
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Appendix: The LES with Social Interactions – Derivations

For convenience, I repeat here (3.6) which gives the system of equations that
must be satisﬁed by the Nash equilibrium:
xgn

=

bg0 + δg fn + sgn (xg,−n )

+



γg
phn bh0 − δ̃n fn −
phn shn (xh,−n ) , ∀g, ∀n, (A.1)
yn −
pgn
G

G

h=1

h=1


where δ̃n is deﬁned as δ̃n ≡ G
g=1 δg pgn . Note that I added an index ‘n’ to
the prices to allow for household speciﬁc prices.
In order to derive a more concise expression for the quantities in the Nash
equilibrium, I introduce some additional notation:
xg ≡ (xg1 , . . . , xgN ) , ∀g;
b0 ≡ (b10 , . . . , bG0 ) ;
y ≡ (y1 , . . . , yN ) ;
D ≡ diag(δ1 , . . . , δG );
B ≡ diag(β1 , . . . , βG );
M ≡ diag(δ  p1 , δ  p2 , . . . , δ  pN ),


w11
 ..
W ≡ .
wN 1

X ≡ (x1 , . . . , xG )
f ≡ (f1 , . . . , fN )
δ ≡ (δ1 , . . . , δG )
Pg ≡ diag(pg1 , . . . , pgN ), ∀g
Γ ≡ diag(γ1 , . . . , γG )
with pj = (p1j , p2j , . . . , pGj ) .


w1N
..  ;
. 
. . . wN N



...

p11
 ..
∗
P ≡ .
p1N


+

P∆ ≡



P1

P2

. . . PG



;


−

P∆ ≡ 



pG1
.. 
. 
. . . pGN
...

P1−1
P2−1
..
.







PG−1

Further, let ιN denote an N × 1 vector of ones, and IG , IN , and IGN denote
identity matrices of dimensions G × G, N × N and GN × GN , respectively.
vecX denotes the GN × 1 vector obtained by stacking the columns of matrix
X one underneath the other.
Using this notation, one can rewrite (A.1) as

[IN − βg W + γg βg W ]xg + γg Pg−1

G

h=1
h=g

βh Ph W xh = δg (IN − βg W )f + bg0 ιN
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+γg Pg−1 y − γg Pg−1 P ∗ b0 + γg Pg−1

G


βh δh Ph W f − M f , ∀g.

(A.2)

h=1

or, using the Kronecker product, as
−

+

[IGN − B ⊗ W + (Γ ⊗ IN )P ∆ {(B ⊗ IN )P ∆ } (IG ⊗ W )]vecX = δ ⊗ f
−

−

−(DB ⊗ W )(ιG ⊗ f ) + b0 ⊗ ιN + (Γ ⊗ IN )P ∆ y − (Γ ⊗ IN )P ∆ P ∗ b0


+{(Γ ⊗ IN )P ∆− } {(BD ⊗ IN )P ∆+ } (ιG ⊗ W f ) − M f .

(A.3)

Kapteyn et al. (1997, Lemma 2) prove that in case all prices are equal to
unity, the GN × GN matrix between brackets on the left hand side of (A.3) is
non-singular. One can verify that their proof easily extends to the more general
case. Consequently, the explicit expression of the Nash equilibrium is given by

vecX

−

+

=

[IGN − B ⊗ W + (Γ ⊗ IN )P ∆ {(B ⊗ IN )P ∆ } (IG ⊗ W )]−1

δ ⊗ f − (DB ⊗ W )(ιG ⊗ f )

+

b0 ⊗ ιN + (Γ ⊗ IN )P ∆ y − (Γ ⊗ IN )P ∆ P ∗ b0

{(Γ ⊗ IN )P ∆− } {(BD ⊗ IN )P ∆+ } (ιG ⊗ W f ) − M f

+

−

−

.

(A.4)

The vector x̂ = x̂(p, y) which is used to denote the Nash equilibrium follows
directly from (A.4).15

Elasticities
For a household of size f and with total outlay y, with the demographic translation added, but without considering social interactions, the own-price (gg ),
cross-price (gj with j = g) and expenditure (gy ) elasticities look like
gg =
15 The

(1 − γg )(bg0 + δg f )pg

− 1,
G
pg (bg0 + δg f ) + γg y − ( h=1 ph bh0 + δ̃f )

g = 1, . . . , G.

expression equivalent to (A.4) for the case when all households face the same prices

is
vecX

=
−

[IGN − B ⊗ W + P −1 γβ  P ⊗ W ]−1

δ ⊗ f − Bδ ⊗ W f + b0 ⊗ ιN + P −1 γ ⊗ y


(b0 p)P −1 γ ⊗ ιN + (β  P δ)P −1 γ ⊗ W f − (δ p)P −1 ⊗ f ,

with β ≡ (β1 , . . . , βG ) ; γ ≡ (γ1 , . . . , γG ) , and P ≡ diag(p1 , . . . , pG ).
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gj =

gy =

−γg (bj0 + δj f )pj

,
G
pg (bg0 + δg f ) + γg y − ( h=1 ph bh0 + δ̃f )
γ y
 g 
,
G
pg (bg0 + δg f ) + γg y − ( h=1 ph bh0 + δ̃f )
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food
0.497
-0.135
-0.128
-0.102
-0.158
-0.158
-0.103

housing
-0.037
-0.857
-0.066
-0.052
-0.081
-0.082
-0.053

clothing
-0.011
-0.021
-0.771
-0.016
-0.024
-0.025
-0.016

med. care
-0.029
-0.053
-0.051
-0.634
-0.062
-0.063
-0.041

ed. + ent.
-0.006
-0.012
-0.011
-0.009
-0.934
-0.014
-0.009

transport
-0.006
-0.012
-0.011
-0.009
-0.013
-0.937
-0.009

Table 3.7: Uncompensated price elasticities evaluated at the mean point

food
housing
clothing
medical care
education + entertainment
transportation
other expenditures

other exp.
-0.006
-0.010
-0.010
-0.008
-0.012
-0.012
-0.609

Chapter 4

A Discrete Choice Model
with Social Interactions —
An Analysis of High School
Teen Behavior
4.1

Summary and overview

In this chapter, an empirical discrete choice model is developed that explicitly allows for endogenous social interactions. I analyze the issues of multiple
equilibria, statistical coherency, and estimation of the model by means of simulation methods. In an empirical application, a data set is analyzed containing
information on the individual behavior of some 8000 high school teenagers from
almost 500 diﬀerent school classes. The model is estimated for ﬁve types of
teen discrete choice behavior: Smoking, truancy, moped ownership, cell phone
ownership, and asking parents’ permission for purchases. Strong social interaction eﬀects are found for behavior closely related to school (truancy), somewhat
weaker social interaction eﬀects for behavior partly related to school (smoking,
moped and cell phone ownership) and no social interaction eﬀects for behavior
far away from school (asking parents’ permission for purchases). Intra-gender
interactions are generally much stronger than cross-gender interactions.

This chapter is based on a paper that is co-written with Peter Kooreman. The related
working paper is Kooreman and Soetevent (2003).
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4.2

A Discrete Choice Model with Social Interactions

Introduction

Early contributions by Veblen (1899), Duesenberry (1949), Leibenstein (1950),
Pollak (1976), and others show that economists have recognized the potential
importance of social interactions for a long time. Yet, is it only recently that
researchers have begun attempts to measure social interactions empirically.
The slow rate of accumulation of empirical analyses on social interactions
is related to several diﬃculties. One important problem is identiﬁcation. If
one observes a correlation between peers, it is generally diﬃcult to distinguish
between genuine endogenous social eﬀects (e.g. two pupils have high grades
because they are mutually motivated by the high grades of the other pupil)
and other social eﬀects (e.g. two pupils in a class have high grades because
they have the same teacher); cf. Manski (1993, 2000).
A second problem is that a person’s reference group – the group of individuals to which (s)he attaches non-zero weights in making decisions – is usually
not easily determined. Alessie and Kapteyn (1991), Kapteyn et al. (1997),
and Aronsson et al. (1999) deﬁne the reference group of an individual as the
group of all persons in the population within the same age group and with the
same education level. A more attractive alternative is to use subjective information on an individual’s reference group, as in Woittiez and Kapteyn (1998).
However, their information on the members of the reference group of a sampled individual is limited as these reference group members are not themselves
included in the sample. Once a reference group has been deﬁned there is a
potential endogeneity problem as people may self-select into reference groups.
Failure to control for this may bias estimated endogenous social interaction
eﬀects.
The primary methodological aim of this chapter is to contribute to a solution of yet another problem: Many variables of interest in research on social
interactions are discrete, with smoking being a prominent example. In a discrete choice model with endogenous social interactions, the choices of other
individuals are explanatory variables in the equation describing the choice behavior of a given individual. For estimation and other purposes, the reduced
form (or “social equilibrium” or “solution”) of the model is required. While the
reduced form is straightforwardly obtained in a linear model with continuous
variables, its derivation is more complicated in the case of discrete variables.
As already noted by authors analyzing the simultaneous probit model (see e.g.
Heckman, 1978 and Maddala, 1983), such models may not have a solution
or may have multiple solutions. This in turn may yield problems regarding
the statistical coherency of the model. Existing empirical studies allowing for
social interactions usually focus on choices characterized by continuous variables, such as consumption and savings, or have analyzed discrete choices on
an aggregated level; see e.g. Glaeser et al. (1996). An exception is Gaviria
and Raphael (2001), who analyze school-based peer eﬀects in the individual
discrete choice behavior of tenth-graders. However, their econometric model
ignores multiplicity of equilibria.
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In section 4.3 I present a model based on the assumption that observed
choices represent an equilibrium of a static discrete game played by all interacting agents. I analyze the issues of multiple equilibria and statistical coherency.
Section 4.4 discusses estimation of the model by means of a simulation method.
The remainder of the chapter is devoted to an empirical application. I
analyze a sample of almost 500 high school classes with detailed information
on the individual behavior of the pupils within each class. I take the class as
the natural reference group for each pupil within that class. On a weekday
the average pupil in the sample spends about six hours in his or her school
class. The total time spent on school related activities (including commuting
and homework) is about eight hours per weekday, more than ﬁfty percent of
the daily waking time. While teenage behavior is obviously also inﬂuenced
by persons outside the class, classmates are likely to play a dominant role
in shaping teenagers’ preferences and behaviors. Moreover, with classes as
reference groups the importance of contextual eﬀects (behavior is inﬂuenced
by exogenous charateristics of peers) is likely to be limited, as the pupils in
a class share many exogenous characteristics. Also, as noted by Gaviria and
Raphael (2001), pupils are probably less exposed to the family background of
their class peers than to the family background of neighborhood peers. Since
in principle all pupils in a sampled class are interviewed, the current data set
has unusually rich information on the behavior of all members of a sampled
individual’s reference group.
Section 4.5 describes the data. In section 4.6 the model is estimated to
analyze ﬁve types of teen discrete choice behavior: Smoking, truancy, moped
ownership, cell phone ownership,index[sub]high school teenagers and!truancy
and asking parents’ permission for purchases. To control for sorting into schools
and omitted variables that induce a positive correlation between peers, I allow
for school-speciﬁc ﬁxed eﬀects and for within-class correlation of error terms.
Strong social interaction eﬀects are found for behavior closely related to school
(truancy), somewhat weaker social interaction eﬀects for behavior partly related to school (smoking, moped and cell phone ownership) and no social interaction eﬀects for behavior far away from school (asking parents’ permission for
purchases). Intra-gender interactions are generally much stronger than crossgender interactions.1

1 In my model, each individual makes his/her choice given the actual choice by the other
individuals. This is a notable diﬀerence with the Brock and Durlauf model (Brock and
Durlauf, 2001a, 2001b) in which agents make their choice given an expectation of the mean
choice level. The equilibria in their model are rational expectations equilibria, whereas the
equilibria in my model can be interpreted as one-shot Nash equilibria.
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4.3

Discrete choice interactions and multiple equilibria

Preliminaries
Consider a social group consisting of individuals indexed by i; i = 1, . . . , N .
Each individual makes a binary choice denoted by yi ; yi ∈ {−1, 1}. Hence, the
total number of possible choice combinations in the group is 2N . A choice pattern is deﬁned as an element (y1 , y2 , . . . , yN ) from the set of all possible choice
combinations.
As usual in discrete choice models, I introduce a latent variable yi∗ , which
is related to the observed discrete choice variable yi by the threshold condition
yi = I(yi∗ > 0).2 Let xi be a row vector of observable exogenous variables and
β a vector of corresponding coeﬃcients to be estimated. The latent variable is
speciﬁed as the sum of a linear function of the explanatory variables, β  xi , and
an error term, i , representing all unobserved explanatory variables. The error
term i is assumed to be independent of all exogenous variables.
A simple case
In a discrete choice model with endogenous social interactions the choices of
other individuals enter as additional explanatory variables in the speciﬁcation
of yi∗ . Consider the speciﬁcation
 ∗
 yi = β  xi + si + i
yi = 1

yi = −1

if yi∗ > 0
if yi∗ ≤ 0,

(4.1)

where
γ 
yj
N − 1 j=1
N

si =

j=i


for i = 1, . . . , N . Note that N1−1 j=i yj is the diﬀerence between the number
of individuals other than i choosing y = 1 and the number of individuals other
than i choosing y = −1, as a fraction of the total number of other individuals,
N − 1.3 A positive γ reﬂects an inclination to conform to the behavior of
2 I(z)

= 1 if z is true, and I(z) = −1 otherwise.
work on simultaneous discrete choice models has used the categorization yi ∈
{0, 1} rather than yi ∈ {−1, 1}. While the diﬀerence is immaterial in a standard discrete
choice model, it is not in the present framework. With yi ∈ {−1, 1} the model is invariant
with respect to interchanging the two choices, whereas it is not with yi ∈ {0, 1}. (See section
5.3.1 for more on this issue.) Note, moreover, that the yj ’s rather than the yj∗ ’s enter as
explanatory variables – I assume that i’s behavior is inﬂuenced by j’s actual behavior (yj )
rather than by j’s “intended behavior” (yj∗ ). For alternative speciﬁcations see, e.g., Maddala
(1983).
3 Earlier
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others, a negative γ an inclination to deviate from the behaviorof others. Let
N
M denote the number of individuals choosing
 y = 1, i.e. M = i=1 I(yi = 1).
In the sequel it appears convenient to use j=i yj = M ·1+(N −M )·(−1)−yi =
2M − N − yi .
A choice pattern (y1 , . . . , yN ) is an equilibrium if and only if it is consistent
with (4.1) for all i, i.e. if after substitution of these values of yi in si , one has
yi∗ > 0 for all i with yi = 1, and yi∗ ≤ 0 for all i with yi = −1. In the model
without social interactions (i.e. γ = 0) a given set of values of xi ’s, i ’s, β, and
γ obviously deﬁnes a unique choice pattern. An important feature of the model
with social interactions is that, for a given set of values of xi ’s, i ’s, β, and γ,
several choice patterns may be consistent with (4.1). As an example consider
the model for the case N = 2:
 ∗
y = β  x1 + γy2 + 1


 1∗
y2 = β  x2 + γy1 + 2
 yi = 1


yi = −1

if yi∗ > 0
if yi∗ ≤ 0,

(4.2)

for i = 1, 2. If γ = 1 and β  x1 + 1 = β  x2 + 2 = − 12 , for example, the choice
patterns (−1, −1) and (1, 1) are both consistent with (4.2).
As noted by Bjorn and Vuong (1984) and Kooreman (1994), the ﬁrst equation in (4.1) and the ﬁrst and second equation in (4.2) can be interpreted as
reaction functions, where yi∗ is the diﬀerence between the utility person i derives from choosing yi = 1 and the utility he derives from choosing yi = −1,
conditional on the choices yj made by all other individuals. Equilibria can then
be interpreted as (one-shot) pure Nash equilibria of a game played between all
group members.
A more complicated model: discrete choices in school classes
Consider a set of school classes indexed by k, k = 1, . . . , K. Class k has
NGk girls and NBk boys. Pupils are indexed by i = 1, . . . Nk , with Nk =
NGk + NBk . Let MGk denote the total number of girls in class k choosing
y = 1 and MBk the total number of boys in class k choosing y = 1.4 For
ease of exposition I will refer to y = 1 as “smoking” and to y = −1 as “nonsmoking”, although I will also consider other types of behavior.
Specify
 ∗
 yik = β  xik + sik + ik
∗
yik = 1
if yik
>0
(4.3)

∗
if yik
≤0
yik = −1
4 Obviously, one could in principle reﬁne the speciﬁcation of social groups beyond the boygirl distinction, for example on the basis of ethnicity, or by allowing the eﬀect of younger and
of older classmates to be diﬀerent. Such a reﬁnement is beyond the scope of this chapter.
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where

sik


(γGG (2MGk − NGk − yik ) + γGB (2MBk − NBk ))/(Nk − 1),



if i is a girl;
=
(2M
−
N
−
y
)
+
γ
(2M
−
N
))/(N
(γ

BB
Bk
Bk
ik
BG
Gk
Gk
k − 1),


if i is a boy
(4.4)

(Note that if i is a girl, then 2MGk − NGk − yik is the number of other girls
smoking minus the number of other girls not smoking; 2MBk − NBk is the
number of boys smoking minus the number of boys not smoking; etc..) Thus,
the model distinguishes between interactions among boys, interactions among
girls, and interactions between boys and girls. In the ﬁrst equation in (4.4) γGG
measures how girls are aﬀected by other girls, and γGB measures how girls are
aﬀected by boys; in the second equation γBB measures how boys are aﬀected
by other boys, and γBG measures how boys are aﬀected by girls.
Alternatively, the social interactions term might be speciﬁed as

γGG (2MGk − NGk − yik )/(NGk − 1) + γGB (2MBk − NBk )/NBk ,



if i is a girl;
sik =
γ

BB (2MBk − NGk − yik )/(NBk − 1) + γBG (2MBk − NBk )/NGk ,


if i is a boy
(4.5)
To appreciate the diﬀerence consider the case γGG = γGB = γBB = γBG . Then
in speciﬁcation (4.5) the groups of boys and girls have the same impact on i,
irrespective of their relative sizes. According to speciﬁcation (4.4) the impact of
a gender group increases with its relative size, which I consider more plausible.

4.4

Estimation by simulation

In order to calculate the probability that a particular choice pattern will emerge
as an equilibrium, I ﬁrst reconsider the model speciﬁed in (4.2). For this model
the four potential equilibria have to satisfy the following conditions:
(1, −1)
(−1, 1)
(1, 1)
(−1, −1)

⇔
⇔
⇔
⇔

β  x1 − γ + 1
β  x1 + γ + 1
β  x1 + γ + 1
β  x1 − γ + 1

> 0;
< 0;
> 0;
< 0;

β  x2 + γ + 2
β  x2 − γ + 2
β  x2 + γ + 2
β  x2 − γ + 2

< 0,
> 0,
> 0,
< 0.

It is easily veriﬁed that the four corresponding regions in the (1 , 2 )-space
partly overlap; see ﬁgure 4.1 – one of the subregions supports both (-1,-1) and
(1,1). Following Bjorn and Vuong (1984) and Kooreman (1994), assume that in
case of multiple equilibria one of them will be observed with probability equal
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ε2

(1,1)

(1,1)

(−1,1)

(1,1)

γ
(1,1)

(1,1)

(−1,−1)

(1,1)
(−1,−1)

0
(1,1)

(−1,−1)
(−1,−1)

(−1,−1)

(−1,−1)

(−1,−1)

ε1

(1,1)

(1,1)

(−1,−1)

−γ

(−1,−1)

−γ

(1,−1)

γ

Figure 4.1: Multiple equilibria in -space (N = 2, γ > 0, β  x1 = β  x2 = 0).
to one over the number of equilibria. From this assumption and the equilibrium
conditions given above it then follows that
P (1, −1)
P (−1, 1)
P (1, 1)
P (−1, −1)

=
=
=
=

P (1
P (1
P (1
P (1

> −β  x1 + γ; 2
< −β  x1 − γ; 2
> −β  x1 − γ; 2
< −β  x1 + γ; 2

< −β  x2 − γ),
> −β  x2 + γ),
> −β  x2 − γ) −
< −β  x2 + γ) −

1
2 A,
1
2 A,

(4.6)

where
A = P (−β  x1 − γ < 1 < −β  x1 + γ; −β  x2 − γ < 2 < −β  x2 + γ)
(the probability mass corresponding to the shaded area in ﬁgure 4.1). Note that
without substracting 12 A in P (1, 1) and P (−1, −1), one would have P (1, 1) +
P (1, −1) + P (−1, 1) + P (−1, −1) = 1 + A > 1 for γ > 0. Substracting 12 A
equally divides A between choice patterns (1, 1) and (−1, −1). This treatment
of multiple equilibria ensures that the four probabilities add up to unity, and
thus that the model is statistically coherent.
I now turn to the more general case speciﬁed in (4.3) and (4.4). Suppose
that, for a class k, a choice pattern (y1 , y2 , . . . , yN ) ≡ y is observed (I suppress
subscript k). Then maximum likelihood estimation requires to calculate the
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probability P (y) that one observes y, for any given set of parameter values.
The support in -space for choice pattern y is


i > −β  xi − si (y)
i ≤ −β  xi − si (y)

if yi = 1
if yi = −1

(4.7)

Denote the region in -space deﬁned in (4.7) by W (y, θ), with θ being the
parameters to be estimated. Given the independence of the i ’s, the probability that (4.7) is satisﬁed, P ( ∈ W (y, θ)), can be calculated straightforwardly. Since W (y, θ) may also support equilibria other than y, we have
P ( ∈ W (y, θ)) ≥ P (y).
In case of social groups with the size of a school class, the procedure for determining the number of equilibria in the various subregions of the (1 , . . . , N )space is more complicated. First, the number of subregions to be distinguished
increases exponentially in Nk , and, second, in each subregion we have to check
in principle whether each of the 2Nk choice patterns can be an equilibrium. I
therefore use a simulation based method.
Initially, I assume (1 , . . . , N ) to follow a normal distribution with zero
mean and identity covariance matrix. Consider R random draws (indexed by
r, r = 1, . . . , R) from the joint distribution of (1 , . . . , N ) on W (y, θ). For
each draw, I calculate the number of equilibria. Note that y is either the single
equilibrium or one of the multiple equilibria. Let Ωr be the set of equilibria
corresponding to draw r and let Er denote the number of elements in Ωr (i.e.
Er is the number of equilibria at draw r). Then the probability P (y) that
choice pattern y will be observed is consistently estimated by the frequency
simulator
P1 (y) = P ( ∈ W (y, θ)) ·

R1
1
1 
R1 r=1 Er

(4.8)

I have found that R1 = 1000 generates estimated probabilities that are
suﬃciently precise as inputs
the maximum likelihood procedure. Note that
 in
1
1
since Er ≥ 1 we have R11 R
r=1 Er ≤ 1.
From an empirical perspective it is important to note that the estimation
results in this chapter’s application appear to be largely insensitive with respect
to the assumptions regarding the treatment of multiple equilibria. For example,
maximizing a quasi-loglikelihood based on P ( ∈ W (y, θ)) yields estimates
very similar to those based on P1 (y)– in most cases the probability of a single
R1 1
equilibrium is larger than 80 percent, i.e. we usually have R11 r=1
Er > 0.8.
Alternatively, P (y) could be estimated directly using
R2
I(y ∈ Ωr )
1 
P2 (y) =
R2 r=1
Er

(4.9)
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with R2 the number of draws from the joint distribution of (1 , . . . , N ) on
RN . However, this would require the number of draws to be of a much larger
magnitude to achieve the same precision as achieved when using (4.8).5
I now provide a lemma that helps to reduce 
the number of potential equilibria that have to be checked. Note ﬁrst that N
i=1 yi = k implies that the
number of agents with y = 1 is M = 12 (N + k).
Lemma 4.1 Let γ ≥ 0. Suppose model (4.1) has an equilibrium y. with
N
i=1 yi = k. Then
min zi −

{i|yi =1}

max

{i|yi =−1}

zi ≥

2γ
,
N −1

where zi ≡ β  xi + i .
N
Proof: Consider an equilibrium y and denote i=1 yi = k. Suppose, without loss of generality, that agent i chooses
yj = −1.

 yi = 1 and agent
 j with

k+1
k−1
∗
∗
Suppose zj ≥ zi − N2γ
−1 . Then yj = zj + N −1 γ ≥ zi + N −1 γ = yi . But
∗
∗
since yi = 1 and yj = −1 implies yi > 0 ≥ yj , we have a contradiction.


From lemma 4.1 it follows that, with γ > 0, the M agents with yi = 1 are
those with the Mlargest values of zi . To determine whether there exists an
N
equilibrium with i=1 yi = k, I therefore ﬁrst rank observations on the basis
of the values of zi . Denote the ordered values as z[1] ≤ z[2] ≤ . . . ≤ z[N ] . Then
N
we have an equilibrium with i=1 yi = k, if and only if the inequalities
k+1
z[1] + N
−1 γ
z[N −M+1] +

k−1
N −1 γ

k+1
≤ . . . ≤ z[N −M] + N
−1 γ ≤ 0 <
k−1
≤ . . . ≤ z[N ] + N −1 γ,

(4.10)

with 1 ≤ M = 12 (N + k) ≤ N − 1, are satisﬁed. An equilibrium with M = 0
occurs if and only if zi − γ ≤ 0 for all i; an equilibrium with M = N occurs if
and only if zi + γ > 0 for all i. As a result, one only has to check N + 1 out of
the 2N choice patterns as possible equilibria (M = 0, 1, . . . , N ).
Suppose that model (4.3)-(4.4), with all γ’s positive, has an equilibrium with
MGk smoking girls and MBk smoking boys. It is straightforward to show that
Lemma 4.1 implies that the smoking girls are those with the largest values
of zi in the subset of girls, and that the smoking boys are those with the
largest values of zi in the subset of boys. As a result, one only has to check
(NGk + 1)(NBk + 1) out of the 2Nk choice patterns as potential equilibria.
If one or several γ’s are negative, it is possible to have zj > zi combined with
yj = −1 and yi = 1. This prevents a reduction of potential equilibria similar
5 In a recent paper Tamer (2003) proposes a semiparametric estimator which allows under certain conditions - for consistent point estimation of the model in the N = 2 case
without making assumptions regarding non-unique outcomes. Its empricial implementation
and extension to N > 2 have not been fully developed as yet.
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to the procedure described above. Therefore, with negative γ’s, estimation of
the model requires – for each evaluation of the likelihood function, for each
simulation within a likelihood evaluation – to check all 2Nk possible equilibria
for class k. This is computationally demanding but not infeasible given the
social group sizes in the current application.
Having calculated for each class the probability that the observed choice
pattern occurs using (4.8), I estimate the model by maximum likelihood.

4.5

The data: the Dutch National School Youth
Survey

I will estimate the model outlined in the previous sections using data from the
Dutch National School Youth Survey (NSYS) from the year 2000.6
Although in principle all pupils in a sampled class participate in the survey, some pupils are excluded from the data. In some cases this is because a
pupil was absent when the questionnaires were ﬁlled out, in other cases because information on some of the variables is missing. The data set used in
estimation contains information on 7534 pupils in 487 classes in 66 schools.
It contains information on the teenagers’ individual characteristics, time use,
income and expenditures, subjective information on norms and values, and information on various behaviors and durable goods ownership. There is only
limited information on the parents (including education and working hours)
and no information on siblings. Tables 4.1 and 4.2 provide sample information
at the individual level and the class level, respectively.
All information is self-reported. Thus, strictly speaking, the analysis measures social interactions in how teenagers report on their behavior. The results
for “asking parents’ permission for purchases” may provide some insight in potential diﬀerences between social interactions in reported behavior and in actual
behavior. Asking parents for permission before making a purchase is an aspect
of out-of-class behavior. Since this primarily concerns the relationship between
a pupil and his or her parents, I expect very weak or no endogenous social
interaction eﬀects in this type of actual behavior. However, if pupils copy each
others’ responses to the survey questions when ﬁlling out the questionnaire,
spurious social interaction eﬀects might be found.
The vector x includes age, and dummy variables for gender, for being nonDutch (based on the question “Do you consider yourself to be Dutch?”), for the
type of education (MAVO (lower level), HAVO (intermediate level), and VWO
(higher level), with ‘vocational’ as reference category), for catholic, for protes6 Previous surveys were conducted in 1984, 1990, 1992, 1994, and 1996. The NSYS is
a joint eﬀort of the Social and Cultural Planning Oﬃce of The Netherlands (SCP) and the
Netherlands Institue for Family Finance Information (NIBUD). In each survey year a random
sample of high schools in The Netherlands is drawn. A participating school is compensated
by means of a report summarizing the survey results for that school. The series of surveys is
not a panel, although some schools have participated more than once.
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Table 4.1: Sample statistics at the individual level (7,534 observations)
mean

median

st. dev.

min.

max.

girl
age
non-Dutch
single parent hh.
MAVO
HAVO
VWO
working time father
working time mother
catholic
protestant

0.5167
14.2520
0.0881
0.0832
0.3211
0.1968
0.1724
36.0284
15.4080
0.2360
0.1856

1.0000
14.0000
0.0000
0.0000
0.0000
0.0000
0.0000
36.0000
16.0000
0.0000
0.0000

0.4998
1.4437
0.2835
0.2762
0.4669
0.3976
0.3778
12.6600
15.1320
0.4246
0.3888

0.0000
11.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000
21.0000
1.0000
1.0000
1.0000
1.0000
1.0000
46.0000
46.0000
1.0000
1.0000

smoking
truancy
asking for permission
moped
cell phone

0.0897
0.1886
0.8600
0.0657
0.2104

0.0000
0.0000
1.0000
0.0000
0.0000

0.2858
0.3912
0.3470
0.2478
0.4076

0.0000
0.0000
0.0000
0.0000
0.0000

1.0000
1.0000
1.0000
1.0000
1.0000

girls (3,893 observations)
smoking
truancy
asking for permission
moped
cell phone

0.0917
0.1811
0.8513
0.0301
0.2009

0.0000
0.0000
1.0000
0.0000
0.0000

0.2886
0.3851
0.3559
0.1708
0.4007

0.0000
0.0000
0.0000
0.0000
0.0000

1.0000
1.0000
1.0000
1.0000
1.0000

boys (3,641 observations)
smoking
truancy
asking for permission
moped
cell phone

0.0876
0.1966
0.8693
0.1038
0.2205

0.0000
0.0000
1.0000
0.0000
0.0000

0.2828
0.3975
0.3372
0.3051
0.4147

0.0000
0.0000
0.0000
0.0000
0.0000

1.0000
1.0000
1.0000
1.0000
1.0000
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Table 4.2: Sample statistics at the class level (487 observations)

class size
fraction of girls
MAVO
HAVO
VWO

mean

median

st. dev.

min.

max.

15.4702
0.5193
0.3294
0.1771
0.1643

15.0000
0.5238
0.0000
0.0000
0.0000

4.6244
0.1486
0.4683
0.3767
0.3659

8.0000
0.1111
0.0000
0.0000
0.0000

30.0000
0.8947
1.0000
1.0000
1.0000

0.0000
0.0000
0.0000

0.4348
0.6667
0.6667

0.0000
0.0000
0.0000

0.8000
1.0000
1.0000

0.3847
0.0000
0.0000

1.0000
1.0000
1.0000

0.0000
0.0000
0.0000

0.4167
0.5000
0.7500

0.0000
0.0000
0.0000

0.9091
1.0000
1.0000

smoking
fraction y = 1
class
girls
boys

0.0894
0.0896
0.0908

0.0714
0.0000
0.0000

0.0946
0.1249
0.1328

truancy
fraction y = 1
class
girls
boys

0.1884
0.1799
0.2033

0.1429
0.1250
0.1667

0.1691
0.2075
0.2198

asking for permission
fraction y = 1
class
girls
boys

0.8597
0.8523
0.8651

0.8750
0.8750
0.9091

0.1187
0.1627
0.1600

moped
fraction y = 1
class
girls
boys

0.0662
0.0287
0.1068

0.0476
0.0000
0.0000

0.0832
0.0697
0.1455

cell phone
fraction y = 1
class
boys
girls

0.2113
0.2019
0.2234

0.1818
0.1667
0.2000

0.1573
0.1990
0.2007
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tant, and for living in a ‘single parent family’ (based on the question “Do you
live in a family with father and mother?”). Unfortunately, a large proportion
of teenagers do not know their parents’ education level (41 and 36 percent for
father’s and mother’s education level, respectively). I therefore choose not to
include parents’ eduation levels as explanatory variables. However, I do include
the father’s working time and the mother’s working time (for a pupil with a
single parent the working time of the missing parent is set equal to the sample
average).7

4.6

Empirical results

Table 4.3 presents four versions of the estimated model for smoking. The ﬁrst
column contains estimation results for the model without social interactions
(i.e. with γGG = γGB = γBB = γBG = 0). The probability of smoking strongly
increases in age. The eﬀect of gender is insigniﬁcant. The higher the level of the
type of education, the smaller the probability that a pupil smokes. I also ﬁnd
that pupils from single parent households and pupils whose mother has a paid
job have a signiﬁcantly larger probability to smoke. The variables non-Dutch,
catholic, and protestant negatively aﬀect pupils’ smoking behavior. The eﬀects
are largely consonant with earlier empirical studies on smoking behavior; see
for example, Gruber and Zinman (2001) and Gruber (2001).
Column two presents results for the model with social interactions. All
social interaction coeﬃcients are positive and highly signiﬁcant. The largest
one is γBB , measuring the boy-boy interaction, followed in size by γGG , measuring the interaction between girls. The coeﬃcients γGB and γBG , measuring
the cross-gender interactions are also signiﬁcant, though smaller in size. Note
that the inclusion of the social interaction coeﬃcients hardly aﬀects the other
parameters.
Fixed eﬀects
Smoking behavior in all classes of a given school is likely to be aﬀected by a
number of unobserved school-speciﬁc factors, like smoking behavior of teachers,
the school’s policy regarding smoking, and proximity of tobacco outlets. Unobserved school-speciﬁc factors may also be related to a non-random assigment
of pupils to schools. For example, parents who smoke themselves may be less
likely to send their children to a school in which smoking is strictly prohibited.
Signiﬁcant social interaction coeﬃcients may then merely reﬂect the failure to
7 A number of studies have reported indicators for self-esteem to be important explanatory
variables in the analysis of teenage behavior; see e.g. Smetters and Gravelle (2001). I choose
not to include such a variable because of its potential endogeneity.
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Table 4.3: Estimation results; smoking (t-values in parentheses)
with ﬁxed eﬀects
no SI

with SI

no SI

with SI

γBB

-4.18
(-19.1)
0.039
(0.9)
0.189
(12.3)
-0.274
(-3.3)
0.188
(2.8)
0.173
(3.6)
-0.042
(-0.7)
-0.238
(-3.8)
0.002
(1.0)
0.004
(3.3)
-0.197
(-4.1)
-0.136
(-2.4)
—

-3.84
(-11.6)
-0.005
(0.1)
0.169
(7.4)
-0.214
(-2.0)
0.170
(2.2)
0.269
(3.1)
-0.110
(-1.2)
-0.308
(-2.9)
0.001
(0.7)
0.005
(3.3)
-0.160
(-2.3)
-0.167
(-1.8)
—

γBG

—

γGB

—

γGG

—

-3.16
(-10.2)
0.004
(0.0)
0.156
(8.3)
-0.248
(-2.8)
0.183
(2.7)
0.148
(2.3)
-0.034
(-0.5)
-0.194
(-2.4)
-0.000
(1.0)
0.005
(3.2)
-0.174
(-3.3)
-0.126
(-1.9)
0.880
(4.7)
0.533
(2.1)
0.569
(2.6)
0.765
(4.6)

-3.41
(-8.5)
-0.034
(-0.1)
0.158
(6.5)
-0.215
(-2.0)
0.176
(2.3)
0.233
(2.4)
-0.087
(-0.8)
-0.268
(-2.3)
0.002
(0.8)
0.005
(3.2)
-0.162
(-2.3)
-0.158
(-1.7)
0.491
(2.3)
0.223
(0.8)
0.188
(0.8)
0.386
(1.9)

-2107.2

-2133.8

constant
girl
age
non-Dutch
single parent family
MAVO
HAVO
VWO
father’s working time
mother’s working time
catholic
protestant

log-likelihood function

-2153.9

—
—
—

2097.2
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control for these unobserved eﬀects. I therefore also estimate a version with
school-speciﬁc ﬁxed eﬀects.8
The inclusion of school-speciﬁc ﬁxed eﬀects amounts to estimating 64 additional parameters (one school is reference category, another school is deleted
because it has non-smokers only). The results are reported in the third and
fourth column of table 4.3. While, in column four, the cross-gender interaction
eﬀects are not signiﬁcant for this speciﬁcation, the intra-gender interactions are
still sizeable and signiﬁcant, with again the boy-boy interaction being stronger
than the girl-girl interaction. The other coeﬃcients now have somewhat larger
standard errors, but this has a negligible eﬀect on the signiﬁcance of explanatory variables. More importantly, a χ2 -test shows that the ﬁxed eﬀects are
jointly insigniﬁcant (p = 0.201).
I have also estimated the model for truancy, moped ownership, cell phone
ownership, and asking parents’ permission for purchases.9 Tables 4.4 and 4.5
report the results without and with school-speciﬁc ﬁxed eﬀects, respectively.
(For ease of comparison the ﬁrst column in table 4.4 repeats the second column
from table 4.3 and the ﬁrst column in table 4.5 repeats the fourth column from
table 4.3.)
The signiﬁcance of the ﬁxed eﬀects varies across the ﬁve types of behavior.
For truancy, smoking, and moped ownership the ﬁxed eﬀects are not signiﬁcant
(see bottom row of table 4.5), while for cell phone ownerhip and asking parents’
permission they are signiﬁcant. The discussion of estimation results below is
therefore based on table 4.4 for smoking, truancy, and moped ownership, and
on table 4.5 for the other two choice behaviors.
For truancy, the intra-gender eﬀects are stronger than for smoking. Moreover, one now also observes signiﬁcant cross-gender interactions. The probability of truancy sharply increases in age, is larger for non-Dutch pupils, and
decreases in the level of education. The mother’s working time also has a
signiﬁcant positive eﬀect on truancy.
Moped ownership is the only type of behavior for which a large gender eﬀect
is found: The probability of moped ownership is much larger for boys than for
girls. It strongly increases in age (the legal minimum age for riding a moped
in The Netherlands is 16) and decreases in the level of education. It is also
the only type of behavior where one distinguishes a clear asymmetry in social
interactions between genders. For a boy, the probability of moped ownership
8 Clearly, a more ﬂexible speciﬁcation would be obtained by allowing for class-speciﬁc ﬁxed
eﬀects. With the current data, the estimation of class-speciﬁc eﬀects is infeasible. However,
below I will estimate a version with class-speciﬁc random eﬀects.
9 The variable ‘truancy’ in the empirical analysis is based on the question “How often have
you been truanting during the last (school)month?”. As truanters have a larger probability
of being absent when the questionnaire is being ﬁlled out, there is a potential selection bias.
The eﬀect on the estimated social interaction coeﬃcients, however, is likely to be small. The
absence of a group of truanters with strong mutual interactions might bias the estimated γ’s
towards zero, but the presence of a group on non-truanters with strong mutual interactions
will have the opposite eﬀect. Moreover, tentative calculations indicate that the probability
of a pupil truanting on a random schoolday is in the order of one percent.
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Table 4.4: Estimation results (t-values in parentheses)

constant
girl
age
non-Dutch
single parent family
MAVO
HAVO
VWO
father’s working time
mother’s working time
catholic
protestant
γBB
γBG
γGB
γGG

log-likelihood function

smoking

truancy

moped

cell phone

permission

-3.16
(-10.2)
0.004
(0.0)
0.156
(8.3)
-0.248
(-2.8)
0.183
(2.7)
0.148
(2.3)
-0.034
(-0.5)
-0.194
(-2.4)
0.002
(1.0)
0.005
(3.2)
-0.174
(-3.3)
-0.126
(-1.9)
0.880
(4.7)
0.533
(2.1)
0.569
(2.6)
0.765
(4.6)

-2.74
(-9.4)
-0.024
(-0.3)
0.156
(8.1)
0.127
(1.9)
0.037
(0.6)
0.094
(1.5)
0.131
(1.7)
0.048
(0.6)
-0.000
(-0.2)
0.003
(2.1)
-0.126
(-2.6)
-0.117
(-2.2)
0.829
(6.8)
0.535
(3.5)
0.465
(2.9)
1.171
(10.3)

-4.52
(-12.8)
-0.870
(-3.0)
0.255
(14.0)
-0.178
(-1.9)
-0.034
(-0.4)
-0.131
(-1.9)
-0.215
(-2.9)
-0.408
(-4.5)
0.002
(1.2)
0.003
(1.6)
0.0103
(0.2)
-0.083
(-1.1)
0.486
(2.4)
0.497
(2.0)
0.346
(1.1)
0.153
(0.6)

-2.52
(-11.2)
0.036
(0.4)
0.145
(9.6)
0.142
(2.3)
0.277
(5.0)
0.039
(0.7)
-0.072
(-1.2)
-0.254
(-3.5)
-0.002
(-1.1)
0.002
(1.8)
-0.019
(-0.4)
-0.280
(-5.0)
0.562
(5.1)
0.434
(2.8)
0.467
(2.7)
0.830
(8.2)

4.07
(16.3)
-0.090
(-0.6)
-0.197
(-13.4)
-0.159
(-2.5)
-0.246
(-4.2)
-0.107
(-2.0)
-0.140
(-2.4)
-0.042)
(-0.6)
-0.004
(-2.6)
-0.004
(-2.7)
0.233
(5.0)
0.273
(5.1)
0.303
(2.1)
0.082
(0.5)
0.128
(0.8)
0.220
(2.0)

-2133.8

-3254.6

-1586.9

-3599.9

-2832.7
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Table 4.5: Estimation results; with school-speciﬁc ﬁxed eﬀects (t-values in
parentheses)

constant
girl
age
non-Dutch
single parent family
MAVO
HAVO
VWO
father’s working time
mother’s working time
catholic
protestant
γBB
γBG
γGB
γGG

log-likelihood function
Signiﬁcance ﬁxed eﬀects
(p-values)

smoking

truancy

moped

cell phone

permission

-3.41
(-8.5)
-0.034
(-0.1)
0.158
(6.5)
-0.215
(-2.0)
0.176
(2.3)
0.233
(2.4)
-0.087
(-0.8)
-0.268
(-2.3)
0.002
(0.8)
0.005
(3.2)
-0.162
(-2.3)
-0.158
(-1.7)
0.491
(2.3)
0.223
(0.8)
0.188
(0.8)
0.386
(1.9)

-2.92
(-8.1)
-0.024
(-0.3)
0.158
(7.1)
0.125
(1.7)
0.036
(0.5)
0.198
(2.2)
0.118
(1.2)
0.002
(0.0)
-0.000
(-0.2)
0.003
(2.0)
-0.106
(-1.8)
-0.159
(-2.4)
0.829
(6.8)
0.359
(2.2)
0.277
(1.6)
1.023
(8.0)

-5.40
(-12.8)
-0.824
(-2.8)
0.282
(11.4)
-0.175
(-1.4)
-0.036
(-0.4)
-0.136
(-1.2)
-0.161
(-1.4)
-0.394
(-3.2)
0.003
(1.2)
0.003
(1.8)
-0.030
(-0.4)
-0.210
(-1.8)
0.197
(0.9)
0.101
(0.4)
0.044
(0.1)
-0.140
(-0.4)

-3.34
(-11.7)
0.028
(0.3)
0.189
(11.0)
0.051
(0.7)
0.249
(4.0)
0.018
(0.3)
-0.184
(-2.5)
-0.463
(-5.6)
-0.001
(-0.5)
0.002
(1.8)
-0.056
(-1.1)
-0.228
(-3.1)
-0.099
(-0.8)
-0.148
(-1.0)
-0.191
(-1.2)
0.244
(2.2)

4.39
(13.7)
-0.094
(-0.6)
-0.207
(-11.5)
-0.183
(-2.5)
-0.227
(-3.4)
-0.196
(-2.4)
-0.161
(-1.9)
-0.021)
(-0.2)
-0.004
(-2.6)
-0.004
(-2.6)
0.2000
(3.4)
0.255
(3.3)
-0.156
(-1.0)
-0.317
(-1.6)
-0.298
(-1.6)
-0.205
(-1.4)

-2097.2

-3220.2

-1563.8

-3500.9

-2782.04

0.201

0.286

0.945

0.000

0.002
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is strongly aﬀected by moped ownership of other boys and of girls. Moped
ownerhip for girls, on the other hand, is not aﬀected by social interactions.
For cell phone ownership I again ﬁnd an increasing eﬀect of age and a
decreasing eﬀect of education. Teenagers from a single parent family have
a much larger probability of owning a cell phone. Only the girl-girl social
interaction eﬀect is signiﬁcant.
The probability of asking parents’ permission before purchasing something
strongly decreases in age, and is smaller for non-Dutch pupils and for pupils in
a single parent household. It also signiﬁcantly decreases in mother’s working
time. The four social interaction coeﬃcients are (jointly) insigniﬁcant. This
indicates that pupils do not copy each other’s responses when ﬁlling out the
questionnaire. It also indicates that the eﬀects found for the other four types of
choice behavior represent genuine endogenous social interaction eﬀects rather
than unobserved social group eﬀects.
The magnitude of the social interaction eﬀects
In order to gain some insight in the magnitude of the social interaction
eﬀects implied by the estimated γ’s consider a reference class (largely based
on median values of exogenous variables). This is a hypothetical MAVO class
composed of 8 girls and 8 boys; all of them are aged 14, Dutch, non-protestant,
non-catholic, and come from a two-parent household with a father working 36
hours per week and a mother working 16 hours per week. Using the estimated
parameters from table 4.4, I ﬁnd that in equilibrium the expected number of
truanters is 3.14 (the probability of truancy is 0.191 for girls and 0.201 for
boys).10
Now suppose that a surely truanting girl is added to this class (i.e. a girl
is added with characteristics such that her probability of truanting is virtually
equal to 1, irrespective of the behavior of others). Without social interaction
eﬀects, the expected fraction of truanters would rise from 0.196 (3.14/16) to
0.244 (4.14/17), a 24 percent increase. Taking social interaction eﬀects into
account, the new equilibrium fraction of truanters rises to 0.278 (4.73/17), an
increase of 41 percent compared to the original level. If a surely non-truanting
girl is added to this class, the expected fraction decreases from 0.196 (3.14/16)
to 0.185 (3.14/17) without social interaction eﬀects (a 6 percent decrease), and
to 0.169 (2.88/17) with social interaction eﬀects (a 16 percent decrease).
The model also implies that a change in the value of an exogenous variable
of only one of the pupils in principle aﬀects the behavior of all pupils in class.
Suppose, for example, that the mother of one of the girls in the reference class
increases her working hours to 46 per week. Then the equilibrium truancy
probability of her daughter increases from 0.191 to 0.210. However, it also
changes the equilibrium truancy probabilities of the other girls (from 0.1909 to
0.1915) and boys (from 0.2002 to 0.2012). As a result, the expected of number
of truanters in class increases not only by 0.019 (0.210-0.191), but by 0.031.
10 All

numbers are based on simulations with R=100000.
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Correlated within-class error terms
As an additional check on the robustness of the empirical results I also estimated the model for smoking with a slightly more general correlation pattern
of the error terms within a class (but without school-speciﬁc ﬁxed eﬀects). I
assume the covariance matrix Σ of (1 , . . . , N ) to be a ’one-factor’ matrix such
that Σ = {ρij } with ρij = ρ if i = j and ρij = 1 if i = j. To calculate the
probabilities P ( ∈ W (y, θ)) I use a decomposition simulator which eﬀectively
depends on only a one-dimensional random variable; cf. Stern (1992).11
I ﬁrst estimated this version without social interaction eﬀects. I then found
the estimated ρ to be small but highly signiﬁcant (ρ̂=0.098, t-value 8.6, loglikelihood -2146.8) with the other parameters largely unaﬀected. When estimating
the model with social interaction eﬀects, the estimated ρ is virtually equal to
zero and highly insigniﬁcant, with the other parameters being identical to those
in the second column of table 4.3. These results are another indication that the
γ’s are measures of genuine endogenous social interactions eﬀects rather than
a reﬂection of unmeasured class-speciﬁc eﬀects.

4.7

Conclusion

The model presented and estimated in this chapter represents a simple and
natural approach to incorporate endogenous social interactions in empirical
discrete choice models. In the application to teenagers’ discrete choices, I found
strong social interaction eﬀects for behavior closely related to school (truancy),
somewhat weaker social interaction eﬀects for behavior partly related to school
(smoking, moped and cell phone ownership) and no social interaction eﬀects
for behavior far away from school (asking parents’ permission for purchases).
The latter result suggests that the eﬀects found for the other four types of
choice behavior represent genuine endogenous social interaction eﬀects rather
than unobserved social group eﬀects.
While the present data set has a number of important advantages in terms
of reference group deﬁnition and information on reference group members, the
empirical results are subject to the usual qualiﬁcations regarding inference on
the basis of cross section data. The analysis of data collected at several points in
time on the same teenagers, preferably with exogenous reassignment of pupils to
11 Let the random variables u , . . . , u , and v be independently normally distributed with
1
N
zero means; var(ui ) = 1 − ρ, i = 1, . . . , N and var(v) = ρ. (ρ > 0 is required, the procedure for ρ < 0 is slightly diﬀerent. Note, however, that the positive deﬁniteness of Σ
1
implies − N−1
< ρ < 1.) Let i = ui + v, i = 1, . . . , N . Then Cov() = Σ, with Σ
deﬁned
above.
Now
1 < z1 , . . . , N < zN ) = P (u1 < z1 − v, . . . , uN < zN − v) =


 P (
!
−v
z1 −v
Φ √
. . . Φ z√N1−ρ
.f (v)dv, with Φ(.) the standard normal cumulative distribution
1−ρ

function and f (v) a N (0, ρ) density
The
 function.

 integral is simulated by drawing v from
zN −v
z1 −v
√
√
.
.
.
Φ
conditional on v.
1−ρ
1−ρ

f (.) and then evaluating Φ
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other classes within the same school, would be another step towards increasing
our understanding of social interactions.

Chapter 5

Equilibrium Properties of
Finite Binary Choice
Games
5.1

Summary and overview

This chapter derives a complete characterization for the equilibria that may
arise in a binary choice interaction model with a ﬁnite number of interacting
agents. In particular, the correspondence between the interaction strength, the
number of agents and the set of equilibria is derived.

5.2

Introduction

Over the last decade, the study of the role of social interactions in economic
behavior has become an important area of research. One reason for this is
the power of these models to explain large variations in aggregate behavior
over time and space. Diﬀerences in crime rates over states (Glaeser, Sacerdote
and Scheinkman, 1996), large variation in educational attainment across school
classes (Hoxby, 2000), fashion cycles (Pesendorfer, 1995), ﬂuctuations in stock
prices (Bikhchandani, Hirshleifer and Welch, 1998) and herd behavior (Banerjee, 1992) are all examples of phenomena that cannot be fully accounted for
by economic or cultural diﬀerences, but for which interactions-based models
oﬀer an explanation. Almost all of these models use the notion of strategic
complementarity, implying that an increase in the action of all agents except
agent i increases the marginal return to agent i’s action. A main reason for
the popularity of these models is that they are capable of generating the soThe working paper that is related to this chapter is Soetevent (2004b).
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cial multiplier or multiple equilibria that creates large variations in aggregate
behavior.
In models with strategic substitutes, an increase in the action of all agents
except agent i decreases the marginal return to agent i’s action. In contrast to
models with complements, models with strategic substitutes do not generate
multiplier eﬀects or multiple equilibria at the aggregate level.1 One can think of
many instances in which people derive utility from being diﬀerent than others.
To give an example, most school classes inhabit some pupils that purposely
try to distinguish themselves from the others. Depending on context, games
with best-response functions that are decreasing in the actions of other players
are also refered to as games with negative externalities or games with negative
interactions.
In a general analysis of games with strategic complementarities, Cooper
and John (1988) prove that in games with homogenous agents, strategic complementarity is a necessary condition for the existence of multiple (symmetric)
Nash equilibria at the aggregate level. Brock and Durlauf (2001a, 2001b, 2003)
derive conditions under which strategic complementarity between the choices of
individual agents leads to multiple equilibria at the aggregate level in the class
of discrete choice interactions models. The literature on the eﬀects of strategic
complements further includes studies on conformity (Bernheim, 1994), peer effects (Kremer and Levy, 2001) or the upholding of social norms (Becker and
Murphy, 2001).
In this study, instead of considering the consequences of social interactions
for aggregate behavior, I will focus on the consequences of social interactions at
the level of the individual. The main contribution of the chapter is a number of
propositions on equilibrium behavior in a binary simultaneous discrete response
model with a limited number of agents. In this model, an individual agent’s
behavior is dependent on the observed behavior of other agents. This model
is closely related to the model estimated in chapter 4. In that chapter we use
the model to empirically analyze interaction eﬀects among teenagers in school
classes. Questions that are answered in the present chapter concern equilibrium
existence and multiplicity of equilibria. Not only do I look at the case with
strategic complements, but I purposely extend the discussion to encompass also
the case with strategic substitutes. It turns out that the latter case has some
remarkable implications.
For both cases, equilibrium existence is proved. In empirical work on binary
choice interaction models, it is particularly important to account for the possibility of multiple equilibria. Assumptions concerning equilibrium selection are
1 As far as I am aware, Glaeser and Scheinkman (2003) present the only example in which
strategic substitutes create multiple equilibria. However, instead of showing how multiple
equilibria can be generated within one group, they introduce a second group which negatively
interacts with the ﬁrst group such that in equilibrium, aggregate behavior may diﬀer between
the two groups. That is, agents in diﬀerent groups can make diﬀerent choices in equilibrium,
but the choices of agents in the same group have to be the same. Aggregated at the societylevel however, all equilibria exhibit the same behavior.
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more pivotal when multiple equilibria occur more frequently. For this reason,
the derivation of tight upper bounds on the number of equilibria given a certain level of complementarity (substitutability) and a number of agents N is
useful. I ﬁnd that the upper bound for the number of equilibria grows linearly
in N for the case with strategic complements, but exponentially for the case
with strategic substitutes. Besides the formulation of upper bounds, analytical
expressions on the expected number of equilibria are obtained. Surprisingly,
for the model with strategic substitutes (complements), the expected number
of equilibria is non-increasing (non-decreasing) when N ≤ 3, but much more
whimsical when N > 3. Another result is that in the case of strategic substitutes, two outcomes can only belong both to the set of equilbria if in both
outcomes the aggregate number of agents choosing a particular action is the
same. Finally, I derive some results concerning the diﬀerences in model behavior for an even and an odd number of agents. For an even number of agents, the
upper bound on the number of equilibria is always reached for a high enough
level of substitutability; for an odd number, this is crucially dependent on the
distribution of private utilities of the agents.
In the analysis, I will assume that the number of agents that comprises the
reference group is limited. In its focus on small groups, the chapter is complementary to much of the existing literature. As Moﬃtt (2001) notes: “The crude
proxies for neighborhood eﬀects that are used in the empirical literature, which
are solely the result of data limitations, should not lead to a conclusion that
no social interactions are present in smaller geographic areas. More generally,
the theory is consistent with a small intervention aﬀecting only a small number
of individuals.” Other studies that pay attention to small groups are Krauth
(2001), who adapts the Brock-Durlauf model to a small group environment and
Ioannides (2003) who derives a number of general results for bounded social
structures using graph theory.
In a related branch of literature, Tamer (2003) does explicitly allow for negative externalities in a 2 × 2 binary choice game. His objective is not to derive
equilibrium properties as well as to ﬁnd an unbiased estimation procedure in
the presence of multiple equilibria. In another paper, Tamer (2002) extends this
procedure to situations with more than two agents. In an empirical application
he estimates interactions in the decisions of airline companies whether or not
to enter a given market. A noteworthy diﬀerence with Tamer’s approach and
earlier work on simultaneous discrete choice models is that I categorize binary
choices as {−1, 1}, instead of {0, 1}. Whereas in standard binary choice models
the categorization is immaterial, it is not in the present context. I will argue
that a {0, 1}-support is a natural choice in simultaneous discrete response models that study ﬁrm’s entry decisions to a certain market – the focus of Tamer’s
application – but that the {−1, 1}-support may be more appropriate when one
studies social interactions in small groups.
Understanding the eﬀects of negative externalities on equilibrium behavior
is a prerequisite for the incorporation of more general interaction patterns into
economic models. Until now, interactions-based models have focused on either
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positive or negative interactions within a social group. In reality however,
it is likely that within a group, some agents are aﬀected by conformity and
others by the desire to distinguish themselves. This leads to a process in which
agent A wants to resemble person B, but person B wants to behave diﬀerent
than person A. In this case, there does not exist a Nash equilibrium in pure
strategies. Analysis of these kind of models is left for future research.
The chapter proceeds as follows. The model is presented in the next section. Diﬀerences in behavior when using choices with support {0, 1} instead
of {−1, 1} are indicated. Results on the equilibrium properties of the model
are derived in section 5.4. Section 5.5 brieﬂy discusses a slightly more general
model with gender-based interaction terms. Section 5.6 concludes.

5.3

The model

Consider a population of N individuals indexed by i, i = 1, 2, . . . , N . Each
player i faces a binary choice and these choices are denoted by an indicator
variable yi which has support Yi = {−1, 1}. Yi is the strategy set of player i and
Y = ×N
i=1 Yi . Elements of Y are called strategy proﬁles. A full strategy proﬁle
is denoted by y = (yi , y−i ), where y−i = (y1 , y2 , . . . , yi−1 , yi+1 , . . . , yN ) . Note
that the number of elements in Y is 2N . Each individual makes a choice in
order to maximize a payoﬀ function V : Y → R ∪ {−∞}.
In the standard economic approach, the payoﬀ function is dependent on individual characteristics. Following the notation in Brock and Durlauf (2001b),
I assume that these characteristics can be divided into an observable vector xi
and a random shock i (yi ) that is unobservable to the modeller but observable
to agent i. Moreover, in interactions-based models explicit attention is given to
the inﬂuence of the behavior of others on each individual’s choice. Each choice
is then described as
max V (yi , xi , y−i , i (yi )).

(5.1)

yi ∈Yi

Similar to Brock and Durlauf (2001b), I assume that the payoﬀ function V can
be additively decomposed into three terms:
V (yi , xi , y−i , i (yi )) = u(yi , xi ) + S(yi , xi , y−i ) + i (yi ),

(5.2)

where the ﬁrst term u(yi , xi ) denotes deterministic private utility, S(yi , xi , y−i )
denotes deterministic social utility and i (yi ) denotes random private utility.
The social utility term is assumed to have the following form
S(yi , xi , y−i ) =


γ
yi
yj .
2(N − 1)
j=i
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Deﬁne y−ij = y\{yi , yj } so that (yi , xi , yj , y−ij ). Note that
{V (1, xi , 1, y−ij , i (yi )) − V (−1, xi , 1, y−ij , i (yi ))} −
{V (1, xi , −1, y−ij , i (yi )) − V (−1, xi , −1, y−ij , i (yi ))}
= {S(1, xi , 1, y−ij ) − S(−1, xi , 1, y−ij )} −
{S(1, xi , −1, y−ij ) − S(−1, xi , −1, y−ij )}
2γ
=
(N − 1)
Thus, for γ > 0 the utility of choosing yi = 1 (versus yi = −1) when another
individual j chooses yj = 1 as well is larger than the utility of choosing yi = 1
(versus yi = −1) when another individual chooses yj = −1. In this case the
parameter γ measures the strategic complementarity when γ > 0 between the
choice of any pair of individuals, or the extent to which the choices are strategic
substitutes when γ < 0.2 In fact, for γ > 0 (γ < 0), the model falls into
the class of supermodular (submodular) games. Supermodular (submodular)
games are games in which each player’s strategy set is partially ordered and
the marginal returns to increasing one’s strategy rise (decrease) with increases
in the competitors’ strategies.3
Conditional on the choice by individual i, deterministic private utility is
assumed to be a linear function of exogenous characteristics xi , such that:
u(1, xi ) = β1 xi ;


u(−1, xi ) = β−1
xi .

The best response function of individual i given the choices of the other
individuals can now be represented as
 ∗
γ 
 yi = β  xi + N −1 j=i yj + i
(5.3)
y =1
if yi∗ > 0
 i
yi = −1
if yi∗ ≤ 0
where yi∗ denotes the diﬀerence between the utility individual i derives from
choosing yi = 1 and the utility he derives from choosing yi = −1, conditional
on y−i , that is,
yi∗ = V (1, xi , y−i , i (1)) − V (−1, xi , y−i , i (−1)),
with β ≡ β1 − β−1 ; i ≡ i (1) − i (−1).
Deﬁne x ≡ (x1 , x2 , . . . , xN ) and  ≡ (1 , 2 , . . . , N ) . A strategy proﬁle y
is a pure Nash equilibrium proﬁle if and only if it is consistent with (5.3) for
all i, i.e. if after substitution of these values of yi in Si we have yi∗ > 0 for all
2 When γ = 0, the model reduces to the standard binary choice formulation without
externalities.
3 Milgrom and Roberts (1990, p. 1255). See also Vives (1990) and the recent textbook
treatments of Topkis (1998) and Vives (1999). Topkis (p. 11) deﬁnes a partially ordered
set as a set X on which there is a binary relation  that is reﬂexive, antisymmetric, and
transitive.
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i with yi = 1, and yi∗ ≤ 0 for all i with yi = −1. Let Q(β, γ, x, , N ) denote
the number of pure Nash equilibria given {β, γ, x, } and the population size
N . That is, for N ≥ 2,

Q(β, γ, x, , N ) =

(5.4)




 1+yit 
 1−yit
2
2
2N
N



#

γ
γ


I  −i < β  xi +
yjt 
I  i ≤ −β  xi −
yjt 


N
−
1
N
−
1
t=1 i=1
j=i
j=i

with I(·) an indicator function.4 For each element yit of a strategy proﬁle,
theindicator functions evaluate the relevant condition 
on i : −i < β  xi +

(γ j=i yjt )/(N − 1) if yit = 1, and i ≤ −β xi − (γ j=i yjt )/(N − 1) if
yit = −1. When the relevant condition is satisﬁed for all elements of a certain
strategy proﬁle yt , the product in (5.4) is one. In all other cases, the product
is zero. Finally summing over all 2N strategy proﬁles gives the number of
pure Nash equilibria. In the model without social interactions (i.e. γ = 0) each
combination of {β, γ = 0, x, } obviously deﬁnes a unique equilibrium, and thus
Q(β, 0, x, , N ) = 1.
An important feature of the model with social interactions is that, for a
given combination of {β, γ = 0, x, }, several strategy proﬁles may be consistent
with (5.3). If γ = 1 and β  x1 + 1 = β  x2 + 2 = − 21 , for example, proﬁles
y = (1, 1) and y = (−1, −1) are both consistent with (5.3). In the left panel
of ﬁgure 5.1, equilibrium proﬁles for the two-person game are drawn in -space.
The shaded area is the area with multiple equilibria.
The main objective of this chapter is to analyze the relationship between
diﬀerent values of γ and N on the number and nature of equilibria. I will derive
a number of results regarding the existence and maximum number of equilibria
that can occur, for both the case with a positive as with a negative value of γ.

5.3.1

Choice of support {−1, 1} versus {0, 1}

It is of some importance to discuss the choice of support Yi = {−1, 1} instead of
the alternative Ỹi = {0, 1}. The latter is the common choice in standard binary
choice models where the diﬀerence is just a matter of scaling and therefore
immaterial. In this section, I will show that the speciﬁc choice of support does
aﬀect the equilibrium properties of binary choice interaction models. This fact
has hitherto not been explicitly recognized in the literature. Krauth (2001) for
example, taciturnly switches to Ỹi as support in his development of the small
sample analog of the Brock-Durlauf model, whereas these authors themselves
employ Yi . Key idea is that in using support Yi , the model is symmetric and
therefore invariant with respect to interchanging the two choices. This is not
the case with Ỹi .
4I

follow the convention 00 ≡ 1.
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Figure 5.1: Multiple equilibria in -space (N = 2, γ > 0, β  x1 = β  x2 = 0) for
support Yi (left panel) and support Ỹi (right panel).

This diﬀerence between the two models becomes clear when one compares
the equilibria for the two-person game in -space under the assumption that
exogenous variables are irrelevant (β  x1 = β  x2 = 0). The left panel of ﬁgure
5.1 uses support Yi and is symmetric with respect to the line 1 + 2 = 0. The
right panel, which uses support Ỹi , is not.
Compared to the left panel of ﬁgure 5.1, one observes that in the right
panel the shaded area with multiple equilibria is reduced and restricted to
the points where the private utility diﬀerence of smoking for both players is
negative (β  xi + i = i < 0, i = 1, 2). When using Ỹi , one implicitly assumes
that only positive choices have a social eﬀect. One justiﬁcation for this is from
an evolutionary point of view, for example by arguing that everybody starts as
a non-smoker, such that only the teenagers that start smoking give a signal and
the number of non-smokers is irrelevant. Note, however, that the decision not
to smoke can convey just as strong a signal to others, especially in environments
with many smokers.5
5 To give an example, suppose that in a class with 9 teenagers, 3 of them would smoke were
social interactions absent (γ = 0), that is, yi∗ = β  xi + i > 0 for three of them and yi∗ ≤ 0
for the others. How would one interpret in this instance the observation of zero smokers in
this class? A natural explanation is that due to a social eﬀect, the six non-smokers keep the
potential smokers from smoking. Support Yi allows for this explanation,
since the diﬀerence
γ 
−8
in social utility of smoking when nobody else smokes equals N−1
j=i yj = γ 8 < 0 for
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In other contexts however, Ỹi may be the preferred support. Consider for
example the context in which ﬁrms have to make a decision to enter a certain
market (Tamer, 2002). It is plausible that this decision is only dependent on
how many other ﬁrms decide to enter the market and that the number of ﬁrms
that decide not to enter is irrelevant. All results in the sequel are derived while
working with support Yi .

5.4
5.4.1

Equilibrium properties
Existence

N
Deﬁne zi ≡ β  xi + i and k ≡ i=1 yi , that is, k is the net number of agents
choosing y = 1.6 Rank observations on basis of the values of zi . Denote the
ordered values as z[1] ≥ z[2] ≥ . . . ≥ z[N ] . Denote the corresponding values of y
for the agent with z[j] as y[j] . Note that the latter are not ordered, such that
it is not precluded that e.g. y[j] < y[j+1] . The following proposition guarantees
equilibrium existence for model (5.3) in case of strategic complements as well
as strategic substitutes.
Proposition 5.1 Equilibrium existence
For every combination {β, γ, x, } there exists at least one vector y ≡ (y1 , y2 ,
. . . , yN ) for which (5.3) holds.
Proof: See the Appendix.
In the proof, explicit equilibria are derived for every combination {β, γ, x, },
although for the case with strategic complements, an alternative proof can be
given, based on the supermodular character of the game. It is worth menN
tioning that for the equilibria given in the proof, |k| = | i=1 yi | decreases
monotonically to 0 (1) as γ → −∞ for N even (N odd). In the next subsection, it will become clear that this result holds more generally: in equilibrium,
the diﬀerence between the number of agents choosing y = 1 and the number
of agents choosing y = −1, is smaller when γ is more negative, other things
equal.

5.4.2

Multiple equilibria

In section 5.3, we observed that multiple equilibria may occur for certain combinations of variables and parameter values. In this section, I will derive strict
upper bounds for Q(β, γ, x, , N ). It turns out that the situation with strategic
γ 
γ > 0. On the contrary, with Ỹi as underlying support, N−1
j=i yj = 0 irrespective of γ,
such that social interactions cannot oﬀer an explanation.
6 Note that given N , only those values of k for which N + k is an even number are possible.
This follows from the observation that k = a · 1 − (N − a), a ∈ {0, 1, . . . , N } can be rewritten
as N + k = 2a.
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substitutes (γ < 0) is characterized by fundamentally diﬀerent equilibrium behavior than the one with strategic complements (γ > 0). Moreover, it makes a
diﬀerence whether the population has an even or an odd number of members.
In section 5.4.3, two examples are provided which illustrate the results for the
case with strategic substitutes.
The proof of proposition 5.2 for strategic complements uses lemma 4.1 which
is repeated here for convenience.
Lemma 5.1 Let γ > 0. Suppose model (5.3) has an equilibrium y. Then
min zi −

{i|yi =1}

max

{i|yi =−1}

zi >

2γ
,
N −1

where zi ≡ β  xi + i .
The lemma’s eﬀect is that it restricts the maximum number of potential
equilibria to N + 1. The following observation is an immediate consequence of
lemma 5.1:
1 In any equilibrium the agents with yi = 1 are those with the largest values
for zi .
Now consider two vectors y and ỹ that diﬀer in one element only. Without
loss of generality, assume that yi = 1 and ỹi = −1 for some i. Deﬁne y−i ≡
(y1 , y2 , . . . , yi−1 , yi+1 , . . . , yN ) and ỹ−i ≡ (ỹ
. . . , ỹN ) . Since
1 , ỹ2 , . . . , ỹi−1 , ỹi+1 , 
γ
γ
∗
y−i = ỹ−i , it follows that yi = zi + N −1 j=i yj = zi + N −1 j=i ỹj = ỹi∗
given a combination of {β, γ, x, }. This implies that yi = ỹi and we arrive at
a contradiction. Note that this result holds irrespective of γ being positive or
negative. The following observation is thus obtained:
2 Two vectors y and ỹ that diﬀer in only one element cannot belong both
to the set of equilibria.
The following proposition states that for a situation with strategic complements, the maximal number of equilibria grows linearly in N . The second part
ensures that the upper bound on the number of equilibria is strict.
Proposition 5.2 Maximum number of equilibria (strategic complements)
For every combination {β, γ > 0, x, }, the discrete interaction model (5.3) with
N agents can have at most d(N ) distinct equilibria, with
d(N ) = 

N
+ 1.
2

(5.5)

Moreover, for every number N , there exists a combination of {β, γ > 0, x, }
for which Q(β, γ, x, , N ) = d(N ).
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Proof Proposition 5.2: From observations 1 and 2 it directly follows that the
number of equilibria for a given combination of {β, γ > 0, x, } can be at most
d =  N2 + 1, where w denotes the largest integer not larger than w. To give
an example, assume that the number of agents N = 8. Due to observations 1
and 2, the strategy proﬁles of the diﬀerent equilibria must be strictly ordered
and diﬀer in at least two elements. This leaves the following ﬁve strategy
proﬁles as the only candidates:
(1, 1, 1, 1, 1, 1, 1, 1); (1, 1, 1, 1, 1, 1, −1, −1); (1, 1, 1, 1, −1, −1, −1, −1);
(1, 1, −1, −1, −1, −1, −1, −1); (−1, −1, −1, −1, −1, −1, −1, −1).
According to the proposition, the maximum number of equilibria can indeed
be at most 5, since  N2 + 1 = 5 when N = 8.
The proof of the second part – the upper bound on the number of equilibria
is strict – runs as follows. Denote the d equilibria that are to be sustained as7
y1

=

y2

=

yj

=

yd

=

(1, 1, . . . , 1)

(1, . . . , 1, −1, −1)
(1, . . . , 1, −1, −1, −1)
..
.

if N is even,
if N is odd,



(1, . . . , 1N −2(j−1) , −1N −2(j−1)+1 , . . . , −1)
(1, . . . , 1N −2(j−1)−1 , −1N −2(j−1) , . . . , −1)
with j = 3, . . . , d − 1.

if N is even,
if N is odd,

(−1, −1, . . . , −1) .

First note that y1 can be sustained as an equilibrium outcome if and only
if z[N ] > −γ and that yd can be sustained as an equilibrium outcome if and
only if z[1] ≤ γ. Further note that yd−i , i = 1, . . . , d − 2 can be sustained
−4i+1
−4i−1
as equilibria if and only if z[2i] > γ NN
and z[2i+1] ≤ γ NN
−1
−1 . The fact
that these necessary and suﬃcient conditions on the values of z can be satisﬁed
simultaneously completes the proof.

In the proof of the corresponding proposition for the case with strategic substitutes, I will make use of the following two lemma’s:
Lemma 5.2 If for a given combination {β, γ < 0, x, }, y and ỹ are both
N
N
equilibria of (5.3), then i=1 yi = i=1 ỹi .
The proof of lemma 5.2 uses the following result:
7 When N is odd, there has to be one equilibrium that diﬀers in at least three elements
when compared to any of the other equilibria. Without loss of generality I assume the last
three elements of y to be the three elements that move together.

5.4 Equilibrium properties

95

Lemma 5.3 If for a given combination {β, γ < 0, x, } there exists an equilibrium y with y[j] = −1 and y[j+1] = 1, then there also exists an equilibrium ỹ
with ỹ[j] = 1 and ỹ[j+1] = −1 and ỹ[i] = y[i] for i = j, j + 1.
Proofs Lemma 5.2 and 5.3: See the Appendix.
The message of lemma 5.2 is that for 
a given value
γ < 0, two diﬀerent
of
N
N
equilibria y and ỹ can co-exist only if
i=1 yi =
i=1 ỹi . That is, both
equilibria must have the same number of subjects with outcome +1 and with
outcome −1.
NRepeated application of lemma 5.3 shows that a strategy proﬁle y with
i=1 yi = k can only be an equilibrium if the ordered (with respect to the zi ’s)
strategy proﬁle y = (11 , 12 , . . . , 1k , −1k+1 , . . . , −1N ) is an equilibrium. This
result will prove to be useful later on in deriving upper bounds for the number
of equilibria that may be sustained for a given value of γ.
Proposition 5.3 Maximum number of equilibria (strategic substitutes)
For every combination {β, γ < 0, x, }, the discrete interaction model (5.3) with
N agents can have at most d(N ) distinct equilibria, with
d(N ) = de (N ) =
d(N ) = do (N ) =

N!
if N is even, and
(N/2)!(N/2)!
N!
if N is odd.
{(N + 1)/2}!{(N − 1)/2}!

Moreover, for every even (odd) number N , there exists a combination of {β, γ <
0, x, } for which Q(β, γ, x, , N ) = de (N ) (Q(β, γ, x, , N ) = do (N )).
Proof Proposition 5.3: The ﬁrst part follows from lemma 5.2 by noting
N that the
maximum number of possible equilibria subject to the condition i=1 yi = k is
obtained when k is chosen to equal 0 (+1 or −1) when N is even (odd). In that
case, there are N/2 (N/2 + 1 or N/2 − 1) agents choosing +1 and the others
choosing −1, giving the upper bounds on the number of possible equilibria as
given by d(N ) in proposition 5.3.
What is left to show is that there exists a combination of {β, γ < 0, x, } for
which the maximum number of equilibria is obtained. From lemma 5.2 we know
that, given a combination of {β, γ < 0, x, }, every element in the equilibrium
set must have the same number of agents choosing y = 1. For N is even, the set
can thus only have de (N ) elements when the set contains all strategy proﬁles
for which the number of agents choosing y = 1 equals the number of agents
choosing y = −1. For each of these proﬁles to be an equilibrium,
it must be

optimal for each agent i tochoose yi = 1 given that j=i yj = −1 and to
choose yi = −1 given that j=i yj = 1. In particular, it must hold that
1
N −1
−1
z[N ] + γ
N −1
z[1] + γ

≤

0 and;

>

0.
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For γ negative enough, this condition is satisﬁed irrespective of the values of
z[1] , . . . z[N ] .
For N is odd, the equilibrium set can only contain do (N ) elements when the
N
set contains all strategy proﬁles for which i=1 yi = 1 or all strategy proﬁles
N
for which i=1 yi = −1. The necessary and suﬃcient conditions for each of

the proﬁles with N
i=1 yi = 1 to be an equilibrium, are
z[1] + γ

2
≤0
N −1

and

z[N ] > 0,

and the corresponding conditions for the strategy proﬁles with
are
z[1] ≤ 0

and z[N ] + γ

−2
> 0.
N −1

(5.6)
N
i=1

yi = −1

(5.7)

From these conditions it follows that the equilibrium set with do (N ) elements
N
N
for which i=1 yi = 1 ( i=1 yi = −1) is only obtainable when all z values are
positive (non-positive). Together this proves proposition 5.3.

Proposition 5.3 states that for the case with strategic substitutes — as in
the case with strategic complements — the upper bound on the number of
equilibria is strict. However, a notable diﬀerence with proposition 5.2 is that
the maximal number of equilibria does not grow linearly but exponentially in
e
o
)
)
= 2 for all even N and limN →∞ ded(N(N−1)
↑ 2 for N odd.
N . Note that dod(N(N−1)
That is, (in the limit) adding one agent to the population doubles the upper
bound on the number of equilibria.
Lemma 5.2 and
observation that for the equilibria in the proof of propothe
N
sition 5.1, |k| = | i=1 yi | monotonically decreases as γ → −∞, together lead
to the corollary8 that for all equilibria, |k| decreases monotonically to 0 (1)
as γ → −∞, given N even (odd). This result is consonant with intuition:
variation in behavior increases when the utility derived from being diﬀerent
increases.
Corollary 5.1 For the equilibria y of the discrete choice interaction model
given by (5.3),
|

N


yi |  0 as γ → −∞ and N is even,

i=1

|

N


yi |  1

as γ → −∞ and N is odd.

i=1

N
8 The corresponding result for positive interactions is that |
i=1 yi |  N as γ → ∞.
That is, in the limit all agents conform to y = 1 or to y = −1 regardless of their private
utility such that variation in behavior is minimized.
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Figure 5.2: Development of the number of equilibria as γ decreases in a group
of four agents, with z[1] = 4, z[2] = 2.5, z[3] = 2 and z[4] = −3.

5.4.3

Examples

In order to provide some further intuition for the results derived for strategic
substitutes, I will present two examples in this section.
Example 1 Consider four agents with private utilities z[1] = 4, z[2] = 2.5, z[3] =
2 and z[4] = −3. Thus, without interactions (γ = 0), the unique equilibrium is
4
y = (1, 1, 1, −1) and k = i=1 yi = 2. How does the set of equilibria change
when γ decreases? From corollary 5.1 we know that |k| decreases monotonically to zero (since N is even) as γ → −∞. For this reason, it is natural to ask
ﬁrst for the conditions under which other equilibria with k = 2 are admissible.
Consider the outcome in which the y-values of agents 3 and 4 have switched,
y = (1, 1, −1, 1). For this outcome to be an equilibrium, the utility diﬀerence
of smoking has to be non-positive for agent 3 and positive for agent 4. That
k−1
is: a) z[3] + γ Nk+1
−1 = 2 + γ ≤ 0, and b) z[4] + γ N −1 = −3 + γ/3 > 0. (See the
solid lines in ﬁgure 5.2.) It folllows (from the ﬁgure) that the second condition
cannot be satisﬁed for γ < 0 and for this reason, no other equilibria with k = 2
are obtained when γ decreases.
Moreover, one knows (see ﬁgure 5.2) that all equilibria with k = 2 become
infeasible when, given k = 2, the third agent’s utility from smoking turns
k−1
negative, that is z[3] + γ N
−1 = 2 + γ/3 ≤ 0, which happens at −γ = 6. Thus,

98

Equilibrium Properties of Finite Binary Choice Games

Figure 5.3: Development of the number of equilibria as γ decreases in a group
of four agents, with z[1] = 4, z[2] = 2.5, z[3] = 2 and z[4] = 1.

for values of −γ ≥ 6, only those equilibria are admissible in which at least
two agents choose y = −1. The equilibrium is unique for values of −γ slightly
larger than 6: agent 3 and 4 choose y = −1 and the other two y = +1. As −γ
becomes larger than 7.5, a second equilibrium is possible (y = (1, −1, 1, −1)),
k−1
since now z[2] + γ N
−1 = 2.5 + γ/3 ≤ 0. If −γ gets lager than 9, again an
equilibrium is added (y = (1, −1, −1, 1)) since — given the choice of the other
agents — the utility diﬀerence to choosing y = 1 is now positive for agent 4.
Eventually, the number of equilibria in the set doubles when −γ ≥ 12 (and
attains it’s maximum value de (N ) = 6; see the dashed lines in ﬁgure 5.2).

Example 2 The previous example might lead to the impression that the set
of possible equilibria increases as −γ increases. In general, this is not the case.
Consider the slightly diﬀerent example with z[1] = 4, z[2] = 2.5, z[3] = 2 and
z[4] = 1. (See ﬁgure 5.3.) For values of −γ just below 3, the equilibrium
set consists of 3 diﬀerent equilibria, all having one agent choosing y = −1:
y = (1, 1, 1, −1), y = (1, 1, −1, 1) and y = (1, −1, 1, 1). For values of −γ just
above 3, given that exactly one agent chooses y = −1, this agent must be agent
4, since then z[4] + γ/3 < 0.
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Figure 5.4: The expected number of equilibria of model (5.3) for N ∈
{3, 4, 5, 6}, β  xi = 5 and i ∼ N (0, 1), ∀i.

5.4.4

Expected number of equilibria

In section 5.4.2, upper bounds for the number of admissible equilibria were
derived for every combination of {β, γ, x, }. In this section, I will focus on the
expected number of equilibria given a combination {β, γ, x, N }.
With independently and identically distributed disturbances i , the expected number of equilibria can be expressed as
%
E[Q(β, γ, x, N )] = Q(β, γ, x, , N )dF ().
Equation (5.4) for Q(·) implies that E[Q(β, γ, x, N )] reduces to




  1+yit 
 1−yit
2
2
2N
N



#

γ

,
 1 − F  −β  xi − γ
yjt  
F  −β  xi −
yjt 


N
−
1
N
−
1
t=1 i=1
j=i
j=i

with F (·) the cumulative distribution function of the i ’s.
Using this expression and making some fairly general assumptions on the
distribution of the ’s, proposition 5.4 can be derived. This proposition describes how the expected number of equilibria changes with γ for a binary
choice game with N agents.
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Proposition 5.4 Expected number of equilibria
Assume that the i ’s in (5.3) are i.i.d. distributed according to a symmetric
p.d.f. f (·).
Then for N ≤ 3, ∂E[Q(β, γ, x, N )]/∂γ is non-positive for γ ∈ (−∞, 0) and
non-negative for γ ∈ (0, +∞). In particular,
∂E[Q(β, 0, x, N )]
= 0 , and,
∂γ

lim

γ→−∞

∂E[Q(β, γ, x, N )]
∂E[Q(β, γ, x, N )]
= lim
= 0.
γ→+∞
∂γ
∂γ

For N > 3, ∂E[Q(β, γ, x, N )]/∂γ may change sign at points other than γ = 0.
Proof: See the Appendix.
In ﬁgure 5.4, the expected number of equilibria is plotted for N = 3, 4, 5
and 6 for the speciﬁc case where agents are homogenous with respect to deterministic private utility (β  xi = 5, ∀i) and where the ’s are assumed to be
i.i.d. N (0, 1) distributed. One observes that E[Q(β, γ, x, 3)] (the solid line)
is non-increasing in the domain γ ∈ (−∞, 0) but that in the same domain,
E[Q(β, γ, x, N )] has decreasing as well as increasing parts for N ∈ {4, 5, 6}.
These oscillations are a consequence of changes in the set of equilibria as γ
changes value. Example 2 in the previous section gives a particular example
of how the number of equilibria may increase as well as decrease as gamma
becomes more negative. Note that proposition 5.4 imposes no assumptions on
the value of the β  xi ’s.
Figure 5.4 shows that for a broad range of γ, the expected number of equilibria is well below the upper bound. In particular, the range for which this
holds seems to increase with N . Notice that especially for positive values of γ,
multiple equilibria do not seem to be an important issue.9

5.5

Extension to more general interactions

The model considered so far only allows for identical interactions between all
individuals in the population. One can think of more general interactions,
where the degree of interaction between two given individuals depends on e.g.
their socio-economic characteristics. In this section, I will brieﬂy discuss the
consequences of one particular extension of the model given by (5.3), in which
the degree of interaction is made gender-dependent. This leads to four diﬀerent
interaction parameters: γGB gives the eﬀect of boys on girls; γBG from girls
9 This is consonant with the result in section 4.4, where in most cases the probability of
an unique equilibrium was estimated to be larger than 80 percent.
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on boys, and γGG and γBB the intra-gender eﬀects between girls and boys,
respectively. Specify
 ∗
 yi = β  xi + Si + i
yi = 1
if yi∗ > 0,
(5.8)

yi = −1
if yi∗ ≤ 0,
where

&

Si =


G
(γGG N
=i y j
j=1,j
N
(γBG j=1 yjG


+γGB N
yjB
j=1
N
+γBB j=1,j=i yjB

)/(N − 1) if i is a girl,
)/(N − 1) if i is a boy,

with yjG ≡ yj · I(j is a girl) and yjB ≡ yj · I(j is a boy), ∀j, and I(·) an indicator
function. This is exactly the model that was estimated empirically in chapter
4.
Corollary 5.2 For every combination {β, γBB ≥ 0, γGG ≥ 0, γGB , γBG , x, }
there exists at least one vector y ≡ (y1 , y2 , . . . , yN ) for which (5.8) holds.
Proof: See the Appendix.
The equivalent of proposition 5.2 for the extended model follows automatically:
Corollary 5.3 For every combination {β, γBB > 0, γGG > 0, γGB , γBG , x, },
the discrete interaction model given by (5.8) with NG girls and NB boys can
have at most d∗ (NB , NG ) distinct equilibria, where
d∗ (NB , NG )

= 

NG
NB
+ 1 · 
+ 1.
2
2

Moreover, for all NG and NB , there exists a combination of {β, γBB > 0, γGG >
0, γGB , γBG , x, } for which the maximum number of equilibria is obtained.
It is noteworthy that the values of the cross-gender interaction parameters γGB and γBG do not play a role in determining the maximum number of
equilibria.

5.6

Conclusions

In this chapter, a number of equilibrium properties were derived for the binary
choice interaction model with a ﬁnite number of agents. Both for the case
with strategic complements and strategic substitutes, equilibrium existence was
proved and tight upper bounds were derived for the number of equilibria, given
the number of agents and the degree of interaction between them.
For the case with strategic substitutes, I showed that two outcomes can
only be both an equilibrium outcome if for each of them the same number of
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agents chooses +1. When the number of agents is larger than 3, the expected
number of equilibria is non-monotone with respect to changes in the degree of
interaction γ. I also brieﬂy discussed the consequences for the equilibrium set
when the model is extended to allow for gender-dependent interactions. The
main ﬁnding here is that the introduction of cross-gender interactions does not
aﬀect the upper bounds for the number of equilibria.
One major challenge for future research is to incorporate more general interaction structures in empirical work, by allowing interaction parameters to
depend on socio-economic characteristics. Another is to develop an eﬃcient
algorithm for ﬁnding all equilibria in games with strategic substitutes.
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Appendix: Proofs

Proof of Proposition 5.1: Equilibrium existence
The case for γ = 0 is obvious. I prove proposition 5.1 for the game with
strategic complements (γ > 0) and the game with strategic substitutes (γ < 0)
separately. For the ﬁrst case, existence can be readily proved by showing that
the game described in section 5.3 belongs to the class of supermodular games.
Existence then immediately follows from using Theorem 5 in Milgrom and
Roberts (1990, p. 1265). In this appendix however, I will follow for both
cases the alternative route of proving equilibrium existence through ﬁnding an
explicit equilibrium for all combinations of {β, γ, x, }. The main reason is that
this procedure gives more insight into some of the peculiarities of the model.
Strategic complements (γ > 0)
Every possible combination of {β, γ > 0, x, } clearly falls into one of the three
following categories
(i) z[1] ≤ 0;
(ii) z[N ] > 0;
(iii) z[1] > 0, z[N ] ≤ 0.
I show that for each z in every category there is an associated y for which (5.3)
holds, for all values γ > 0.
(i) z[1] ≤ 0:
yi = −1, i = 1, 2, . . . , N (k = −N ) is an equilibrium solution, since
−1
N −1
∗
∗
y[1]
= z[1] − γ N
N −1 ≤ 0. This implies that y[i] ≤ 0 ∀i since γ N −1 is a
constant and z[i] weakly decreases with i.
(ii) z[N ] > 0:
∗
=
yi = 1, i = 1, 2, . . . , N (k = N ) is an equilibrium solution, since y[i]
N −1
z[i] + γ N −1 > 0, ∀i.
(iii) z[1] > 0, z[N ] ≤ 0:
−1)
Deﬁne M ≡ 0 if z[j] ≤ −γ (2j−N
N −1  , ∀j, j ∈ {1, 2, . . . , N } and M ≡

−1)
; ∀j ≤ i otherwise. Five examples of searg maxi z[j] > −γ (2i−N
N −1
quences of z[i] with N = 6 and γ = 1 are plotted in ﬁgure 5.5 together
with the corresponding values of M . The solid line represents the equa−1)
.
tion z[i] = −γ (2i−N
N −1
If M = 0, y[i] = −1, i = 1, 2, . . . , N is an equilibrium solution, since
∗
y[i]
= z[i] − γ ≤ z[1] − γ ≤ 0, ∀i. (See the +-sequence in ﬁgure 5.5.)
If M > 0, y[i] = 1 for i = 1, 2 . . . , M and y[i] = −1 for i = M + 1, M +
2, . . . , N (k = M − [N − M ] = 2M − N ) is an equilibrium solution, since

104

Equilibrium Properties of Finite Binary Choice Games

2
M=6
M=4
M=3
M=6
M=0

1.5
1

z

[i]

0.5
0
−0.5
−1
−1.5
−2
0

1

2

3

i

4

5

6

Figure 5.5: Five
 examples of z[i] -sequences and the corresponding solutions for
−1)
; ∀j ≤ i for the case with N = 6 and γ = 1.
M ≡ arg maxi z[j] > −γ (2i−N
N −1
−1
∗
∗
∗
y[i]
= z[i] +γ 2M−N
> 0 for i = 1, 2, . . . , M and y[j]
≤ y[M+1]
= z[M+1] +
N −1

−1
+1
= z[M+1] + γ 2(M+1)−N
≤ 0 for all j = M + 1, M + 2, . . . , N .
γ 2M−N
N −1
N −1

Note that for sequences of z[i] ’s for which M = N (like the sequence of
circles and x-es in ﬁgure 5.5), y[i] = −1, i = 1, 2, . . . , N is another equilibrium solution if and only if z[1] ≤ γ. In ﬁgure 5.5, this condition holds
for the sequence of x-es but not for the sequence of circles.


Strategic substitutes (γ < 0)
In this case, I distinguish between the case where the number of subjects N is
even and the case where this number is odd.


N even Let γ < 0. Deﬁne m ≡ arg maxi z[i] > 0 . Suppose that m >
N/2, that is, the majority of the subjects have a value of z greater than

z[m] (N −1)
zero. Deﬁne the non-overlapping non-empty intervals I0 ≡ 0, 2m−N
−1 ;


z[N/2+1] (N −1)
Im−N/2 ≡ 2(N/2+1)−N −1 , ∞ = [z[N/2+1] (N − 1), ∞) and, if m > N/2 + 1,


z[m−r+1] (N −1)
z[m−r] (N −1)
Ir ≡ 2(m−r+1)−N
−1 , 2(m−r)−N −1 , for r = 1, 2, . . . , m − N/2 − 1.
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First consider the case m > N/2+1. Since the intervals are non-overlapping
and since I0 ∪ I1 ∪ . . . ∪ Im−N/2 = [0, ∞), −γ is in one and only one of these
intervals. If −γ ∈ I0 , y = (1, 1, . . . , 1m , −1, . . . , −1) , (k = 2m − N ) is an
−1
∗
∗
≥ . . . ≥ y[m]
= z[m] + γ 2m−N
> 0 and
equilibrium, since for this solution y[1]
N −1
2m−N +1
∗
∗
y[N ] ≤ . . . ≤ y[m+1] = z[m+1] + γ N −1 ≤ 0. If −γ ∈ Ir , for r = 1, 2, . . . , m −
N/2−1, y = (1, 1, . . . , 1m−r , −1, . . . , −1) (k = 2(m−r)−N ) is an equilibrium,
−1
∗
∗
≥ . . . ≥ ym−r
= z[m−r] + γ 2(m−r)−N
> 0 and
since for this solution y[1]
N −1
2(m−r)−N +1
∗
∗
≤ 0. If −γ ∈ Im−N/2 , y =
y[N
] ≤ . . . ≤ y[m−r+1] = z[m−r+1] + γ
N −1

(1, 1, . . . , 1N/2 , −1, . . . , −1) (k = 0) is an equilibrium, since for this solution
∗
∗
∗
∗
≥ . . . ≥ y[N/2]
= z[N/2] + γ N−1
y[1]
−1 > 0 and y[N ] ≤ . . . ≤ y[N/2+1] = z[N/2+1] +
γ N 1−1 ≤ 0.
If m = N/2 + 1, then I0 ∪ Im−N/2 = I0 ∪ I1 = [0, ∞). Applying similar
reasoning, one can verify that y = (1, 1, . . . , 1N/2+1 , −1, . . . , −1) , (k = 2) is an
equilibrium when −γ ∈ I0 and that y = (1, 1, . . . , 1N/2 , −1, . . . , −1) (k = 0)
is an equilibrium when −γ ∈ I1 .
If m = N/2, then y = (1, 1, . . . , 1N/2 , −1, . . . , −1) is an equilibrium for
∗
∗
≥ . . . ≥ y[N/2]
= z[N/2] + γ N−1
all −γ ∈ (0, ∞), since y[1]
−1 > z[N/2] > 0 and
1
∗
∗
y[N ] ≤ . . . ≤ y[N/2+1] = z[N/2+1] + γ N −1 < z[N/2+1] ≤ 0.
Due to symmetry, the above argument can be applied for m < N/2 with
m replaced by m̃ ≡ N − m ≥ N/2 and the roles of the outcomes +1 and -1
interchanged.

N odd The above argument can also be applied for odd N . Suppose that m'>


z[m] (N −1)
z[(N +1)/2+1] (N −1)
,∞ =
(N +1)/2 and deﬁne I0 ≡ 0, 2m−N
−1 , Im−(N +1)/2 ≡
2( N2+1 +1)−N −1




z[(N +1)/2+1] (N −1)
z[m−r+1] (N −1)
z[m−r] (N −1)
,
∞
and,
if
m
>
(N
+1)/2+1,
I
≡
,
r
2
2(m−r+1)−N −1 2(m−r)−N −1 ,

for r = 1, 2, . . . , m − (N + 1)/2 − 1.
Taking the case that m > (N + 1)/2 + 1, it follows that for −γ ∈ I0 , y =
(1, 1, . . . , 1m , −1, . . . , −1) (k = 2m − N ) is an equilibrium; for −γ ∈ Ir , r =
1, 2, . . . , m−(N +1)/2−1, y = (1, 1, . . . , 1m−r , −1, . . . , −1) (k = 2(m−r)−N )
is an equilibrium; and for −γ ∈ Im−(N +1)/2 , y = (1, 1, . . . , 1(N +1)/2 , −1, . . . , −1)
(k = 1) is an equilibrium.
If m = (N +1)/2+1, then I0 ∪Im−(N +1)/2 = I0 ∪I1 = [0, ∞). Applying similar reasoning, one can verify that y = (1, 1, . . . , 1(N +1)/2+1 , −1, . . . , −1) (k =
3) is an equilibrium when −γ ∈ I0 and that y = (1, 1, . . . , 1(N +1)/2 , −1, . . . , −1)
(k = 1) is an equilibrium when −γ ∈ I1 .
If m = (N + 1)/2, then y = (1, 1, . . . , 1(N +1)/2 , −1, . . . , −1) is an equilib∗
∗
rium for all −γ ∈ (0, ∞), since y[1]
≥ . . . ≥ y[(N
+1)/2] = z[(N +1)/2] + γ · 0 > 0
∗
∗
and y[N ] ≤ . . . ≤ y[(N +1)/2+1] = z[(N +1)/2+1] + γ N2−1 < z[N/2+1] ≤ 0. Again,
the case with m < (N + 1)/2 follows from symmetry.
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Proof of Lemma 5.2

N
N
Suppose that y with i=1 yi = k and ỹ with i=1 ỹi = k̃ and k̃ = k are both
equilibria of (5.3), given a combination {β, γ < 0, x, }. From lemma 5.3 it
follows that this is true only if yk = (11 , 12 , . . . , 1 N +k , −1 N +k+2 , . . . , −1N ) and
2

2

yk̃ = (11 , 12 , . . . , 1 N +k̃ , −1 N +k̃+2 , . . . , −1N ) are both equilibria given {β, γ <
2

2

0, x, }. Assume without loss of generality that k̃ > k, that is: k̃ − k ≥ 2. Let ν
be the ﬁrst subject whose choice is −1 in equilibrium yk and +1 in equilibrium
yk̃ . Then, for this subject
z[ν] + γ

k+1
k̃ − 1
≤ 0 and z[ν] + γ
> 0.
N −1
N −1

But also
z[ν] + γ

k̃ − 1
k̃ − k + k + 1 − 2
k+1
(k̃ − k) − 2
= z[ν] + γ
= z[ν] + γ
+γ
≤ 0,
N −1
N −1
N −1
N −1
)*
+ (
)*
+
(
≤0

≤0



and the contradiction follows.

Proof of Lemma 5.3
From the fact that y is an equilibrium with y[j] = −1 and y[j+1] = 1, it follows
that
k+1
∗
y[j]
≤0
= z[j] + γ
N −1
k−1
∗
y[j+1]
> 0.
= z[j+1] + γ
N −1
However, since γ < 0, we have
k−1
k−1
∗
ỹ[j]
≥ z[j+1] + γ
>0
= z[j] + γ
N −1
N −1
k+1
k+1
∗
ỹ[j+1]
≤ z[j] + γ
≤ 0.
= z[j+1] + γ
N −1
N −1
It then follows that ỹ with ỹ[i] = y[i] for i = j, j +1 and ỹ[j] = 1 and ỹ[j+1] = −1
is also an equilibrium.


Proof of Corollary 5.2
γGB

N

yB

γBG

N

yG

j=1 j
j=1 j
Deﬁne ∀i, ziG ≡ β  xi +
+i if i is a girl and ziB ≡ β  xi +
+
N −1
N −1
G
B
i if i is a boy. Denote the ordered values of ziG (ziB ) as z[i]
(z[i]
) such that
G
G
B
B
≥ z[2]
≥ . . . ≥ z[NG ] (z[1]
≥ z[2]
≥ . . . ≥ z[NB ] ), with NG (NB ) denoting the
z[1]
total number of girls (boys) in the sample.
The line of reasoning used in the proof of proposition 5.1 now can be applied
G
B
to the subset of girls (boys), with z[i] replaced by z[i]
(z[i]
) and γ replaced by
γGG (γBB ).


5.7 Appendix: Proofs

107

Proof of Proposition 5.4
Suppose the disturbances i are i.i.d. 
according to a symmetric p.d.f. f (·),
such that f (−x) = f (x). Deﬁne mit ≡ j=i yjt /(N − 1) for all i = 1, 2, . . . , N
and t = 1, 2, . . . , 2N . Then
N

E[Q(β, γ, x, N )] =

2 #
N


F (β  xi + γmit )

1+yit
2

F (−β  xi − γmit )

1−yit
2

.

t=1 i=1

It then follows that
∂E[Q(β, γ, x, N )]
=
∂γ




2N 
N

#
1+yjt
1−yjt
 F (β  xj + γmjt ) 2 F (−β  xj − γmjt ) 2  ·

t=1
i=1
j=i
- .
,
1+yit
1−yit
∂[F (β  xi + γmit ) 2 F (−β  xi − γmit ) 2 ]
.
∂γ
In this expression, ∂[F (β  xi + γmit )
rewritten as

1+yit
2

F (−β  xi − γmit )

1−yit
2

]/∂γ can be

yit −1
1−yit
1 + yit
mit f (β  xi + γmit )F (β  xi + γmit ) 2 F (−β  xi − γmit ) 2 −
2

yit +1
yit +1
1 − yit
mit f (−β  xi − γmit )F (−β  xi − γmit )− 2 F (β  xi + γmit ) 2
2

mit
=
2

,/

F (β  xi + γmit )
F (−β  xi − γmit )

-yit
f (β  xi + γmit )·

F (−β  xi − γmit )/F (β  xi + γmit ) − 1
0
+ yit
F (−β  xi − γmit )/F (β  xi + γmit )

,

F (−β  xi − γmit )/F (β  xi + γmit ) + 1
0
F (−β  xi − γmit )/F (β  xi + γmit )

-

= yit mit f (β  xi + γmit ).
The correctness of the last equation is easily veriﬁed by inserting yit = 1 and
yit = −1. As a result
∂E[Q(β, γ, x, N )]
=
∂γ



 
2N  
N

1+yjt
1−yjt
#



 yit mit f (β  xi + γmit · 
F (β  xj + γmjt ) 2 F (−β  xj − γmjt ) 2   .


t=1

i=1

j=i
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For N = 2, ∂E[Q(β, γ, x, N )]/∂γ reduces to
[F (β  x2 + γ) − F (β  x2 − γ)]f (β  x1 + γ)+
[F (−β  x2 + γ) − F (−β  x2 − γ)]f (β  x1 − γ)+
[F (β  x1 + γ) − F (β  x1 − γ)]f (β  x2 + γ)+
[F (−β  x1 + γ) − F (−β  x1 − γ)]f (β  x2 − γ),
and for N = 3 to
[F (β  x2 + γ)F (β  x3 + γ) − F (β  x2 )F (β  x3 )]f (β  x1 + γ)+
[F (β  x1 + γ)F (β  x3 + γ) − F (β  x1 )F (β  x3 )]f (β  x2 + γ)+
[F (β  x1 + γ)F (β  x2 + γ) − F (β  x1 )F (β  x2 )]f (β  x3 + γ)+
[F (−β  x2 + γ)F (−β  x3 + γ) − F (−β  x2 )F (−β  x3 )]f (β  x1 − γ)+
[F (−β  x1 + γ)F (−β  x3 + γ) − F (−β  x1 )F (−β  x3 )]f (β  x2 − γ)+
[F (−β  x1 + γ)F (−β  x2 + γ) − F (−β  x1 )F (−β  x2 )]f (β  x3 − γ).
One readily observes that for γ < 0 (γ > 0) the terms within brackets are all
non-positive (non-negative). In the same way, one can show that this is not
true for values of N > 3. This completes the proof.


Chapter 6

Anonymity in Giving in a
Natural Context — A Field
Experiment in Thirty
Churches
“Du bist vorschnell” beharrte Ulrich. “Wissenschaft ist nur dort
möglich, wo sich die Geschehnisse wiederholen oder doch kontrollieren lassen, . . .
Musil (p. 377)

6.1

Summary and overview

The role of anonymity in giving is examined in a ﬁeld experiment performed
in thirty Dutch churches. For a period of 29 weeks, the means by which offerings are gathered is determined by chance, prescribing for each oﬀering the
use of either ‘closed’ collection bags or open collection baskets. When using
baskets, attendants’ contributions can be identiﬁed by their direct neighbors,
and attendants can observe the total amount given by the people who preceded
them.
Initially, contributions to the services’ second oﬀerings increase by 10%
when baskets are used, whereas no eﬀect is found for ﬁrst oﬀerings. The positive
eﬀect of using baskets peters out over the experimental period. Additional data
on the coins collected show that in both oﬀerings, people switch to giving larger
coins when baskets are used.
This chapter is a slightly adapted version of Soetevent (2003). I thank the Netherlands
Organization for Scientiﬁc Research (NWO) and the vakgroepfonds Algemene Economie for
ﬁnancial support.
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6.2

Anonymity in Giving — A Field Experiment

Introduction

How does anonymity aﬀect giving? Recently, this question has been addressed
in some experimental public good games (Andreoni and Petrie, forthcoming;
Rege and Telle, forthcoming). These studies ﬁnd that contributions increase
when subjects are unmasked, indicating that – besides economic motivations –
there is a role for social incentives in giving. Subjects act on the circumstance
that they can see what others give and that their giving decisions are observed
and potentially evaluated by other subjects. Intuition suggests that the extent
to which subjects care about this evaluation by others is dependent on the
social ties that exist between them.
Van Dijk et al. (2002) prove that social ties can indeed form between subjects participating in public good experiments, which validates the presence of
social ties as a potential explanation for the observed increase in contributions.
However, the ties formed between subjects in the laboratory are fundamentally diﬀerent from the ties that exist between individuals in repeated real-life
interactions. Consequently, it is not clear to which extent laboratory ﬁndings
on the eﬀect of anonymity on giving decisions can be extrapolated to real-life
situations. Ideally, one would like to observe the eﬀect of removing anonymity
on contribution decisions made by individuals in their natural habitat.
The ﬁeld experiment reported on in this chapter tries to accomplish exactly this, by implementing a change in the anonymity of giving to oﬀerings
in thirty Baptist churches in the Netherlands. In this particular environment,
one expects social ties to exist between congregation members and moreover,
that these ties are natural and relatively strong and stable. In the churches
considered, it is common to collect oﬀerings at least two times during service
by means of ‘closed’ collection bags that are passed by the attendants. These
bags are closed in the sense that attendants cannot infer the total amount already given by the attendants who preceded them and the amount given by
their nearest neighbors.
To examine the role of anonymity, the following treatment is imposed. For
a period of 29 weeks, the collection bags are randomly replaced with open
collection baskets. For each oﬀering, baskets are assigned with probability
0.5 (treatment group), bags are assigned otherwise (control group). By using
baskets, attendants can see both the amount given by their nearest neighbors
as well as the total amount given by the people who preceded them.
I test the hypothesis that anonymity aﬀects contribution levels by comparing the proceeds in the treatment group with the proceeds in the control group.
Using nonparametric tests I ﬁnd the interesting eﬀect that the replacement of
bags by baskets signiﬁcantly increases contributions to the second oﬀering,
whereas no treatment eﬀect is found for the ﬁrst oﬀering. This ﬁnding is corroborated by subsequent econometric analysis of the data. Estimates indicate
that the treatment increases proceeds of the second oﬀering by as much as 9.6
percent, although this eﬀect peters out over time.
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This diﬀerence in eﬀect is not expected on basis of experimental evidence
on public goods experiments. A possible explanation for this phenomenon may
be that the ﬁrst oﬀering’s proceeds are always earmarked to the parish itself,
whereas the second oﬀerings are mostly gathered for speciﬁc purposes outside
the own parish. For this reason, the ﬁrst oﬀering has mainly a public good
character and the second bears more resemblance to a charity good. This
conjecture is sustained by additional analysis on subsets of the data.
Three churches provided detailed information on the coins that were collected in each oﬀering. These data show that when baskets are used, the portion
of small coins (up to 20 eurocent) declines as churchgoers shift to giving larger
coins (1 and 2 euro). Though at odds with economic theory, the result compares to a ﬁnding in Burnham (2003) who reports an upward shift in modal gift
in an experimental dictator game when the anonymity of subjects is removed.
It further supports the hypothesis that social incentives like receiving approval
from others play an important role in giving and are triggered by the removal
of anonymity.
Van Dijk et al. (2002, p. 277) note that “it is diﬃcult to test the dynamics
of social ties and economic interaction by observing behavior in actual life.”
I believe that the particular setup of this ﬁeld experiment goes some way in
circumventing these problems by using the methodology of experimental economics to study a real-life economic interaction. The interaction of passing
bags or baskets by churchgoers is well-deﬁned and takes place periodically in a
more or less ﬁxed environment. Which channel of intermediation – bags or baskets – is used for the interaction is completely under control of the experimental
leader, who determines this by using a randomized scheme. However, admittedly, some interactions between parishioners, like for example the interactions
that take place between services, are not controlled.
One disadvantage as compared to laboratory experiments is that explanatory variables other than the means of gathering are liable to change during the
experimental period. Examples are weekly changes in the number of attendants
and their seating pattern (although some regularities are common), changes in
the purpose of the oﬀerings and the minister leading the service. Fortunately,
information on most of the covariates that possibly inﬂuence oﬀering proceeds
is available. I account for them in an econometric analysis of the data, of which
results are given in section 6.7. Another drawback is that individual contributions cannot be observed because for each oﬀering only aggregate amounts
are reported. This makes it for example impossible to pin down precisely the
number of people that make non-zero contributions to the oﬀerings.
On the other hand, this ﬁeld experiment in parishes has also some advantages relatively to laboratory experiments. First note that church attendants
do not primarily choose to participate in an experiment; they choose whether or
not to go to church. The assumption that no-one alters this decision due to the
introduction of baskets seems reasonable. Second, attendants have made for
years the contribution decision that is under investigation. As a result, there is
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no doubt that they understand the procedure and moreover, pre-experimental
data are available for analysis. A third advantage is that in their contribution
decision, church attendants allocate money they earned in their daily life and
not money given to them as an endowment by the experimenter or received by
performing an artiﬁcial task. Finally, the context of the church is credible in
the sense that attendants will not doubt that their and the other attendants’
contributions will indeed be used for the speciﬁed objective.1
One caveat should be kept in mind in deriving general policy recommendations for fund-raising institutions from the results presented here. Parishioners
may not be representative for the population of interest to fund-raisers. Joining church services may correspond to an attitude to giving that diﬀers from
that of the population at large.2 However, it is likely that the behavior of
parishioners is at least suggestive of the response of a more general population.
The chapter proceeds as follows. Section 6.3 gives the experimental setup
together with an outline of the institutions that are in force in the participating
churches. Section 6.4 discusses which social incentives may drive the eﬀect of
the basket-treatment. Furthermore, I review experimental results and results
from ﬁeld studies on the role of anonymity in giving behavior and the (small)
existing literature on giving in churches. Data are presented in section 6.5
and they are analyzed in sections 6.6 till 6.8. First, the eﬀect of the baskettreatment is identiﬁed nonparametrically in section 6.6. In section 6.7, a panel
data model is estimated to quantify the treatment eﬀect. Section 6.8 analyzes
the eﬀect using baskets on the type of coins given. Section 6.9 concludes.

6.3
6.3.1

Experimental design
Selection procedure

An invitation letter was sent to all 89 Baptist parishes in the Netherlands.
This letter stated in general terms that the University of Groningen intended
to start a research project on church oﬀerings and that participating parishes
could each receive a compensation of 300. Parishes should return a reply
form if they were interested to participate in the project.3 The questionnaire
1 For this reason, the setup is not subject to the critique of Frohlich, Oppenheimer and
Moore (2001). These authors argue that the role of self-interest of individuals in dictator
game experiments is systematically overstated through subjects doubting either the existence
of other subjects or the disposition of the money shared, or because they view the experiment
as a game.
2 Eckel and Grossman (2003) report that active membership in religious organizations is
one of the most important determinants of charitable giving. Iannaccone (1998) on the other
hand notes that religion seems to matter but that its impact is far from uniform.
3 The amount of 300 is not unreasonable, since in order to receive this amount, parishes
not only had to implement the experimental design, but they also had to collect historical
information on the proceeds and purpose of each individual oﬀering held from 1995 onward
and furthermore answer a questionnaire with general questions about the parish and the
parishioners. Examples are questions concerning the demographics of the parishioners and
the number and type of seats in the church building.
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and the instructions that were sent to the local church councils used a neutral
language. In particular, no reference was made to the role of anonymity in
giving.
45 parishes reacted positively; 30 of them were selected for participation,
based on the number of oﬀerings during service and geographical dispersion.4
The selected parishes are geographically dispersed across the country, with an
overrepresentation of parishes in the – rural – northern part of the country,
reﬂecting the fact that a large number of Baptist parishes are located in this
region. The sample is not biased toward particular small or large parishes.
Most of the selected parishes have two oﬀerings per service. Commonly, collection bags like the one depicted in ﬁgure 6.1a are used to gather the proceeds.5
Two parishes have standard an exit oﬀering, and one parish only rarely has a
second oﬀering.6 Celebration of the Lord’s supper – which in most parishes
takes place monthly – results in an additional (third) oﬀering during service in
21 parishes.7 At the Sunday of Easter and Pentecost, 3 respectively 2 churches
have only one oﬀering with a special purpose. The proceeds of these so-called
‘gratitude oﬀerings’ are as a rule far above average.
In each selected parish, an individual (in most instances the treasurer) was
appointed to coordinate the research project. Besides ﬁlling out the questionnaire and gathering historical data, his or her task during the experimental
period was to act as experimental leader, looking after the correct implementation of the setup. He instructed the deacons by which means (bags or baskets)
they had to gather the oﬀerings and he made sure that in each service the
number of attendants was counted. After service, he ﬁlled out a form with
questions regarding the particularities of the service and the oﬀerings.
Baptists form a relatively small denomination in the Netherlands. With the
ﬁrst parishes already being founded around 1840, they now form an integral
part of Dutch society.8 All parishes have service on Sunday morning during
which one or more oﬀerings take place. The parishes considered are aﬃliated
to the national Baptist federation, but have a large degree of autonomy in
organizing their services. Due to this, changes in aspects of the service like the
introduction of baskets to gather oﬀerings are more easily implemented than
e.g. would have been the case in e.g. the reformed or Catholic churches in the
Netherlands, which are more hierarchically organized.
4 For example, one parish dropped out because it did not have oﬀerings, another because
it only had one oﬀering per service.
5 An exception is formed by the extra oﬀering gathered after having celebrated the Lord’s
supper, which is sometimes gathered by means of a plate (10 churches) or a mug (one church).
6 This was only noticed after the beginning of the experimental period.
7 20 churches celebrated the Lord’s supper after the regular service and of these churches,
15 gave the possibility to leave the service in between. 2 celebrated the Lord’s supper in an
additional evening service.
8 The parishes should be distinguished from the younger denomination of so-called Free
Baptists.
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a. collection bag

b. collection basket

Figure 6.1: Collection bags and baskets used.

6.3.2

Treatment

During the experimental period, the treatment imposed is that for some oﬀerings the familiar collection bags are replaced by open collection baskets (see
ﬁgure 6.1). This treatment provides attendants with two additional pieces of information. First, nearest neighbors can observe each other’s contributions and
second, attendants can see the total amount given by the people who preceded
him or her.
Before the start of the experiment, the appointed person in each church
received a randomized scheme indicating for each oﬀering by which means it
had to be gathered. These schemes were constructed as follows. For each
oﬀering, the Gauss random number generator drew from a U [0, 1] distribution;
values larger than 0.5 resulted in the oﬀering receiving the treatment. Note
that in this way, it can happen that none, one or both oﬀerings in one service
are collected by means of a basket.
Most churches informed their members in advance that oﬀerings could be
taken in by either bags or baskets. In some parishes this was communicated
during a service or other meeting, and in other parishes a message appeared in
the church periodical.9 The necessary baskets were sent to the churches. Two
churches used baskets of their own that were similar to the ones supplied.

6.3.3

Order of moves

At the beginning of service, one of the deacons announces to the congregation
the number and the purpose of the oﬀerings that will be held. Just before the
actual gathering, the minister makes an second announcement that an oﬀering
will take place.
9 In the vast majority of the parishes, visitors did not know in advance for which particular
oﬀerings replacement took place. In six churches, visitors were told at the beginning of service
whether bags or baskets were used for the oﬀerings in that service.
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One of more deacons pick up a collection bag from the table in front of the
church, which is then passed in the following way: Each deacon gives his bag to
a visitor; (s)he makes his or her contribution and passes the bag to the person
next to him or her. This procedure is repeated until the last person in the
row has made his contribution. The bag is then passed to the next row, either
directly by the last person or indirectly by intervention of the deacon waiting
in the aisle. The oﬀering ends when all attendants have had the opportunity to
make a donation.10 A typical scheme is depicted in ﬁgure 6.2. In most churches
(26), the second oﬀering directly follows the ﬁrst, that is, the deacon hands out
the ﬁrst collection bag, waits until the churchgoer has passed the bag and then
hands out the second collection bag to the same churchgoer.

Figure 6.2: An exemplary oﬀering gathering scheme.

6.3.4

Oﬀering purposes

The purpose of the ﬁrst oﬀering in each church is the parish itself; the purpose
of the second oﬀering changes weekly and varies from parish to parish. These
purposes of the second oﬀering can be divided into four categories. The ﬁrst
category comprises all oﬀerings serving a speciﬁc purpose within the own parish.
Examples are oﬀerings for church building or renovation; oﬀerings for bearing
costs of sending ﬂowers to elderly members; for evangelical work or for buying a
new organ. The second category consists of oﬀerings the purpose of which is to
fund (one of) the tasks of the national Baptist federation. The third category
includes purposes that have an indirect link to the own parish, like partner
communities in Eastern Europe or missionaries sent out to developing countries.
The last category consists of all purposes outside the sphere of inﬂuence of the
10 During

the gathering, the organ plays and possibly the congregation sings a song.
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own parish, like for example oﬀerings for Amnesty International or the Leprosy
Fund.
Thus giving to the ﬁrst oﬀering has mainly a public good character, whereas
giving to the second oﬀering either has a public good character (in case of an
internal purpose) or more the character of a charity good (in case of an external
purpose).11
The oﬀerings represent on average 10 to 25% of total revenues of a parish
which further comprise regular bank payments by the members, bequests and
rents.12

6.4
6.4.1

The role of anonymity in giving
Social incentives

Which incentives might induce individuals to contribute more in a non-anonymous context? I brieﬂy discuss a number of incentives relevant for making
contribution decisions to public goods or charity and sketch their implications
for the expected eﬀect of the introduction of baskets. Notwithstanding the
sequential character of the oﬀerings, I will focus on non-strategic, social incentives. By social incentive I refer to an emotion or motive that is aﬀected by
(changes in) the social context of an individual decision maker. In order to
make things more precise, I will deﬁne two kinds of social contexts and subsequently classify social incentives on basis of the kind of context they need to
be triggered:
Social context with limited information: Each individual has information
on his own contribution and knows how his contribution aﬀects the payoﬀ
to others.
Social context with full information: In addition to the knowledge he has
in the context with limited information, each individual knows that (some)
other individuals are able to evaluate his decision and that he can evaluate
the decisions of (some) others.
Stated in this terminology, the basket-treatment signiﬁes a move from the
limited information context to the full information context. Examples of social
incentives that possibly aﬀect behavior in a limited information context are pure
11 Notice that in case an individual derives utility from the total amount his/her church
donates to the external purpose, his utility is positively aﬀected by the amount donated by
others, as in a public good situation.
12 In some parishes it also happens that a small minority of members makes (for reasons of
tax deduction) regular payments by bank explicitly labelled ‘oﬀering contribution’ instead of
contributing to the oﬀerings during service. This lowers the observed average contribution
per attendant. This does not aﬀect the nonparametric eﬀects which I will carry out at level
of individual parishes; in the econometric estimation, the eﬀect is absorbed by the churchspeciﬁc ﬁxed eﬀect. The same is true for the possible endogeneity of the church selection
decision.

6.4 The role of anonymity in giving

117

altruism and warm glow. A pure altruist not only cares about the payoﬀ to
himself but is also concerned about the beneﬁt accruing to other individuals,
without deriving utility from his private gift per se.13 In terms of a public
good game with N participants, the utility function of a pure altruist looks
like Ui (yi − gi , G), where the endowment of individual i is denoted by yi ; his
contribution to
the public good by gi , and total contributions to the public
N
good by G =
i=1 gi . A person induced by feelings of warm glow derives
utility from the mere act of giving. If warm glow is the only motivation for
the individual to give, his utility function in the context of the public good
game has the form Ui (yi − gi , gi ). Altruism (Andreoni, 1995; Goeree, Holt and
Laury, 2002) and warm glow (Palfrey and Prisbey, 1997) have empirically been
identiﬁed as important incentives to contribute in public good experiments.
Is the contribution of church attendants who are motivated by altruism and
warm glow aﬀected by the move from a limited information toward a full information social context? Since most church periodicals provide information on
average contributions to the oﬀerings, the extra information on individual contributions as provided by the baskets does not aﬀect the decision of an altruist
who only cares about the average beneﬁts to others. The decisions of attendants motivated by warm glow are also unaﬀected by the basket-treatment,
since this incentive is a function of the own contribution only.
Examples of social incentives that can come into play under a full information social context are prestige (Harbaugh, 1998a,b),14 receiving social approval, avoiding shame, social comparison and fairness. In order to receive
prestige, identiﬁcation of your contribution by others clearly is a necessary
prerequisite. Individuals who care about receiving social approval – or the opposite, avoiding shame – are not concerned about whether other people know
how much they contribute but rather how other people evaluate their contribution. Elster (1999, p. 149) describes shame as “triggered by the contemptuous
or disgusted disapproval by others of something one has done. It is an internal interaction-based emotion: I feel shame in your presence because I know
you disapprove of me.”15 Individuals who care about how their contribution
compares to the contributions of others are led by motivations of social comparison; fairness considerations inﬂuence the decision-making process if individuals
value how their contribution relates to some “fair” standard, which itself is
some function of the contributions of others.16 Masclet et al. (2003) ﬁnd that
the opportunity for agents to express disapproval of others’ decisions increases
contribution levels and, moreover, that the eﬀect of these non-monetary sanctions is greater under partner than under stranger matching. In our context,
13 Andreoni

(1990).
deﬁnes prestige as the utility that comes from having the amount of a donation
publicly known.
15 Bowles and Gintis (2003) develop an analytical model which shows that shame can
increase the level of cooperation in a group.
16 See e.g. Bolton and Ockenfels (2000), Fehr and Schmidt (1999) and Fehr and Gächter
(2000) for models and experiments on fairness. Andreoni, Brown and Vesterlund (2002) look
at fairness considerations in a two-person sequential public good game.
14 Harbaugh
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parishioners can be viewed as partners since individual parishioners have made
a positive choice for their own parish and, as a corollary, for the people they
meet regularly in church to share their faith and the parish’s resources with.17
In the churches, prestige might lead to higher contributions when baskets
are used, since only baskets provide the necessary identiﬁcation of an individual’s contribution by others.18 Churchgoers searching for social approval may
seize the opportunity given by the baskets to show that they “do their part”19
and increase their contribution. They might however be wary to overdo it for
reasons of fairness and social comparison, since deviating too much from an
implicitly agreed upon ‘standard’ amount may trigger negative reactions. In
this way the identiﬁcation provided by the baskets may increase average contributions when social approval and shame are important motives, but may
simultaneously decrease variation in individual contributions when attendants
care how their contribution compares to the contribution of others. Intuitively,
one expects the use of baskets to have a larger impact on the proceeds of the
second oﬀering if individuals care about approval, since the more altruistic
character of this oﬀering gives individuals greater opportunity to show their
generosity.

6.4.2

Experimental and ﬁeld studies

The issue how identiﬁcation of subjects aﬀects giving has recently been investigated in experimental public good games (Andreoni and Petrie, forthcoming;
Rege and Telle, forthcoming; Gächter and Fehr, 1999).20 The main ﬁnding
in these papers is that removing anonymity leads to increased contributions.
Gächter and Fehr (1999) observe that the desire for social approval is irrelevant
for behavior when the subjects are complete strangers, but when “the opportunity for social exchange is combined with some minimal social familiarity there
is a substantial increase in contribution levels.” (p. 352). Hoﬀman, McCabe
and Smith (1996) ﬁnd in a study on dictator games that oﬀers are lowered
as the social distance between the experimental subjects and the experimental
leader increases.
Two diﬀerences between these public good experiments and the current
setup have to be mentioned. First, in the studies mentioned, identiﬁcation in
the non-anonymity condition is global, in the sense that a subject’s contribution
17 The number of members of the churches in the sample varies from 26 to 384, with the
median at 130. In general, an individual member is personally acquainted with a large
fraction of the other members.
18 This is not fully true. Individuals could in fact choose to voluntarily show their contribution to their neighbors before dropping it into the bag. However, it does not seem likely
that this plays an important role in practice.
19 Andreoni and Petrie (2002).
20 In Rege and Telle, the identity of the participants is revealed by making subjects stand
up and write their contribution on the blackboard. Andreoni and Petrie vary the visual
identiﬁcation of subjects and the kind of information given on the contribution rates of other
participants.
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is revealed to all other participants. The current study only provides local
identiﬁcation because identiﬁcation of an individual’s contribution is restricted
to his or her nearest neighbors. Second, the order of moves in the basket
oﬀerings is inherently sequential instead of simultaneous. Sequential play may
help to sustain cooperation when a substantial fraction of the subjects are
conditional cooperators (Houser and Kurzban, 2003).21
Further evidence for the role that information on others’ contributions and
identiﬁcation of contributors plays in giving behavior is provided by ﬁeld studies. Field data on fund raising show the eﬀect of category reporting (Harbaugh,
1998a, b) and the eﬀect of publicly announcing amounts of ‘seed money’ (List
and Lucking-Reiley, 2002). The former points out that a prestige motive may
aﬀect an individual’s contribution decision; the latter study provides evidence
that individuals take the amount already given by others into account in making
their own contribution decision. Finally, Haan and Kooreman (2002) analyze
data on honor systems for the sale of candy bars within ﬁrms. They observe
an average contribution rate of 81%, which is much higher than what is usually found in public good experiments. Their evidence suggests that though
subjects are free to choose their contribution, they experience a strong moral
obligation to pay the price asked.

6.4.3

Literature on giving in churches

The number of studies dealing with giving in churches are relatively few. Most
of the existing studies focus on groupsize eﬀects by looking at per-member rates
of annual giving. Sullivan (1985), Stonebraker (1993) and Zaleski and Zech
(1994) all report a negative relationship between the number of members and
per-member rates of annual giving.22 Yet it is hard to interpret these results as
evidence that free riding increases in group size.23 Zaleski and Zech (1996) for
example put forward that for small parishes, members may agree to collectively
share congregation costs. Since these costs do not increase proportionately with
membership, an increase in membership leads to a drop in per capita giving.
Iannaccone (1998) argues that congregation size may be endogenous. Church
members may also feel that the services their church oﬀers are of lower quality
as the number of members increases. Finally, Tullock (1996) argues that in
giving, members “make a bargain with God” by buying a special type of ﬁre
insurance, and that public good considerations are for this reason minor in
giving decisions of congregation members.
A notable diﬀerence between the present study with previous studies is that
the data I examine are weekly contributions to oﬀerings by church attendants
21 Vesterlund (2003) provides a theoretical model on sequential fundraising showing that
announcement of contributions can be optimal when there is imperfect information about
the value of the good.
22 Reported in Iannaccone (1998).
23 Lipford (1995) found no evidence of a group size eﬀect on giving, but was criticized by
Zaleski and Zech (1996) for using a ﬂawed speciﬁcation.
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instead of annual contributions by church members. This gives the opportunity
to use intra-church variation in the number of attendants to assess a possible
group size eﬀect. In addition, I get rid of a host of confounding factors like e.g.
the above mentioned cost sharing argument.

6.5

Data

The experimental period lasted for 29 Sundays, in the time period from March
3, to September 15, 2002. In one parish, the experiment ran till September 22
and in another till September 29, since in these parishes a few services were
cancelled. One parish left the sample after three weeks24 and was replaced
by another in which the experimental period started at May 5 and ended at
November 17.
For the ﬁrst oﬀering 834 observations are available and for the second 791.
Tables 6.1 contains summary statistics on the ﬁrst and second oﬀering. The
table shows that per-attendant proceeds are on average 23% higher for the
ﬁrst oﬀering and that the distribution is skewed to the right for the ﬁrst as
well as the second oﬀering. The mean values of the dummy variables show
that — as a result of the randomization — about half of the ﬁrst as well
as the second oﬀerings is gathered by means of bags, and the other half by
means of baskets. The table further shows that in about 20% of the services
an additional third oﬀering is held (“is 3rd”); and in about 12% of the services
an exit oﬀering (“is exit”), which in half of the cases is meant for missionary
work. These variables are included in the empirical analysis to account for the
possible eﬀect of additional oﬀerings on the proceeds of the ﬁrst two oﬀerings.
Exit oﬀerings meant for missionary work are taken up separately, since they
are often announced one week in advance.
The dummy “simultaneous” indicates whether the ﬁrst oﬀering is directly
followed by the second, which is true in about 81% of the services. Simultaneity
means here that there is no time lag between the two contribution decisions.
This may aﬀect the amount given in each of the two oﬀerings.25 A few oﬀerings
receive a special recommendation or have a relationship with the character
of the service. Since recommendations are directly aimed at increasing the
proceeds of an oﬀering and a relation between the sermon and the oﬀering
purpose increases the attendants awareness of the oﬀering, both are included
in the empirical analysis.
The dummy “music” equals one if additional musicians are present in the
service. “Own minister” is a dummy that equals one if the own minister leads
the service and the dummy “coﬀee” indicates if attendants have the possibility
to drink coﬀee – for free – after service. The music and coﬀee dummy will be
24 This parish ceased participation because the treasurer of this parish had to quit his job
on personal grounds and could not ﬁnd a successor.
25 In non-simultaneous oﬀerings, the ﬁrst oﬀering commonly takes place before the preaching and the second after the preaching.
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Table 6.1: Sample statistics independent variables
mean

median

st. dev.

min.

max.

82.698
1.021
96.919

73.185
0.867
76.500

61.683
0.780
72.989

8.120
0.376
7.000

791.960
16.429
443.000

71.450
0.828
98.609

59.300
0.707
78.000

59.229
0.497
73.380

5.110
0.258
7.000

878.310
5.179
443.000

1st oﬀering (834 obs.)
total payment ( )
per-attendant payment ( )
attendants
2nd oﬀering (791 obs.)
total payment ( )
per-attendant payment ( )
attendants

1st oﬀering
gathering mode
bag
0.513
basket
0.487
plate
0.000
mug
0.000
LS open
0.008
LS closed
0.000
oﬀerings
is 2nd
0.948
is 3rd
0.193
is exit
0.131
mission exit
0.067
simultaneous
0.795
recommendation
0.054
relation
0.019
service
music
0.064
family service
0.024
special service
0.049
evening service
0.068
sun
40.132
Chr. celebration
0.064
own minister
0.474
coﬀee
0.470
purposes
parish
0.994
internal
0.001
federation
0.001
external
0.002
Eastern Europe
0.002
Lord’s Supper
0.008
gratitude
0.008
Notes: The per-attendant payment is calculated as

2nd oﬀering
0.507
0.480
0.008
0.005
0.018
0.019
1.000
0.204
0.113
0.062
0.837
0.094
0.034
0.063
0.023
0.048
0.069
39.736
0.063
0.472
0.455

1
NT

N
i=1

T
t=1

0.076
0.295
0.556
0.063
0.010
0.037
0.010
yit,j
, with j = 1, 2;
q
it,j

t = 1, 2, . . . , T for the time period and i = 1, 2, . . . , N as an index for the churches.
The average value of the euro over the experimental period was about $ 0.94.
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included to pick up a possible “good mood” eﬀect of hearing music and having
the prospect of coﬀee. One’s mood may also be aﬀected by the amount of
sunshine on a given day. “Sun” gives the daily hours of sunshine as a percentage
of the maximum amount of possible sunshine one could obtain.26 The “own
minister” dummy is included to pick up possible eﬀects of the preacher on
the perceived quality of the service, resulting in more or less generosity. The
“special services” dummy equals one if the service has a special character,
like e.g. baptizing services and services in which a new minister is installed.
These services are characterized by a relatively large number of guests. The
dummy for family services takes on the value one if a service has the character
of a low-threshold family service. Due to this character, these services are
attended by an above average number of children, which is likely to have a
downward eﬀect on average per-attendant contributions. The “evening service”
dummy equals one if on the same Sunday a service is held in the evening hours.
The opportunity to visit an evening service is seized by some parishioners –
especially youth – to opt out for the morning service, with the eﬀect that having
an evening service may change the composition of the parishioners present in
the morning service.
The dummy “Chr. celebration” equals one if the service is held on Christian celebration days like Easter and Pentecost. Besides aﬀecting the number
of people who go to church, attendants consider these days as special days
which may inﬂuence their contribution decisions. So-called gratitude oﬀerings
are collected at special days like Easter and Pentecost to give attendants the
opportunity to express their gratitude. The purpose of these oﬀerings can be
internal as well as external. In general, the contributions to these oﬀerings
are far above average. Oﬀerings held following the celebration of the Lord’s
Supper are also possibly used by attendants to express their gratitude. For
these reasons, a “gratitude” and a “Lord’s Supper” dummy are included in the
empirical analysis. A complete list on the dummy variables deﬁned is given by
table A.2 in the Appendix.
With regard to the oﬀering purposes, table 6.1 makes clear that almost all
(99.4%) of the ﬁrst oﬀerings have the own parish as purpose; of the second
oﬀerings, 30% serves speciﬁc internal purposes, 56% the Baptist federation and
7% other purposes outside the own parish.
Figure 6.3 shows the per-week development of per-attendant contribution to
the ﬁrst and second oﬀering averaged over all parishes during the experimental
period. Gratitude oﬀerings and oﬀerings held after celebration of the Lord’s
Supper are dropped from the sample because of their special character. The
ﬁgure shows that the average contribution to the ﬁrst oﬀering is clearly higher
than to the second. The two exceptions are week 12 and 14, of which week 12
coincides with Pentecost for the vast majority of the parishes.
26 This maximum amount increases as days get longer. To take into account the geographical dispersion of the parishes, information was gathered from ﬁve diﬀerent weather stations
in the Netherlands.
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Figure 6.3: Average payment to the ﬁrst and second oﬀering over the weeks
of the experiment (Gratitude oﬀerings and oﬀering during or directly after
celebration of the Lord’s Supper are excluded).

Table A.1 in the Appendix presents the average per-attendant contributions
to the ﬁrst and second oﬀerings for all parishes in the sample. Moreover,
a distinction is made in oﬀerings gathered by means of bags and oﬀerings
gathered by means of baskets. Large diﬀerences in average contributions are
observed between diﬀerent parishes. The last column gives the diﬀerence in
average proceeds between open and closed oﬀerings.

6.6

Removing anonymity: nonparametric tests

To assess the eﬀect of using baskets on average oﬀering proceeds, I ﬁrst calculate
Wilcoxon rank sum statistics. I distinguish between the eﬀect on ﬁrst and on
second oﬀerings. The null hypothesis of no treatment eﬀect is rejected for the
second oﬀering but not for the ﬁrst oﬀering.27 Figure 6.4 shows a frequency
27 The p-values are 0.000014 and 0.1800, respectively, and are calculated as follows: For
each parish separately, consider all ﬁrst oﬀerings and denote the total number of times a
bag is used by m, the number of times a basket is used by n and the sum of the ranks of
the basket observations by Rn . Since the total number of n + m observations per oﬀering
per parish exceeds
' asymptotic normality of Rn can be used such that
4 10 in all cases, the

p(Rn ≤ k) ≡ Φ

k+1/2−n(m+n+1)/2
√
mn(m+n+1)/12
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plot of the calculated standard normal z-values (one value for each parish).
At the level of individual parishes, large diﬀerences are observed. For the
second oﬀering, all signiﬁcant diﬀerences (8 parishes on a 5% level) point to
a positive eﬀect from the introduction of baskets on average proceeds. For
the ﬁrst oﬀering, signiﬁcantly more is raised by the basket oﬀerings in three
parishes but in one parish the baskets have a strong negative eﬀect on average
proceeds.
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Figure 6.4: Wilcoxon rank sum test (z-values).
I also calculated for each parish t-statistics for the diﬀerence in average
contributions between open and closed oﬀerings for the ﬁrst and the second
oﬀering separately.28 Results are shown in ﬁgure 6.5. The patterns found are
roughly similar to those found by using the Wilcoxon rank sum test, except for
parish nr. 5 in table A.1. For this parish, the eﬀect of treatment is found to
be strongly negative when estimated by the diﬀerence in mean test.
under the null hypothesis of no treatment eﬀect. p-values for the general eﬀect are obtained
by summation of the Rn values over all parishes. The procedure is the same for the second
oﬀerings.
−yj,bag
28 For each parish, the t-statistics were calculated as t = yj,basket
5
with Sp =
j
1
1
Sp

2 +(m−1)S 2
(n−1)Sn
m
n+m−2

n

+m

and j = 1, 2 denoting whether the oﬀerings are ﬁrst or second oﬀerings,
and yj,bag (yj,basket ) per-attendant proceeds averaged over all jths oﬀerings gathered by
means of bags (baskets) during the experimental period.
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Figure 6.5: Diﬀerence in mean test (t-values).

Both the Wilcoxon rank sum test and the diﬀerence in mean test assume
that the observations are independent. One could object that in practice there
might be a dependence between oﬀerings held in the same parish, because from
week to week more or less the same people visit service and, moreover, these
regular visitors tend to take the same seats. The Wilcoxon signed rank test is
an alternative that does not assume independence. The test uses for each parish
the observed paired percentage diﬀerence of average basket oﬀering proceeds
and average bag oﬀering proceeds. According to this test (two-sided), the pvalues of no treatment eﬀect are 0.2096 and 0.0727 for the ﬁrst and second
oﬀering, respectively. These results reinforce the ﬁnding that using baskets has
a positive eﬀect on the proceeds of the second oﬀering and no eﬀect on the
proceeds of the ﬁrst oﬀering.
Data on the number and type of coins and bank notes show that in parish
nr. 5, once a month a note of 100 is contributed.29 Each time, the note is
contributed to an oﬀering which is gathered by means of a bag and whose purpose is the parish itself. Since the note increases the total proceeds with about
200%, the phenomenon leads to a number of outliers for which the diﬀerence in
29 This parish is by coincidence one of the three parishes for which information on the
number and type of coins is available.
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mean test is more sensitive than the Wilcoxon rank sum test.30 This behavior
of contributing large bank notes only to bag oﬀerings indicates that a certain
wariness to deviate too much from an accepted ‘standard’ may aﬀect contribution decisions. When one’s contribution is much higher than those of others,
one might opt for anonymity since the concern for possible negative reactions
(‘What a show-oﬀ.’) outweighs the concern for prestige.

6.7

Econometric analysis

The ﬁeld character of the experiment entails that one has to account for a number of covariates other than the treatment variable that potentially inﬂuence
the oﬀering proceeds and that vary both between services (e.g. the number of
attendants) and within services. Variables that vary within services are variables that are oﬀering speciﬁc. Examples of such variables are the purpose of
the oﬀering and the way in which the oﬀering was recommended to the congregation. In order to assess the eﬀects of identiﬁcation while accounting for
these covariates, the following panel regression is estimated
ln yit,j

=
+
+

αi,j + βj BASKETit,j + β3 BASKETit,1 · Dit,j
4
k=1 (ζk + φk,j BASKETit,j ) · Tk (t) + δj ln qit,j
θ xit,j + (ψ1 (1 − Dit,j ) + ψ2 Dit,j ) · zit,j + it,j ,

where the logarithm of the average per-attendant contribution yit,j to the jth
oﬀering in week t of the experimental period in parish i is the dependent variable; i ∈ {1, . . . , 30}; j ∈ {1, 2}; t ∈ {1, . . . , 29}. With regard to the disturbances it,j , notice that the presence of generous people in a service is likely to
be beneﬁcial to both the ﬁrst and the second oﬀering, inducing a correlation between it,1 and it,2 . Another reason for a correlation between the disturbances
is that attendants may determine in advance the sum of money they bring with
them to church, only deciding how to split this sum between oﬀerings during
service, thereby inducing a negative correlation. Since the dependent variable
is (logarithm of) the average contribution per attendant, the errors terms are
heteroscedastic, with variance decreasing in the number of attendants. To allow
both for correlation and heteroskedasticity, the error structure is modeled as
follows: var(it,j ) = σjj /qit ; cov(it,1 , it,2 ) = σ12 /qit and cov(it,j , vw,k ) = 0
whenever v = i or t = w, j, k ∈ {1, 2}.
The coeﬃcients αi,j absorb church-speciﬁc ﬁxed eﬀects. Moreover, by
adding a subscript j, I allow the eﬀect of church speciﬁc variables to diﬀer
between the ﬁrst and second oﬀering. BASKETit,j is a dummy variable indicating whether baskets were used to gather the oﬀering. The parameters β1
and β2 thus measure the eﬀect of switching from bags to baskets in terms of
30 Pre-experimental data from this parish show that the act of giving a 100-note once a
month already started in the year 2000 and is not a reaction to the introduction of baskets
as a means to gather oﬀerings.
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percentage change in average proceeds of the ﬁrst and second oﬀering, respectively. The dummy variable Dit,j takes on the value 1 if the observation under
consideration is a second oﬀering and 0 otherwise, so Dit,j = 1 if and only if
j = 2. As a result β3 estimates the eﬀect of using a basket in the ﬁrst oﬀering
on the proceeds on the second oﬀering.31
The functions Tk (t) represent non-overlapping time-intervals deﬁned as Tk (t)
= I[6k < t ≤ 6(k + 1)], k = 1, . . . , 4, with I[·] an indicator function. The coeﬃcients ζi pick up possible eﬀects of inﬂation or changes in the income of
parishioners during the experimental period. The products of these time intervals with the basket dummy are added to incorporate changes in the treatment
eﬀect over time, where again a distinction is made in the ﬁrst and second offering. The number of attendants is given by qit,j such that 1 − δj reﬂects the
percentage increase in total proceeds by a one percent increase in the number
of attendants. xit,j is a vector of service speciﬁc variables (is 2nd, is 3rd, is exit,
mission exit, simultaneous, music, coﬀee, family service, special service, sun).
The variables in zit,j are allowed to have a diﬀerent impact on the ﬁrst and
second oﬀering, as measured by ψ1 and ψ2 , respectively,32 and contain variables that are oﬀering speciﬁc (recommendation, relation, federation, external,
Eastern Europe, gratitude)33 or that might for some reason have a diﬀerent
eﬀect on the ﬁrst (internal) than on the second oﬀering (own minister, evening
service and Chr. celebration). For “own minister” this reason is that the minister receives his salary from the parishes’ internal funds. The possibility of
an evening service might lead to a selection eﬀect. Since 63% of the evening
services have only one oﬀering (usually for the parish itself), parishioners who
normally visit the evening service may have another attitude to the second
than to the ﬁrst oﬀering. Christian celebrations might have a larger eﬀect on
second oﬀerings that are held after the preaching.

6.7.1

Estimates

The results are based on 791 services with at least two oﬀerings, leading to a
total of 1582 included observations.34 Estimates for diﬀerent versions of the
model are given in table 6.2. The ﬁrst column contains least squares estimation results for the model without a time trend for the treatment and neglecting
heteroscedasticity in the error terms. Column (2) gives the results of a basic
regression with heteroskedasticity taken into account. In this regression, the
only explanatory variables added besides the basket dummy are dummies for
31 Since in some of the parishes attendants know in advance how the second oﬀering will
be collected, one might argue that also a parameter measuring the eﬀect of using a basket
in the second oﬀering on the proceeds of the ﬁrst oﬀering should be added. However, since
it turns out that β3 is insigniﬁcant across speciﬁcations, the same is likely to be true for the
reverse eﬀect.
32 A speciﬁcation test did not ﬁnd such a diﬀerence in eﬀect for the variables x
it,j .
33 Internal purposes act as reference category.
34 Contrary to the analysis in section 6.6, gratitude oﬀerings and oﬀerings following celebration of the Lord’s Supper are included in the sample.
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the oﬀering purposes and a service speciﬁc group size eﬀect. In column (3),
the same model as in (1) is estimated but now with heteroscedasticity taken
into account. The complete model is estimated in column (4), addressing heteroscedasticity and incorporating a linear time trend.
The four speciﬁcations provide no evidence of a treatment eﬀect on the
average proceeds of the ﬁrst oﬀering, but they do show a highly signiﬁcant
increase in those of the second. These ﬁndings are in line with the pattern
revealed by the nonparametric tests in the previous section. For the complete
model, the initial increase in proceeds of the second oﬀering by the introduction
is estimated at 9.6%. This increase is smaller than in Andreoni and Petrie
(2002), who ﬁnd an initial increase of about 35%. Among other things, one
reason for this diﬀerence might be that in the current setup, identiﬁcation is
local instead of global.
The means of gathering of the ﬁrst oﬀering does not seem to have an eﬀect
on the proceeds
3 of the second oﬀering. The overall eﬀect of using baskets,
calculated as i=1 β̂i , is an increase in proceeds of 11.6 percent (signiﬁcant at
the 5-percent level). This is the change in average proceeds when all bags are
replaced by baskets. The hypothesis that the eﬀect of using baskets is the same
for the ﬁrst and second oﬀering is clearly rejected.
For the second oﬀering, the number of periods since the start of the experimental period has a signiﬁcant (p-value = 0.018) and sizeable negative eﬀect on
the treatment eﬀect: The eﬀect of using baskets for the second oﬀering peters
out over time. It is unclear what causes the particular large drop in weeks 19
till 24, perhaps it has something to do with the holiday season, during which a
sizable fraction of the regular attendants is elsewhere. It is tempting to relate
the diminishing eﬀect in time to public good experiments studying the free rider
hypothesis. (See e.g. Marwell and Ames, 1979, 1980, 1981.) A major ﬁnding
in this these type of experiments is that contributions decline with repetition
(e.g. Isaac, McCue and Plott, 1985).
Table 6.2: Estimation results (standard errors within parentheses).

basket 1st (β1 )
basket 2nd (β2 )
basket 1st on
2nd oﬀ. (β3 )
week 7-12 (φ1,1 )
week 13-18 (φ1,2 )
week 19-24 (φ1,3 )

OLS

GLS

GLS

GLS

(1)

(2)

(3)

(4)

0.007
(0.015)
0.061**
(0.016)
-0.009
(0.016)

0.003
(0.012)
0.041*
(0.017)

GLS
internal
2nd oﬀering
(5)

-0.006
0.028
0.020
(0.013)
(0.023)
(0.034)
0.038*
0.096**
0.043
(0.015)
(0.028)
(0.043)
-0.022
-0.008
-0.032
(0.016)
(0.016)
(0.025)
change in eﬀect basket 1st
-0.047
0.012
(0.032)
(0.046)
-0.054†
-0.068
(0.031)
(0.045)
-0.051
-0.041

GLS
external
2nd oﬀering
(6)
0.007
(0.031)
0.080*
(0.036)
0.019
(0.021)
-0.064
(0.043)
-0.036
(0.041)
-0.026
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Table 6.2: (continued)

OLS

GLS

(1)

(2)

week 25-30 (φ1,4 )

week 7-12 (φ2,1 )
week 13-18 (φ2,2 )
week 19-24 (φ2,3 )
week 25-30 (φ2,4 )
week 7-12 (ζ1 )
week 13-18 (ζ2 )
week 19-24 (ζ3 )
week 25-30 (ζ4 )

is 3rd
is exit
mission exit
simultaneous
music
coﬀee
family
special service
sun

-0.011
(0.019)
0.004
(0.019)
-0.019
(0.021)
0.028
(0.021)

ln q (δ1 )
recommendation
relation

GLS

GLS
internal
2nd oﬀering
(3)
(4)
(5)
(0.034)
(0.051)
-0.018
0.016
(0.033)
(0.050)
change in eﬀect basket 2nd
-0.050
-0.026
(0.036)
(0.050)
-0.050
-0.027
(0.037)
(0.054)
-0.137**
-0.113†
(0.041)
(0.059)
-0.075†
0.035
(0.039)
(0.057)
general time eﬀect
-0.024
-0.002
-0.038
(0.018)
(0.022)
(0.033)
0.007
0.032
0.081*
(0.018)
(0.022)
(0.034)
-0.017
0.022
0.047
(0.020)
(0.024)
(0.038)
0.026
0.044†
0.037
(0.019)
(0.024)
(0.038)
service speciﬁc variables
-0.069**
-0.071**
-0.035
(0.015)
(0.015)
(0.026)
-0.029
-0.032
-0.057
(0.039)
(0.039)
(0.080)
0.035
0.041
(0.087)
(0.087)
0.007
0.009
0.016
(0.027)
(0.027)
(0.035)
0.014
0.014
0.019
(0.025)
(0.025)
(0.033)
-0.005
-0.005
0.005
(0.014)
(0.014)
(0.023)
-0.075*
-0.076*
-0.092
(0.037)
(0.037)
(0.062)
-0.009
-0.010
0.008
(0.023)
(0.023)
(0.041)
-0.005
-0.006
-0.033
(0.016)
(0.016)
(0.027)

-0.074**
(0.017)
-0.015
(0.044)
-0.015
(0.074)
-0.043
(0.031)
0.012
(0.027)
-0.011
(0.016)
-0.054
(0.042)
0.005
(0.030)
0.000
(0.017)

ln q

GLS

GLS
external
2nd oﬀering
(6)
(0.044)
-0.002
(0.042)
-0.009
(0.047)
-0.046
(0.047)
-0.145**
(0.053)
-0.091†
(0.049)
0.012
(0.028)
0.006
(0.028)
0.003
(0.031)
0.031
(0.030)

-0.081**
(0.019)
-0.020
(0.050)
0.077
(0.137)
-0.018
(0.045)
-0.002
(0.037)
-0.016
(0.018)
-0.072
(0.048)
-0.015
(0.028)
0.001
(0.020)

-0.181**
(0.027)
-0.277**
(0.035)
0.003
(0.061)
0.018
(0.059)

1st oﬀering
-0.271**
(0.034)
-0.021
(0.049)
-0.020
(0.047)

speciﬁc variables
-0.268**
-0.177**
(0.035)
(0.054)
-0.017
-0.011
(0.049)
(0.066)
-0.019
-0.111†
(0.047)
(0.067)

-0.317**
(0.045)
-0.017
(0.068)
0.053
(0.063)
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Table 6.2: (continued)

own minister
gratitude
Chr. cel
evening service

ln q (δ2 )
own minister
federation
external
Eastern Europe
Lord’s Supper
recommendation
relation
gratitude
Chr. cel
evening service
overall eﬀect baskets
[p-values]
diﬀerence in eﬀect
[p-values]
Prob F -test
time eﬀect 1st oﬀ.
time eﬀect 2nd oﬀ.
Sample size

Notes:

†

OLS

GLS

GLS

GLS

(1)
0.015
(0.019)
1.123**
(0.203)
0.082*
(0.035)
-0.008
(0.044)

(2)

(3)
0.022
(0.016)
1.142**
(0.180)
0.086**
(0.029)
0.006
(0.029)

(4)
0.024
(0.016)
1.163**
(0.180)
0.084**
(0.029)
0.001
(0.029)

GLS
internal
2nd oﬀering
(5)
-0.014
(0.024)

0.087*
(0.036)
-0.009
(0.046)

0.044
[0.030]
0.038
[0.084]

2nd oﬀering
-0.299**
(0.041)
-0.004
(0.020)
-0.039*
(0.019)
0.074*
(0.034)
0.367**
(0.100)
0.098
(0.068)
0.238**
(0.056)
0.267**
(0.062)
0.604**
(0.073)
0.152**
(0.039)
0.117**
(0.036)
0.016
[0.743]
0.038
[0.025]

—
—

—
—

—
—

0.364
0.018

0.379
0.155

0.563
0.038

1582

1582

1582

1582

586

996

-0.249**
(0.037)
-0.003
(0.023)
-0.062**
(0.020)
0.040
(0.035)
0.228**
(0.080)
0.214**
(0.051)
0.161*
(0.067)
0.182*
(0.074)
0.567**
(0.088)
0.208**
(0.041)
0.089†
(0.047)
0.059
[0.057]
0.054
[0.011]

-0.093*
(0.022)
0.118**
(0.040)
0.415**
(0.118)

speciﬁc variables
-0.312**
-0.374**
(0.042)
(0.063)
-0.005
0.002
(0.020)
(0.029)
-0.037†
(0.019)
0.081*
(0.034)
0.372**
(0.100)
0.102
0.114
(0.068)
(0.121)
0.244**
0.067
(0.056)
(0.077)
0.265**
0.293**
(0.062)
(0.087)
0.611**
0.738**
(0.073)
(0.079)
0.145**
0.257**
(0.039)
(0.051)
0.102**
0.091
(0.037)
(0.056)
0.116
0.031
[0.014]
[0.660]
0.068
0.023
[0.047]
[0.650]

GLS
external
2nd oﬀering
(6)
0.042*
(0.020)
1.193**
(0.257)
0.032
(0.048)
0.025
(0.040)

Signiﬁcant at the 10-percent level; ∗ Signiﬁcant at the 5-percent level;

∗∗

-0.281**
(0.054)
-0.003
(0.026)

0.083*
(0.039)
0.360**
(0.109)
-0.037
(0.098)
0.350**
(0.079)
0.202*
(0.084)
0.088
(0.230)
0.088
(0.057)
0.084†
(0.047)
0.106
[0.085]
0.073
[0.098]

Signiﬁcant

at the 1-percent level. Empty cells in columns (5) and (6) mean that there is no variation in
the dummy variable in the subsample considered or that the variable is the default value (as
“federation” is in column (6)).
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This relation however is somewhat problematic since there is no ﬁnal round
in the current setup (oﬀerings were still held after the experimental period
ended) nor can the second oﬀering be considered as a pure public good. The
Haan and Kooreman (2002) study also lacks a clearly deﬁned ﬁnal round; they
ﬁnd a similar negative time eﬀect. In general, contributions increase over time.
The estimates imply an annual increase in oﬀering proceeds of about 8.4%.
Looking at the other explanatory variables, one sees a negative group size
eﬀect as measured by the δj ’s: a 1 percent increase in the number of attendants
leads for both oﬀerings only to a 0.7 percent (≈ 1 − 0.268 and ≈ 1 − 0.312
respectively) increase in total proceeds. This is consonant with earlier empirical
studies on giving in churches. A possible explanation is that on Sundays with
relatively few attendants, the people who come are the most dedicated and most
generous ones. The presence of an additional third oﬀering leads to a reduction
in average proceeds of the ﬁrst two oﬀerings of 7%, but no such eﬀect occurs
for additional exit oﬀerings. Average contributions are lower when the service
is a family service, which may be caused by the presence of a large number of
small children in these services who give less on average. As expected, people
give more when a service is held at Easter or Pentecost. The own minister
leading the service does not aﬀect contributions.
Interestingly, recommending the oﬀering increases contributions to the second oﬀering by 24% but has no eﬀect on the proceeds of the ﬁrst oﬀering.
The same goes for the oﬀering purpose being related with the preaching. This
shows that parishioners are sensitive to recommendations. Partly this may
be caused because an appeal is made to their social obligation to contribute.
Gratitude oﬀerings bring in 116% more if held as ﬁrst oﬀering and 61% more
if held as second oﬀering. Having an evening service on the same day does
not aﬀect average contributions to the ﬁrst oﬀering, but increases the average
proceeds of the second oﬀering by 10%. One explanation for this is a possible
negative correlation between being inclined to attend the evening instead of
the morning service and the willingness to contribute to the second oﬀering.
This explanation is sustained by the fact that most evening services have only
one oﬀering. Finally, proceeds of the second oﬀering are much higher (+37%)
when the purpose is in Eastern Europe; higher when the purpose is an external
one (+8%) and slightly lower when the oﬀering serves the national federation
(−4%).
How are the results in this and the previous section related to the experimental evidence on anonymity in giving and what do they tell us about the
importance of social incentives? The positive treatment eﬀect found for the
second oﬀering is in accordance with the positive eﬀect of removing anonymity
found by both Andreoni and Petrie (forthcoming) and Rege and Telle (forthcoming) . Contrary to these however is the absence of an eﬀect of treatment for
the ﬁrst oﬀering. A possible explanation for this may be found in the fact that
the ﬁrst oﬀering is always meant for the parish self. Most churchgoers make
– in addition to the amounts given to the oﬀering – regular bank payments to
the parish. Since these amounts are not observed by the other parishioners,
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one can always defend low contributions to the ﬁrst oﬀerings by claiming that
one compensates for this by making large bank payments. Having an excuse
might prevent people from feeling ashamed. Another potential explanation for
the diﬀerence in eﬀect for the ﬁrst and second oﬀering is that, due to the fact
that the second oﬀering often serves an external purpose, it gives more possibilities to exhibit unselﬁsh behavior. A third explanation uses the fact that the
purpose of the ﬁrst oﬀering is always equal whereas the purpose of the second
oﬀering changes weekly. This might lead to a habit formation where attendants
are very used to giving a certain amount to the ﬁrst oﬀering but are more open
to circumstantial variables in their decision what to contribute to the second
oﬀering.
To analyze whether the treatment eﬀect is driven by the fact that an oﬀering
is internal or external, I estimated equation (6.7) separately for two subsets of
the data. The ﬁrst subset comprises the services that have a second oﬀering
with an internal purpose; the second subset comprises the subset of services
that have a second oﬀering with an external purpose. Estimates are given
in columns (5) and (6) of table 6.2, respectively. Interestingly, the estimates
show that the signiﬁcance of the treatment eﬀect for the second oﬀering is
persistent for the subset of external second oﬀerings, but not for the subset
with internal second oﬀerings. This gives some support to the explanations
that external purposes give greater possibilities to exhibit unselﬁsh behavior or
that anonymous bank payments are an excuse for low contributions to internal
oﬀerings. The third explanation however – that the diﬀerence in eﬀect is caused
by a habit formation eﬀect in contributing to the ﬁrst oﬀering – is not sustained
by these estimates.
Moreover, the eﬀect of using baskets for gathering the ﬁrst oﬀering has a
modest negative (not signiﬁcant) eﬀect on the average proceeds of the second
oﬀering for the subset of internal second oﬀerings. This makes sense: Both
oﬀerings serve the same purpose, which alleviates shifting contributions from
one oﬀering to the other.
With regard to the other explanatory variables it is interesting to note that
the “Chr. celebration” dummy and the “gratitude” dummy are only signiﬁcant
for the subset of internal oﬀerings. The reason for this may be that gratitude
for the resurrection of Christ ﬁnds a natural expression in contributing an
extra amount to the own parish, but not in contributing to e.g. Amnesty
International. The “recommendation” dummy on the other hand is much larger
for the subset of external oﬀerings, lending support to the hypothesis that
making an appeal to the moral obligation of the attendants has more eﬀect
when the purpose is outside the own parish. Finally, for the subset of internal
oﬀerings, the group size eﬀect is greater for the second oﬀerings, whereas no
notable diﬀerence is observed for the subset of external oﬀerings.

6.8 Eﬀect on type of coins contributed

6.8
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As mentioned, for three parishes information is available on the number and
the type of coins that are collected. For two parishes this information is available for ﬁrst as well as second oﬀerings and for the other only for the ﬁrst
oﬀerings. For the latter parish, the same information is available for the preexperimental period. Histograms and cumulative distribution functions are
given in ﬁgure 6.6.
The panels a, b and c all show the same pattern: as compared to closed
oﬀerings, collecting oﬀerings by means of baskets leads to a decrease in the
frequency of small coins (1, 2, 5, 10 and 20 eurocents) and an increase in
the frequency of large coins (1 and 2 euro).35 For parishes a and b, the cumulative distribution when using baskets ﬁrst-order stochastically dominates
the cumulative distribution function for oﬀerings that use bags. For parish a,
also the frequencies for the time period before the outset of the experiment
are depicted.36 As compared to the pre-experimental period, a shift to giving
larger coins occurred in the experimental period.37 The cumulative distribution
function of bag oﬀerings during the experimental period ﬁrst-order stochastically dominates the cumulative distribution function of bag oﬀerings in the
pre-experimental period. In table 6.3, for each parish p-values are given for the
null hypothesis of equality of the fraction of 50 eurocent, 1 and 2 euro coins
given in bag and basket oﬀerings.38 The joint-signiﬁcance test shows that the
increase in 1 and 2 euro coins is signiﬁcant at the 5%-level.
Comparison of the coin distributions of bag oﬀerings with basket oﬀerings
shows that people refrain from giving small coins in favor of giving more valuable ones. Feeling ashamed about giving substandard coins or trying to receive
social approval by ostentatiously giving large coins might be at least part of
the explanation. The fact that some kind of shift is also observed when comparing bag oﬀerings during the experimental period with bag oﬀerings in the
pre-experimental period indicates that attendants are to some extent aware
that their decisions are observed by the university.39
35 A χ2 -test for diﬀerence in distributions delivers for parishes a, b and c p-values of 9.7 ·
10−8 , 0.0559 and 0.0549 respectively.
36 The pre-experimental period comprises the months January and February 2002; the eﬀect
of the experimental period may be confounded with the replacement of the Dutch guilder by
the euro in January 2002.
37 p-value = 3.3 · 10−4 .
38 For each type of coin and for each parish, the ratio of the number of coins of a certain
type relative to the total number of coins collected was calculated for each oﬀering separately.
These ratios were ordered (for parishes b and c a distinction was made for ﬁrst and second
oﬀerings) and signiﬁcance was tested using a Wilcoxon rank sum test. The reported p-values
for parishes b and c encompass both oﬀerings. Looking at ﬁrst and second oﬀerings separately,
the only signiﬁcant increase is found for the frequency of 2 coins collected in the second
oﬀerings of parish b.
39 One treasurer reported that some parishioners in his parish reacted to the research project
by saying: “For what reason does the university interfere in our aﬀairs?”
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Table 6.3: Diﬀerence in fraction of coins given (p-values).

Note:

parish
(a)
(b)
(c)

0.50
0.1413
0.8790
0.0836†

joint test

0.2400

type of coin
1
2
0.0282* 0.0186*
0.0312* 0.0002**
0.4687
0.0093**
0.0291*

0.0001**

†

Signiﬁcant at the 10-percent level; Signiﬁcant at the 5-percent level;
Signiﬁcant at the 1-percent level
Parish a: ﬁrst oﬀerings only; b, c: ﬁrst and second oﬀerings combined.
∗∗

The large eﬀect observed for parish a is remarkable, since it results from
observations on ﬁrst oﬀerings only. In light of the analysis in the previous
section this eﬀect is unexpected. Apparently, there is yet some role for social
incentives in the attendants’ decision to give to the ﬁrst oﬀering; these are not
incentives to give more, but to make the contribution look more. The results
in this section form a contradiction to standard economic theory according to
which the particular distribution of coins should be irrelevant.

6.9

Conclusion

This chapter set out to investigate whether removing anonymity aﬀects giving
in a real life environment that is still suﬃciently controllable to make ﬁndings
comparable to results of recent laboratory experiments. For a period of 29
weeks, the way in which oﬀerings were gathered in thirty churches was determined by chance. Each oﬀering in this time period was equally likely to be
gathered by ordinary collection bags or by collection baskets. The baskets enable local identiﬁcation of contributors, giving social incentives like prestige,
social approval, shame and social comparison the opportunity to take eﬀect.
The main ﬁnding is that non-anonymous collecting methods have a positive
eﬀect on contributions to charity, whereas no eﬀect is found for contributions to
a public good. Moreover, the eﬀect of removing anonymity peters out over time.
The diﬀerence in eﬀect is distilled from the fact that a division of services into
two subsamples – based on whether the second oﬀering serves an internal or an
external purpose – shows that the eﬀect of disclosure is persistent only for the
subset of external oriented second oﬀerings. One possible explanation for this
diﬀerence is that external purposes give more possibilities to exhibit unselﬁsh
behavior. A second explanation is provided by the fact that most churchgoers,
besides giving to the oﬀering, contribute to the parish by making regular bank
payments. Since these payments are unobservable to other parishioners, one
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can defend low contributions to the oﬀerings by claiming that one compensates
for this by making large bank payments. The absence of an eﬀect for ﬁrst
oﬀerings is contrary to ﬁndings from similar public good experiments conducted
in the laboratory.
Another interesting ﬁnding is that in both oﬀerings, people switch to giving
more valuable coins when anonymity is removed. This indicates that social
incentives do play some role in contributing to public goods. The ﬁnding is in
opposition to standard economic theory which asserts that only the value of an
amount of money matters and not the particular set of coins of which it is build
up. Feeling ashamed about giving small coins or the desire for social approval
by giving larger coins might be a possible factor that drives this shift in coins
given.40 One has to note, however, that this result is based on additional data
from three churches only.

40 Related is the observation by one coordinator who reported that people added to the
initial amount of money they took out of their wallet when they noticed that the oﬀering
was to be gathered by means of baskets.
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Figure 6.6: Frequency distributions and cumulative coin distributions for three
parishes. Parish a: ﬁrst oﬀerings only; b, c: ﬁrst and second oﬀerings combined.
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1.893
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mean
2.766
0.802
0.945
1.316
0.879
1.155
0.790
0.778
0.964
1.168
1.051
0.980
1.041
0.444
0.653
0.713
0.663
1.378
0.998
0.885
1.494
0.949
0.783
0.513
0.651
0.805
1.464
0.708
0.768
1.077
0.986

#
17
15
6
19
11
13
16
19
12
14
15
14
15
14
12
14
16
20
12
20
13
13
14
15
14
14
14
9
12
15
427

0.943

2.407
0.756
0.917
1.099
0.877
1.141
0.809
0.764
0.938
1.154
0.742
1.018
0.998
0.431
0.663
0.717
0.698
1.393
0.999
0.835
1.524
0.950
0.662
0.506
0.621
0.840
1.455
0.672
0.767
0.939
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0.973
0.164
0.127
0.809
0.096
0.243
0.057
0.169
0.113
0.143
0.869
0.156
0.141
0.061
0.118
0.146
0.103
0.228
0.106
0.146
0.293
0.158
0.338
0.077
0.111
0.147
0.212
0.072
0.118
0.519

2.007
0.561
0.726
0.829
0.739
0.741
0.693
0.629
0.805
0.925
0.657
0.740
0.887
0.376
0.440
0.478
0.422
1.083
0.822
0.721
1.129
0.688
0.538
0.388
0.500
0.507
1.136
0.626
0.574
0.430

open ﬁrst oﬀerings
sd.
min.
5.413
1.096
1.118
3.578
1.048
1.578
0.867
1.282
1.198
1.409
4.000
1.291
1.263
0.559
0.947
0.914
0.798
1.780
1.255
1.224
2.155
1.307
1.821
0.646
0.875
1.020
1.797
0.864
1.020
2.598

max.

Per-attendant contributions (in euro’s) at the church level

closed ﬁrst oﬀerings
med.
sd.
min.
max.
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11
13
7
10
18
15
13
13
14
15
14
15
11
13
15
14
12
9
17
9
11
14
13
14
12
14
9
19
17
13

#

0.013

0.356
0.037
0.087
0.311
-0.786
0.151
-0.046
-0.017
0.030
-0.003
0.179
0.047
0.029
-0.063
0.017
0.047
-0.057
-0.009
-0.040
-0.012
0.026
0.144
0.046
0.002
0.025
-0.122
0.110
0.005
-0.077
-0.034

diﬀerence
in mean
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mean
—
0.642
0.911
0.891
0.994
0.733
0.778
0.630
0.823
0.981
0.684
0.881
0.792
0.512
0.514
0.501
0.808
1.221
0.833
0.700
1.081
0.825
0.701
0.421
0.461
0.741
1.218
0.624
0.734
0.598
0.767

closed second oﬀerings
med.
sd.
min.
max.
—
—
—
—
0.644
0.086
0.449
0.803
0.721
0.682
0.472
2.836
0.904
0.187
0.594
1.178
0.754
0.691
0.562
3.289
0.740
0.059
0.656
0.850
0.722
0.199
0.542
1.327
0.635
0.099
0.465
0.784
0.781
0.165
0.589
1.228
0.968
0.159
0.611
1.194
0.647
0.156
0.360
1.032
0.856
0.181
0.578
1.306
0.795
0.097
0.595
0.963
0.416
0.299
0.258
1.335
0.501
0.117
0.362
0.799
0.477
0.106
0.360
0.804
0.639
0.560
0.430
2.379
1.184
0.444
0.341
2.048
0.759
0.231
0.633
1.438
0.661
0.121
0.572
1.091
1.011
0.192
0.929
1.434
0.783
0.135
0.640
1.073
0.613
0.402
0.428
1.868
0.424
0.044
0.350
0.516
0.444
0.088
0.361
0.646
0.646
0.377
0.481
1.951
1.171
0.311
0.962
2.247
0.628
0.091
0.466
0.804
0.651
0.314
0.485
1.525
0.580
0.143
0.412
0.920
0.716
#
0
12
10
14
14
12
13
17
15
12
18
12
18
11
10
17
10
11
16
17
6
14
11
14
13
13
15
12
14
14
385
mean
—
0.688
0.910
0.895
0.820
0.804
0.725
0.786
0.861
1.133
0.654
0.853
0.926
0.402
0.547
0.630
0.717
1.735
0.802
0.936
1.191
0.881
0.789
0.446
0.566
0.632
1.128
0.628
0.687
0.666
0.808

open second
med.
sd.
—
—
0.670
0.090
0.923
0.037
0.863
0.283
0.783
0.132
0.831
0.117
0.701
0.099
0.688
0.448
0.874
0.121
1.066
0.261
0.574
0.187
0.836
0.147
0.842
0.209
0.410
0.085
0.560
0.068
0.583
0.117
0.707
0.090
1.667
0.649
0.811
0.112
0.921
0.303
1.128
0.168
0.900
0.132
0.702
0.252
0.447
0.045
0.573
0.073
0.635
0.124
1.212
0.214
0.607
0.111
0.672
0.129
0.675
0.084
0.788

oﬀerings
min.
max.
—
—
0.522
0.874
0.868
0.940
0.531
1.814
0.643
1.139
0.601
0.965
0.597
0.906
0.550
2.194
0.611
1.054
0.788
1.717
0.531
1.170
0.645
1.100
0.750
1.302
0.266
0.542
0.451
0.669
0.525
0.891
0.593
0.893
1.157
3.405
0.612
1.034
0.625
1.631
1.049
1.509
0.659
1.167
0.557
1.390
0.386
0.536
0.442
0.683
0.452
0.908
0.697
1.258
0.483
0.951
0.484
0.935
0.539
0.860
#
0
17
3
15
15
16
15
12
11
16
11
10
8
16
17
10
15
10
12
11
6
13
14
15
15
15
6
15
15
13
367
0.046
-0.001
0.004
-0.174
0.071
-0.053
0.156
0.038
0.152
-0.030
-0.029
0.134
-0.109
0.033
0.129
-0.091
0.513
-0.031
0.237
0.110
0.057
0.088
0.025
0.106
-0.109
-0.090
0.004
-0.047
0.068
0.042

diﬀerence
in mean

Note: Gratitude oﬀerings and oﬀerings held during or directly after celebration of the Lord’s Supper are excluded.

parish
1
2
3
4
5
6
7
8
9
10
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27
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30
mean
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Table A.2: Deﬁnition of explanatory variables
gathering mode
bag the oﬀering is gathered by means of bags;
basket the oﬀering is gathered by means of baskets
plate the oﬀering is gathered by means of plates;
mug the oﬀering is gathered by means of mugs;
LS open the Lord’s supper oﬀering is gathered
by means of baskets or plates;
LS closed the oﬀering is gathered
by means of bags or mugs;
gratitude the oﬀering is a so-called
gratitude oﬀering
oﬀerings
is 2nd a second oﬀering takes place during service;
is 3rd a third oﬀering takes place during service;
is exit a exit oﬀering takes place after service;
mission exit the exit oﬀering is meant for missionary work;
simultaneous the second oﬀering directly follows the
ﬁrst oﬀering;
recommendation the oﬀering has received a special recommendation
in advance;
relation the purpose of the oﬀering bears a relationship
with the theme of the service;
service
music there are additional musicians during service;
family service the service has special attention for children
or youth
special service the service has a special character;
evening service an additional evening service is held at
the same day;
sun daily hours of sunshine as a percentage
of the maximum amount (cont. variable);
Chr. celebration the service takes place at Easter or Pentecost;
own minister the service is led by the own minister;
coﬀee there is opportunity to drink coﬀee (for free)
after service;
purposes
parish the purpose of the oﬀering is the parish in general;
internal the purpose of the oﬀering is a speciﬁc cause
within the own parish;
federation the purpose of the oﬀering is the National
Baptist Federation;
external the purpose of the oﬀering is a cause outside
the own parish
Eastern Europe if the purpose of the oﬀering is a cause
in Eastern Europe.
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Chapter 7

Price-Setting Behavior
under Social Interactions
and Peer Group Formation
7.1

Summary and overview

This chapter analyzes the eﬀects of the presence of social groups on the pricesetting behavior of a proﬁt-maximizing monopolist that produces a good with
a positive (local) consumption externality. The partition of society into groups
does not unambigiously give the monopolist the opportunity to raise its price
and increase its proﬁt. The eﬀects depend on a non-trivial interplay between
the strength of the consumption externality and on the speciﬁc composition of
the social groups.

7.2

Introduction

This chapter analyzes the eﬀects of the presence of diﬀerent social groups in
society on price-setting behavior of a proﬁt-maximizing monopolistic ﬁrm. I
use social (sub)group as the encompassing term for both social classes and
social clusters. Social classes (or subcultures) are groups of individuals who
are close according to some measure of social distance, like e.g. income, age or
educational level. Think for example of yuppies or the population of students.
Social clusters — which may alternatively be called cliques or peer groups —
This chapter is based on joint work with Bert Schoonbeek. The related working paper
is Soetevent and Schoonbeek (2003).
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are groups of individuals with a high degree of personal interrelatonships, like
for example children in the same class.1
Authors like Akerlof have stressed the importance of social groups in individual decision making, calling “the potential existence of ( . . . ) subgroups
in the population with their own norms and values ( . . . ) one of the most
important consequences of social interaction theory.” (Akerlof, 1997, p. 1010.)
Within a group, there may be strong incentives to mimic the consumption
behavior of the other members. This may be caused by social reasons (conformity), technological reasons (network eﬀects), or by reasons of information
dissemination. To give an example, consider a teenager thinking about buying a cell phone. The utility he derives from owning a cell phone is likely
to increase with the relative number of members in his social subgroup that
own a cell phone, for mere reasons of communication or because his peers will
possibly ostracize him if he refuses to buy a cell phone.2 I refer to these positive consumption externalities that are contingent on an individual’s subgroup
as local externalities. They have to be contrasted with the externalities that
are commonly studied in the network literature. These are of a global nature
in the sense that they work through the number of individuals in society as
a whole that owns the good. The observed correspondence between network
models and social interaction models3 holds as long as society is considered as
one large social group, but changes character when society is partitioned into
diﬀerent groups.
Since local externalities are dependent on the social groups within society,
changes in the composition of these groups can lead to changes in equilibrium
pricing decisions. In this chapter, a simple, two-stage model with a proﬁtmaximizing monopolistic ﬁrm is developed4 to analyze a market with local
consumption externalities. In the ﬁrst stage, the ﬁrm sets a (uniform) price for
its good and in the second stage, consumers decide whether or not they buy this
good. Due to the consumption externality, the purchase decision of a consumer
is postively dependent on the fraction of consumers in his or her group who buy
the good. I analyze the consequences of the presence of diﬀerent social groups
by comparing a benchmark case without diﬀerent subgroups with the situation
in which society is partitioned into two non-overlapping social groups. The
price set by the monopolist and its proﬁt are dependent on the strength of the
1 In the literature on networks, the clustering coeﬃcient measures how closely knit a circle
of friends is (Barabási, 2002).
2 Ormerod (1998, p. 23) describes how the dissemination of information aﬀects consumption decisions within social groups: “If a friend or neighbour buys a VHS machine and is
satisﬁed, you are more likely to do the same.”
3 For example, Grilo, Shy and Thisse (2001) note with respect to the externality caused
by network goods: “Though the reasons for this externality are technological rather than
social, the corresponding models lead to reduced forms that can be used to study the market
impact of the social phenomena described above.”
4 For simplicity, I focus on the monopolistic case, but the main message — proﬁtmaximizing ﬁrms should react to the presence of diﬀerent social groups in society — is
equally valid in other market environments.
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consumption externality and on the speciﬁc groups that are formed. Perhaps
somewhat surprisingly, the presence of diﬀerent groups does not automatically
increase the proﬁt of the monopolist. For some conﬁgurations, it lowers the
price and the monopolist incurs a loss as compared to the benchmark case.
In practice, changes to social groups can occur exogenously, as a result of
societal or policy changes.5 For example, the tendency to decrease class size
can be viewed as a development toward smaller social groups, at least when
one takes the position that a pupil’s class is a good proxy for his social group.6
In this chapter, the focus is on these exogenous changes in social groups.
Clearly, the monopolist may (besides changing its price) also react to the
presence of diﬀerent groups by means of advertising campaigns that are aimed
at inﬂuencing an individual’s perception of the fraction of members in his or
her group that buy the product. A real-life example is the Vodafone ‘How are
you?’-campaign. To teenagers, Vodafone tries to point out that a large fraction
of other teenagers in their subgroup own a cell phone by depicting young people
having fun at a pop concert. In the same commercial, the company conveys a
similar message to business men, by showing people gathered in an oﬃce for
an important meeting. However, the monopolist’s advertisement decisions are
not explicitly modeled in the current model.
In studies on network eﬀects, the existence of a positive consumption externality gives rise to the analysis of compatibility decisions — should ﬁrms
opt for manufacturing compatible or incompatible products (Farrell and Saloner, 1985; Katz and Shapiro, 1985 ; Ellison and Fudenberg, 2000); should
they choose whether or not to oﬀer an adapter to make their products compatible (Baake and Boom, 2001) — and to the issue whether producers should
engage in introductory pricing to attract a critical mass of consumers (Cabral,
Salant and Woroch, 1999). I want to stress that one cannot simply interpret
the partition of society into smaller social groups as some kind of ‘reversed
compatibility’. When compatibility is made undone, the absolute number of
people in an individual’s network unambiguously decreases. However, in the
model of this chapter, the key determinant is the fraction of individuals within
an individual’s group that owns and uses the good. This fraction may as well
go up as down due to the partition. Furthermore, in the current model the
separation between groups is not determined by product heterogeneity but by
exogenous individual characteristics.
5 Deliberate changes in social groups by self-selection of individuals, an issue that plagues
empirical studies on social interactions, is modeled in another branch of literature (see e.g.
Evans, Oates and Schwab, 1992) and is not addressed in this chapter.
6 The reason for this decrease is the impression that pupils in small classes have an advantage over pupils in larger classes in reading and math, and is as such exogenous in the current
analysis. The ﬁnding is e.g. stated by Jeremy Finn and C.M. Achilles in the American Educational Research Journal (Fall 1990) when they refer to the Student/Teacher Achievement
Ratio (STAR) project: “This research leaves no doubt that small classes have an advantage
over larger classes in reading and math in early primary grades.” (see http://www.herosinc.org/star.htm)
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In the next section, the model is introduced. In section 7.4, equilibrium demand, price and proﬁt are derived for a society without diﬀerent social groups,
and in section 7.5, the same is done for a society segmented into two nonoverlapping social groups. Section 7.6 investigates under which conditions the
presence of the two groups increases or decreases the monopolist’s equilibrium
proﬁt. Section 7.7 concludes.

7.3

The model

Consider a market on which a monopolistic ﬁrm supplies one good to a continuum of consumers with mass equal to 1. This continuum is segmented into
J ≥ 1 social groups. The market is modelled as a two-stage game. In stage 1
the monopolist determines the price p of the good. Assume that the ﬁrm is not
able to charge diﬀerent prices to the diﬀerent groups. Given p, the consumers
determine their demand for the good in stage 2. I will derive the equilibrium
of this model using backward induction.
Every consumer buys either one unit of the good or none at all. Within a
subgroup, consumers are heterogeneous in their intrinsic utility for the product,
but homogeneous with respect to the consumption externality. The utility of
a consumer in group j, j ∈ {1, 2, . . . , J}, is given by:

φ + γλj − p if the consumer buys the product;
(7.1)
U (φ, λj , p) =
0
otherwise.
Here φ denotes the intrinsic utility of the consumer for the product, with φ
uniformly distributed on the interval [0, φ̂]. Without loss of generality take
φ̂ = 1. Social groups are formed by partitioning the population according to
the intrinsic utility φ. λj is the fraction of consumers in social group j that
buys the product, with j ∈ {1, 2, . . . , J}. The parameter γ > 0 incorporates
the strength of the bandwagon eﬀect.7 I assume that the bandwagon eﬀect is
equally pervasive in all groups, that is, γ is the same for all groups.
It is important to note that λj represents the fraction of the agents in subgroup j consuming the good, not the absolute size of the local social network:
other things equal, this means that the consumption externality is stronger if 2
out of 3 peers consume the good (λj ≈ 0.67), than if 4 out of 10 peers consume
the good (λj = 0.40), even though the absolute size of the local social network
is larger in the latter instance. For example, in the cell phone example it is
easy to imagine that a consumer has a larger propensity to buy a cell mobile
phone when he can use it to communicate with 2 out of his 3 peers than when
only 4 of his 10 peers can be reached by means of cell phone.
7 The bandwagon eﬀect was deﬁned by Leibenstein (1950) as ‘the extent to which the
demand for a commodity is increased due to the fact that others are also consuming the
same commodity.’ Note that γ = 0 corresponds to the classical case where externalities are
absent.
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In stage 2, consumers maximize their utility, taking as given the decisions of
all other consumers. Assume that each consumer has perfect foresight regarding
the purchase decision of the other consumers. Further, the ﬁrm has perfect
foresight with respect to consumers’ demand. The price that the ﬁrm charges
in stage 1 is set so that proﬁts are maximized. To ease the exposition, the
marginal costs of the ﬁrm are normalized to be zero. Thus, the ﬁrm’s decision
process is
max π = D(p)p,
p

(7.2)

where D(p) denotes the total (equilibrium) demand for the good in stage 2.
Before entering upon the consequences of the presence of diﬀerent subgroups, I will ﬁrst analyze the outcomes when society is not segmented, that
is J = 1. This analysis will serve as a benchmark for the results obtained in
subsequent sections.

7.4

The unsegmented society

Assume from now on that γ < 1; that is, for the consumer with the highest
valuation the eﬀect of the consumption externality is always smaller than his
intrinsic utility for the good. For larger values of γ, the bandwagon eﬀect
predominates, which results in rather trivial equilibria in which everyone buys
the good.

7.4.1

Consumer’s demand

In general, there are in stage 2 three possible (Nash) equilibria when the total
population is not split into subgroups: one where none of the consumers buys;
one where a fraction of consumers buys; and one where all consumers buy the
good. In equilibria where only a fraction of consumers buys, they must group
according to their type, since ∂U (·)/∂φ > 0. For this reason, deﬁne λ = (1− φ̄),
where φ̄ denotes the intrinsic utility of the marginal consumer who is indiﬀerent
between buying or not buying (note that, for notational simplicity, I delete the
subindex of λ in this one-group case). Solving the indiﬀerence condition for
this marginal consumer, we obtain:
4
'
p−γ
φ̄ + γ(1 − φ̄) − p = 0 ⇒ φ̄ =
.
(7.3)
1−γ
The consumers that buy the good are those with φ ∈ [φ̄, 1]. Assume that
the marginal consumer purchases the good as well. Equation (7.3) shows that
φ̄ ≤ 1 ⇔ p ≤ 1 and 0 ≤ φ̄ ⇔ p ≥ γ, and the following proposition is obtained:
Proposition 7.1 In stage 2 equilibrium demand D(p) is:
(i) If p ≤ γ ⇒ D(p) = 1;
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(ii) If γ ≤ p ≤ 1 ⇒ D(p) = 1 − φ̄ =



1−p
1−γ


;

(iii) If p ≥ 1 ⇒ D(p) = 0.
Thus, demand is complete (the mass of consumers who buy the good is equal
to zero) if the price is relatively small, demand is zero if the price is relatively
large, and demand is incomplete (the mass of consumers who buy the good is
between zero and unity) if the size of the price is in between.

7.4.2

Firm’s pricing decision

Turning to stage 1, I derive the pricing behavior of the monopolist, given any
γ. First, assume that (equilibrium) demand is D(p) = (1 − p)/(1 − γ). It then
easily follows that proﬁt is maximized if the price equals p0 = 12 , giving a proﬁt
of π 0 = π(p0 ) = 1/(4(1 − γ)). Note that demand only takes on this form when
γ ≤ p ≤ 1. Verifying this condition when p0 = 12 leads to the restriction that
γ ≤ 12 . If γ ≥ 12 , all consumers want to buy the product as long as p ≤ γ,
leading to the optimal price p0 = γ with corresponding proﬁt π 0 = π(p0 ) = γ.
The results are summarized below.
Proposition 7.2 The proﬁt-maximizing equilibrium price p0 and corresponding proﬁt π 0 = π(p0 ) are:
(i) If 0 < γ ≤
(ii) If

1
2

1
2

⇒ p0 = 12 ; π 0 =

1
4(1−γ) ;

≤ γ < 1 ⇒ p0 = γ; π 0 = γ.

The result shows that when the conformity eﬀect is relatively weak (γ < 12 ), the
equilibrium price is unaﬀected by γ, but proﬁt increases in γ, due to the fact
that the demand increases if the bandwagon eﬀect becomes stronger. When the
propensity to conform is suﬃciently strong (γ ≥ 12 ), the monopolist will always
capture the entire market in equilibrium. In that case, proﬁt increases in γ,
since the optimal price increases if the bandwagon eﬀect becomes stronger.

7.5

A society with subgroups

In this section, the consequences of social groups on equilibrium demand, price
and proﬁt are analyzed. For simplicity, I focus on the case with two social
groups (J = 2). The segmentation is implemented by splitting the original
population into two groups according to the intrinsic utility of the consumers.
Consumers with the lower intrinsic utility φ ∈ [0, φs ) are assigned to group 1
and consumers with the higher intrinsic utility φ ∈ [φs , 1] are assigned to group
2. I assume that φs is exogenously given, with 0 < φs < 1.
One can interpret the segmentation process literally as sorting individuals
according to their intrinsic utility. In diﬀerentiating between youth and business men, Vodafone possibly indirectly distinguishes between two groups with
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diﬀerent intrinsic utilities for cell phones, as it might be that the intrinsic utility
that business men derive from a cell phone is higher or lower than the intrinsic
utility youth derives from the same product.
One can also interpret the segmentation based on φ as a segmentation on
basis of income. This can be seen as follows. Suppose, for the moment, that a
population of consumers have identical ordinal preferences, and diﬀer only in
their incomes. Consider the additive separable utility function
U = s + u(I − p),

(7.4)

where I is the income of the consumer, s is the utility associated with the
good under consideration, and u(I − p) the utility associated with all other
goods. Assume that u(·) is strictly concave. If p is small relative to I, then the
ﬁrst-order Taylor expansion shows that
U = s − u (I)p,

(7.5)

which implies that the utility function is formally equivalent with
U = θs − p,

(7.6)



with θ ≡ 1/u (I). (See also Tirole, 1988, p. 97.) When income is high,
marginal utility of income is low and the value of θ is large. This corresponds
with a large value of φ in (7.1), when the externality eﬀect in this equation is
neglected. With reference to the examples, it is plausible that a segmentation
into youth and business men also entails a segmentation on basis of income.
With respect to schools, a segmentation of pupils, correlated with the funds
they can draw on, occurs when richer families have a tendency to send their
children to private instead of public schools.
Notwithstanding these interpretations, the treatment of the presence of different subgroups is, admittedly, somewhat stylized, but it allows me to derive
tractable analytical results below for values of φs over the whole range (0, 1).

7.5.1

Consumer’s demand

The utility of the consumers in group 1 and 2 is still described by (7.1), with
j = 1 and 2, respectively. The demand function for each of the groups is
derived in a similar fashion as the demand function for the total population in
the previous section. Again, in equilibria where only a fraction of the consumers
buys, they must group according to their type, such that λ1 = (φs − φ̄1 )/φs
and λ2 = (1 − φ̄2 )/(1 − φs ), where φ̄1 and φ̄2 denote the intrinsic utility of the
marginal consumers in group 1 and 2, respectively, that are indiﬀerent between
buying and not buying. Solving the indiﬀerence conditions for these marginal
consumers leads, respectively, to
4
φ̄1 + γ

φs − φ̄1
φs

4

'
− p = 0 ⇒ φ̄1 =

p−γ
φs − γ

'
φs , for γ < φs ,

(7.7)
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Figure 7.1: Partition of the (γ, φs )-space.
and
4
φ̄2 + γ

1 − φ̄2
1 − φs

4

'
− p = 0 ⇒ φ̄2 =

(1 − φs )p − γ
1 − φs − γ

'
, for γ < 1 − φs .
(7.8)

Using the expressions for φ̄1 and φ̄2 , we can easily derive total equilibrium
demand D(p) = D1 (p) + D2 (p), whenever γ < min(φs , 1 − φs ).
Whenever γ ≥ min(φs , 1 − φs ), multiple demand equilibria may arise for
some price intervals in both group 1 and group 2. For example, take the
situation with φs = γ and focus on group 1. Three price intervals can now
be distinguished. First, suppose that p < γ. Then there is no equilibrium
in which a fraction of the consumers buys the good. However, if all other
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consumers of group 1 buy the good, then even the consumer in group 1 with
the lowest intrinsic utility (φ = 0) will buy the good (that is, 0 + γ · 1 − p > 0).
Thus, there is an equilibrium in which all consumers of group 1 buy. Further,
there is no equilibrium in which no consumer of group 1 buys the good (since
φs + γ · 0 − p > 0). Combining results, if p < γ, then there is a unique
equilibrium given by D1 (p) = φs . Second, suppose that p = γ. Using the same
kind of reasoning, it can be seen that now we have an equilibrium in which all
consumers buy the good as well as an equilibrium in which no consumer buys
the good. Even more, it can be veriﬁed that equilibrium demand in group 1 can
equal any number between 0 and φs . Thus, there is a continuum of equilibria
in this case. Third, suppose that p > γ. Then, we can show in a similar way
that the unique equilibrium is given by D1 (p) = 0.
Considering the continuum of equilibria for the case where p = γ, note
that the equilibrium in which all consumers of group 1 buy the good Pareto
dominates all other ones. For this reason, I follow Shy (2001, p. 20) and say
that the latter equilibria are characterized by a coordination failure. From now
on, the following assumption is adopted:
Assumption 7.1 There is no coordination failure in equilibrium demand for
the good.
This assumption is commonly used to solve problems with multiple equilibria
(see e.g. Shy, 2001; Baake and Boom, 2001 ). On basis of this assumption,
the Pareto dominated equilibria are ruled out in favor of the equilibrium where
all consumers buy. Invoking the assumption in the example, we have that
D1 (p) = φs if p = γ.
Proceeding, it is useful to introduce a partition of the (γ, φs )-space (with
0 < γ < 1 and 0 < φs < 1) into the following four domains:
domain
domain
domain
domain

A:
B:
C:
D:

γ < min(φs , 1 − φs );
1 − φs ≤ γ < φs ; φs > 12 ;
φs ≤ γ < 1 − φs ; φs < 12 ;
γ ≥ max(φs , 1 − φs ).

See also ﬁgure 7.1 (in which domain A is further divided into subdomains A1 to
A6 , as discussed below). In domain A the conformity eﬀect is below average,
γ < 12 , while in domain D this eﬀect is above average. Products for which
a conformity eﬀect is especially important are situated in the latter domain.
In domain B the dividing line between groups is drawn for a value of the
intrinsic utility parameter that is above average, φs > 12 . This means that a
small group 2 with a higher than average intrinsic utility comes into existence.
For example, the shift of children from (very) wealthy families toward private
schools is modelled best with parameter values in this domain. In domain C on
the contrary, the split takes places in the lower part of the intrinsic utility range,
resulting in a small group 1. In this case, one can think of ﬁrms introducing a
product to the main category of quite interested potential buyers, while there
is a small fraction of the population that has scarcely interest in the good.
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The following proposition can be derived in a straightforward way:8

Proposition 7.3 Imposing Assumption 7.1, in stage 2 total equilibrium demand D(p) is described by:
domain A. For γ < min(φs , 1 − φs ):
(iA) If p ≤ γ ⇒ D(p) = 1;



(iiA) If γ ≤ p ≤ φs ⇒ D(p) = 1 +

γ−p
φs −γ


φs ;

(iiiA) If φs ≤ p ≤ φs + γ ⇒ D(p) = 1 − φs ;
(1−φs −p)+φs p
;
1−φs −γ

(ivA) If φs + γ ≤ p ≤ 1 ⇒ D(p) =
(vA) If 1 ≤ p ⇒ D(p) = 0.
domain B. For 1 − φs ≤ γ < φs :
(iB) If p ≤ γ ⇒ D(p) = 1;
(iiB) If γ ≤ p ≤ φs ⇒ D(p) = 1 +



γ−p
φs −γ


φs ;

(iiiB) If φs ≤ p ≤ φs + γ ⇒ D(p) = 1 − φs ;
(ivB) If φs + γ < p ⇒ D(p) = 0.
domain C. For φs ≤ γ < 1 − φs :
(iC) If p ≤ γ ⇒ D(p) = 1;
(iiC) If γ < p ≤ φs + γ ⇒ D(p) = 1 − φs ;
(iiiC) If φs + γ ≤ p ≤ 1 ⇒ D(p) =

(1−φs −p)+φs p
;
1−φs −γ

(ivC) If 1 < p ⇒ D(p) = 0.
domain D. For γ ≥ max(φs , 1 − φs ):
(iD) If p ≤ γ ⇒ D(p) = 1;
(iiD) If γ < p ≤ φs + γ ⇒ D(p) = 1 − φs ;
(iiiD) If φs + γ < p ⇒ D(p) = 0.
Proposition 7.3 states equilibrium demand in stage 2 for all relevant price intervals and all combinations of parameter values (γ, φs ). Observe that only the
following ﬁve types of equilibrium demand may occur: (a) demand is complete
in both groups; (b) demand is incomplete in group 1 and complete in group
2; (c) demand is zero in group 1 and complete in group 2; (d) demand is zero
in group 1 and incomplete in group 2; (e) demand is zero in both groups. In
particular, it is not possible that equilibrium demand is incomplete in both
groups.
8 The

proof is given in the appendix.
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The monopolist’s pricing decision

Now, we want to derive the pricing decision for the monopolistic ﬁrm, given
any γ and φs . To this purpose, a separate analysis is performed for each of
the four domains A till D. For example for domain A, the optimal price is
calculated in the following way. First, we calculate for all price intervals (iA)
up to (vA) mentioned in Proposition 7.3 the optimal price, say p∗iA , . . . , p∗vA ,
and corresponding proﬁts (π(p∗iA ), . . . , π(p∗vA )) under the restriction that this
price indeed is in the given interval. Second, the expressions for the maximum
proﬁts in the diﬀerent price intervals are compared with each other. The price
that globally maximizes proﬁt in domain A is obtained as:
p∗ = arg max{π(p∗iA ), . . . , π(p∗vA ); γ, φs },

(7.9)

and the corresponding proﬁt is π ∗ = π(p∗ ).
Deferring derivations to the Appendix, I present here the optimal price and
corresponding proﬁt for each of the domains. Doing so, I ﬁrst introduce two
threshold values for γ:
γ=

φs (1 − 2φs )
φs
.
and γ̄ =
1 − φs
φs + 1

(7.10)

Notice that γ < γ̄ since φs > 0. It turns out that domain A must be divided
into the following six subdomains for which the proﬁt comparison is executed
separately: A1 = {(γ, φs ) ∈ A| γ ≥ γ̄ and γ > 12 − φs }, A2 = {(γ, φs ) ∈ A| γ ≥
γ̄ and γ ≤ 12 − φs }, A3 = {(γ, φs ) ∈ A| γ < γ < γ̄ and γ > 12 − φs }, A4 =
{(γ, φs ) ∈ A| γ < γ < γ̄ and γ ≤ 12 − φs }, A5 = {(γ, φs ) ∈ A| γ ≤ γ and γ >
1
1
2 − φs } and A6 = {(γ, φs ) ∈ A| γ ≤ γ and γ ≤ 2 − φs }. The division of
domain A into the six subdomains is depicted in ﬁgure 7.1. Note that on the
curve d1 the equality γ = γ holds, on the curve d2 the equality γ = γ̄ holds,
on the straight line d3 we have γ = 12 − φs , and on the straight line d4 we have
γ = 1 − φs . (The curve γ3 - γ4 in ﬁgure 7.1 is explained in section 7.6.)
It further turns out that, depending on the values of γ and φs , in equilibrium
there are four possible expressions for the optimal price and corresponding
proﬁt. I introduce the following notation for these four combinations:
pI
pII
pIII
pIV

= 12 ;
= φs + γ;

πI
π II

= φs −γ(1−φ)
; π III
2φs
= γ;
π IV

(1−φs )
= 4(1−φ
;
s −γ)
= (1 − φs )(φ + γ);
2

−γ(1−φs )]
= [φs4φ
;
s (φs −γ)
= γ.

(7.11)

Now we are able to present the following proposition.
Proposition 7.4 Imposing Assumption 7.1, the proﬁt-maximizing equilibrium
price p∗ and corresponding proﬁt π ∗ = π(p∗ ) are described by:
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(a) For (γ, φs ) ∈ A2 , A4 , A6 ⇒
(b) For (γ, φs ) ∈ A1 , A5 ⇒
(c) For (γ, φs ) ∈ A3 :
if φs ≤ 23 and γ ∈ [γ1 , γ2 ] ⇒
/ [γ1 , γ2 ] ⇒
if φs ≤ 23 and γ ∈
2
if φs > 3 ⇒
(d) For (γ, φs ) ∈ B:
if γ < γ̄ ⇒
if γ ≥ γ̄ ⇒
(e) For (γ, φs ) ∈ C:
if γ ≤ 12 − φs ⇒
if γ > 12 − φs ⇒
(f ) For (γ, φs ) ∈ D ⇒

p∗ = pI ;
p∗ = pII ;

π∗ = πI ;
π ∗ = π II ;

p∗ = pII ;
p∗ = pIII ;
p∗ = pIII ;

π ∗ = π II ;
π ∗ = π III ;
π ∗ = π III ;

p∗ = pIII ;
p∗ = pIV ;

π ∗ = π III ;
π ∗ = π IV ;

p∗ = pI ;
p∗ = pII ;
p∗ = pIV ;

π∗ = πI ;
π ∗ = π II ;
π ∗ = π IV .

Here γ̄ is deﬁned in (7.10), pI , . . . , pIV and π I , . . . , π IV are deﬁned in (7.11),
and
0
2φ2 (1 − φs )(2 − 3φs )
φs
γ1,2 =
.
± s
1 + 3φs
(1 − φs )(1 + 3φs )
Proof: See the Appendix.
In ﬁgure 7.2 the equilibrium fractions of buyers in both groups is depicted
for the four possible outcomes given in Proposition 7.4. In this ﬁgure λI1 and
λI2 denote the fractions of consumers that buy in equilibrium in, respectively,
group 1 and group 2, in the area where the optimal proﬁt is given by π I . In a
II
similar way, I deﬁne λII
1 and λ2 , etcetera.
Note that the area where π I is maximal is in the lower left corner of ﬁgure 7.2, where both the bandwagon eﬀect γ is relatively small and the value
φs at which the original population is split is small. The latter implies that
group 1 is relatively small here, whereas group 2 is relatively large. Figure 7.2
shows that below the line d3 , only a fraction of the consumers in group 2 (those
with the higher intrinsic utility) buys and nobody in group 1. Intuitively, a
higher γ helps the ﬁrm to win consumers for his product. Since in the lower
left corner, both the intrinsic utility of the consumers in group 1 (and, thus,
the size of this group) and the value of γ are low, it is not proﬁtable for the
ﬁrm to lower prices to induce individuals in group 1 to buy. Moreover, the low
value of γ also prohibits the ﬁrm from selling to all members of group 2. At
points at the line d3 , all individuals in group 2 buy, even the person with the
lowest intrinsic utility φs . The message this line contains is that it is proﬁtable
for the ﬁrm to sell to the person with lowest intrinsic utility φs in group 2,
even as (starting from a point on d3 ) the value of φs decreases, as long as this
decrease is compensated by an accompanying increase in the bandwagon eﬀect
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γ. Notice that due to this increase in the bandwagon eﬀect, the ﬁrm does not
have to decrease prices to induce the marginal group 2 member to buy (on d3
the equilibrium price always equals 12 ).

1
0 < λΙΙΙ ≤ 1

d

1

2

ΙΙΙ

λ2 = 1

λΙV = 1
1

γ

γ1

2
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ϕs 1/2

λ2 = 1

λΙΙ = 0
1

d3

λΙ1 = 0

d4

ΙΙ

λ2 = 1

Ι

0 < λ2 ≤ 1
0

1/2
γ

1

Figure 7.2: Equilibrium fractions of buyers for the diﬀerent areas in (γ, φs )space.
In the middle part of ﬁgure 7.2, π II is optimal. The ﬁgure shows that in this
case the equilibrium price is such that the monopolist captures all members of
group 2 as customers and none of group 1: the segmentation of the population
into buyers and non-buyers coincides with the segmentation into peer groups.
Again, the low intrinsic utility of the potential buyers in group 1 makes it
unattractive for the ﬁrm to sell to them. However, the value of γ is high
enough to win all members of group 2 for the product. In the next section, I
discuss that in this area, given φs , a stronger bandwagon eﬀect leads to strongly
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increased prices. However, once the border denoted by d4 is crossed, it pays to
decrease prices sharply in order to induce all individuals in group 1 to buy the
product too. On the line denoted by d4 , π II = π IV .
In the upper left corner of ﬁgure 7.2, the value φs is relatively high, which
means that group 1 is relatively large and group 2 is relatively small. Moreover, the bandwagon eﬀect is modest. In this area π III is optimal, and all
members of group 2 as well as some individuals of group 1 (those with the
higher intrinsic utility) buy. In the next section I argue that the ﬁrm makes
some price concessions to induce consumers in group 1 to buy the product. If
the curve denoted by γ1 and γ2 is crossed in upward direction, consumers in
group 1 with the highest values of the intrinsic utility parameter are starting to
buy the good. On curve d2 in ﬁgure 7.2 all members of group 1 buy, even the
person with intrinsic utility equal to zero. If, starting from a point on d2 , the
size of φs increases, then the price will increase (see pIII ). The individual of
group 1 with intrinsic utility equal to zero is just induced to buy if this increase
in price is compensated by an accompanying increase in the bandwagon eﬀect
γ.
Finally, in the (upper) right part of ﬁgure 7.2, π IV is optimal. In this area
all individuals will buy in equilibrium. The reason is that in this case, the size
of the bandwagon eﬀect prevails over the individual intrinsic utilities.

7.6

Eﬀects of social subgroups on prices and
proﬁts

Properties 7.2 and 7.4 provide the equilibrium price and proﬁt for the situation
with one or two social groups, respectively. We can now compare the equilibrium prices and proﬁts that are obtained before and after the formation of
subgroups. Given the presence of a bandwagon eﬀect, it is natural to think that
splitting a population into smaller groups is beneﬁcial for the ﬁrm, since smaller
groups increase the possibilities to use the bandwagon eﬀect to its advantage.
Proposition 7.5 shows that this is only partially true. The proposition gives
the exact combinations of γ and φs for which equilibrium proﬁt is increased
due to the presence of diﬀerent social groups.

Proposition 7.5 Imposing Assumption 7.1, let π 0 be the equilibrium proﬁt
with one social group and π ∗ be the equilibrium proﬁt with two social groups.
We then have:

7.6 Eﬀects of social subgroups on prices and proﬁts
(a) For (γ, φs ) ∈ A1 , A2 , A4 , A5 , A6 ⇒
(b) For (γ, φs ) ∈ A3 :
if φs ≤ 12 ⇒
√
if 12 < φs ≤ − 21 + 12 5 and γ ∈ (γ3 , γ4 ) ⇒
√
if 12 < φs ≤ − 21 + 12 5 and either γ = γ3 or γ = γ4 ⇒
√
/ [γ3 , γ4 ] ⇒
if 12 < φs ≤ − 21 + 12 5 and γ ∈
√
if φs > − 12 + 12 5 ⇒
(c) For (γ, φs ) ∈ B:
if γ < 12 ⇒
if γ ≥ 12 ⇒
(d) For (γ, φs ) ∈ C ⇒
(e) For (γ, φs ) ∈ D ⇒
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π0 < π∗ ;
π0 < π∗ ;
π0 < π∗ ;
π0 = π∗ ;
π0 > π∗ ;
π0 > π∗ ;
π0
π0
π0
π0

> π∗ ;
= π∗ ;
< π∗ ;
= π∗ .

Here
γ3,4

1
1 − φs
±
=
2
2

/

φs (1 − φ2s − φs )
.
1 − φs

Using Proposition 7.5, ﬁgure 7.3 shows the (γ, φs )-combinations for which in
equilibrium the proﬁt in the case with two groups is, respectively, larger than,
smaller than, or equal to the proﬁt in the case with one group. In the lower left
part of the ﬁgure proﬁt is highest with two groups, in the upper left part proﬁt
is highest with one group, and in the right part proﬁt is the same under one
and two groups. The latter parallels a result by Grilo, Shy and Thisse (2001)
who ﬁnd in the context of a spatial duopoly model that a single ﬁrm is likely
to capture the whole market when conformity is strong enough.
I have calculated numerically for diﬀerent combinations of γ and φs the
percentage change in the equilibrium price, proﬁt and demand if one compares
the case with two groups versus the benchmark case with one group. I will not
report all the details of the calculations here, but only make the following three
observations. First, when group 2 with the consumers with a high intrinsic
utility is relatively large (that is, φs is suﬃciently small), the ﬁrm has the
possibility to increase its proﬁt by a maximum of about 18%, reached at point
(γ, φs )=(1/3, 1/3). However, if group 2 is relatively small, and the value of γ
is smaller than 1/2, the monopolist’s proﬁt decreases, with a maximal loss of
about 8%, approximately when (γ, φs )=(0.3, 0.66).
Second, I have examined whether the changes in equilibrium proﬁt are
primarily caused by changes in prices or by changes in demand. It turns out
that in the lower left part of ﬁgure 7.3 there is a strong increase in price.
Given a value of φs , prices increase sharply as the bandwagon eﬀect becomes
more pervasive, to a maximum increase of 100%. However, when the line d4 is
crossed, prices fall again to the same values as in the case without peer group
segmentation. The reason is that then it is more proﬁtable to capture the entire
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Figure 7.3: Proﬁt comparison in the equilibria with one and two groups.

market instead of only group 2. In order to attract the group 1 consumers, the
monopolist has to reduce prices.
Third, in the upper left corner of ﬁgure 7.3, the price set by the monopolist
is lower in the case with two groups than in the case with one group (the
maximal reduction here is 23%). The reason is, that for values of γ and φs
in this area, both group 2 is relatively small and consumers in group 1 with
the highest intrinsic utilities have relatively high values of φ. Thus, the ﬁrm is
eager to sell to at least some individuals in group 1. However, these individuals
are not motivated by the buyers with higher intrinsic utility who now belong
to group 2. A price reduction is needed to induce them to buy. The modest
increase in demand that results is not suﬃcient to prohibit the monopolist from
suﬀering a loss due to the presence of diﬀerent social groups.

7.7 Conclusion
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Finally, suppose for the moment that the monopolist has control over φs ,
what would then be his best response BR(γ) to an exogenously given value of
γ? The answer is that BR(γ) = (1 − γ)/2, a function that runs from point (0,
1/2) to (1, 0) in ﬁgure 7.3 (not shown). All combinations of (γ, BR(γ)) are in
II
the area with λII
1 = 0 and λ2 = 1 (see ﬁgure 7.2). This means that, when
given the opportunity, the monopolist picks φs in such a way that a perfect
segmentation in buyers and non-buyers is obtained, irrespective of the value of
γ.

7.7

Conclusion

In this chapter I explored the consequences of the presence of local consumption
externalities, due to social groups within society, for the price-setting behavior
of a proﬁt-maximizing monopolist. The partition of society into small social
groups does not inherently lead to increased market power of the monopolist.
The sign and size of the change in prices and proﬁts is dependent on both
the strength of the conformity eﬀect and on the speciﬁc social groups that are
formed.
The formation of social groups is done on basis of the intrinsic tastes for the
good. Though this implementation has an interpretation as a segmentation on
basis of income, it is somewhat stylized and for this reason should be seen as a
ﬁrst attempt to model the consequences of social groups on price setting. In this
study, I only consider the case with two groups. A natural future extension of
the model would be to consider the eﬀects of partitioning society into partially
overlapping groups. Another modiﬁcation would be to explicitly model the
advertising decisions of the monopolist. A third possible extension is to allow
for ‘multiplicative preferences’ under which the value that consumers attach to
the local consumption externality is correlated with their intrinsic utility for
the good (see Ellison and Fudenberg (2000) for an example of this).
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7.8

Appendix: Proofs of Propositions

Proof of Proposition 7.3
In the main text, in equilibria where a fraction of the consumers buys, expressions for the marginal consumer φ̄j in group j, j ∈ {1, 2} were derived. These
expressions are repeated here for convenience:
4
4
'
'
p−γ
(1 − φs )p − γ
φ̄1 =
φs ; φ̄2 =
.
(A.1)
φs − γ
1 − φs − γ
Let us now turn to the derivation of total demand D(p) = D1 (p) + D2 (p) in
each of the four domains, to begin with domain A. For this area we can use
the expressions for the marginal consumers given by (A.1) without restriction
since γ < min(φs , 1 − φs ) for this area.
Note that
p−γ
≤ 1 ⇔ p ≤ φs ,
(A.2)
φ̄1 ≤ φs ⇔
φs − γ
and
φ̄1 ≥ 0 ⇔

p−γ
≥ 0 ⇔ p ≥ γ.
φs − γ

(A.3)

Using this, we obtain that, in case γ < φs , group 1’s equilibrium demand
equals:
• If p ≤ γ ⇒ D1 (p) = φs ;
• If γ ≤ p ≤ φs ⇒ D1 (p) = φs − φ̄1 =



φs −p
φs −γ


φs ;

• If 1 ≤ p ⇒ D1 (p) = 0.
Noting that
φ̄2 ≤ 1 ⇔ p ≤ 1;

φs ≤ φ̄2 ⇔ p ≥ φs + γ,

(A.4)

a similar analysis shows that, in case γ < 1 − φs , group 2’s equilibrium demand
is:
• If p ≤ φs + γ ⇒ D2 (p) = 1 − φs ;
• If φs + γ ≤ p ≤ 1 ⇒ D2 (p) = 1 − φ̄2 =

(1−φs −p)+φs p
;
1−φs −γ

• If 1 ≤ p ⇒ D2 (p) = 0.
Combining, we directly obtain the statements for domain A as given in Proposition 7.3.
Next, in order to derive the statements for domains B, C and D, invoke
Assumption 1 and observe that, in case γ ≥ φs , equilibrium demand of group
1 is given by:
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• If p ≤ γ ⇒ D1 (p) = φs ;
• If γ < p ⇒ D1 (p) = 0,
whereas, in case γ ≥ 1 − φs , equilibrium demand of group 2 is given by:
• If p ≤ φs + γ ⇒ D2 (p) = 1 − φs ;
• If 1 + γ < p ⇒ D2 (p) = 0.
Using these results, we can easily derive the statements for domains B, C and
D of Proposition 3.

Proof of Proposition 7.4
Domain A
Recall that in domain A, it holds that γ < min(φs , 1 − φs ). First, I consider
the pricing behavior for each of the price intervals (iA) to (vA) indicated in
Proposition 7.3.
(iA) p ≤ γ When the price is smaller than or equal to γ, demand is complete in both groups and the optimal price the monopolist can choose without
leaving the price interval is choosing the price equal to the upper bound of this
∗
= π(p∗iA ) = D(p∗iA )p∗iA = γ.
interval. That is, p∗iA = γ and πiA
(iiA) γ ≤ p ≤ φs With demand given in Proposition 7.3, the following
ﬁrst-order condition for proﬁt maximization can be derived:
4
4
'
'
γ−p
φs
1+
φs −
p = 0.
φs − γ
φs − γ
Solving for p leads to the following expression for the corresponding price:
piiA =

φs − γ(1 − φs )
,
2φs

which is decreasing in γ since φs < 1. Checking whether this price obeys the
condition γ ≤ p ≤ φs results in:
piiA ≤ φs ⇔ γ ≥

φs (1 − 2φs )
≡γ
1 − φs

and piiA ≥ γ ⇔ γ ≤

φs
≡ γ̄
φs + 1

Remark that γ < γ̄ as φs > 0. Hence, for this price interval, we have to
distinguish three cases with respect to the optimal price:
∗
∗
(iiAa ) If γ ≥ γ̄, the optimal price is p∗iiAa = γ and πiiA
a = π(piiAa ) = γ;

(iiAb ) If γ < γ < γ̄, the optimal price is p∗iiAb =
π(p∗iiAb ) =

[φs −γ(1−φs )]2
4φs (φs −γ) ;

φs −γ(1−φs )
2φs

∗
and πiiA
b =
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∗
∗
(iiAc ) If γ ≤ γ, the optimal price is p∗iiAc = φs and πiiA
c = π(piiAc ) = φs (1−φs ).

Thus, when γ ≥ γ̄, demand is complete in both groups; when γ ≤ γ,
demand is zero in group 1 and complete in group 2, and when γ < γ < γ̄,
demand is incomplete in group 1 and complete in group 2.
(iiiA) φs ≤ p ≤ φs + γ When price is within this interval, demand is zero
in group 1 and complete in group 2. As in (iA) the optimal decision for the
ﬁrm is to choose price equal to the upper bound of the price interval, which is
∗
= π(p∗iiiA ) = (φs + γ)(1 − φs ).
φs + γ in this case. Thus, p∗iiiA = φs + γ and πiiiA
(ivA) φs + γ ≤ p ≤ 1 When price is within this interval, demand is zero
in group 1 and incomplete or complete in group 2. With demand given in
Proposition 7.3, solving the ﬁrst-order condition for proﬁt maximization gives
pivA = 12 . This price satisﬁes the condition φs + γ ≤ p ≤ 1 if and only if
γ ≤ 12 − φs . For this reason, we have to distinguish two cases:
(ivAa ) If γ ≤

1
2 − φs , the optimal
(1−φs )
4(1−φs −γ) . In this case, if γ

∗
∗
price is p∗ivAa = 12 and πivA
a = π(pivAa ) =
< 12 − φs , demand is positive in group 2.

∗
∗
(ivAb ) If γ > 12 − φs , the optimal price is p∗ivAb = φs + γ and πivA
b = π(pivAb ) =
(1 − φs )(φs + γ). In this case, demand is complete in group 2.

(vA) p ≥ 1 For prices larger than 1, demand is zero in both groups and
∗
= π(p∗vA ) = 0.
proﬁts are zero as well, πvA
After this derivation of the optimal price and the corresponding proﬁt for
each of the ﬁve price intervals, the second step of the procedure is carried
out. In this step, the maximum proﬁts in the ﬁve price intervals are compared
given any combination of (γ, φs ) within domain A. The price p∗ is chosen that
maximizes overall proﬁt π(p; γ, φs ). Since for price interval (iiA) and (ivA)
there are three, respectively, two, subcases – dependent on whether γ exceeds
certain threshold values – domain A is divided into the six subdomains A1 to A6
introduced in section 7.5. For each of these subdomains maximum proﬁts over
the ﬁve diﬀerent price intervals are compared, given a particular combination
of (γ, φs ). That price is deemed optimal that maximizes overall proﬁts.
The relevant expressions of proﬁt that have to be compared for the diﬀerent
subdomains are:
∗
∗
∗
∗
∗
For A1 : πiA
, πiiA
a , πiiiA , π
ivAb , πvA ;
∗
∗
∗
∗
∗
For A2 : πiA
, πiiA
a , πiiiA , πivAa , πvA ;
∗
∗
∗
∗
∗
, πiiA
For A3 : πiA
b , πiiiA , πivAb , πvA ;
∗
∗
∗
∗
∗
For A4 : πiA
, πiiA
b , πiiiA , πivAa , πvA ;
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∗
∗
∗
∗
∗
For A5 : πiA
, πiiA
c , πiiiA , π
ivAb , πvA ;
∗
∗
∗
∗
∗
For A6 : πiA
, πiiA
c , πiiiA , πivAa , πvA .
∗
∗
∗
∗
∗
∗
∗
Observe that πivA
b = πiiiA > πiiAa = πiA > πvA = 0 and πivAb > πiiAc .

• ad A1

From the above, it directly follows that for this subdomain

∗
∗
∗
∗
∗
= πivA
πiiiA
b > πiA = πiiAa > πvA .

Thus, the optimal price and proﬁt when (γ, φs ) is in subdomain A1 are given
∗
∗
by p∗A1 = p∗ivAb = φs + γ and πA
= πivA
b = (1 − φs )(φs + γ).
1
• ad A2

For A2 a similar evaluation gives

∗
∗
∗
∗
> πii
πiiiA
a = πiA > πvA ,
∗
∗
and πivA
such that only the expressions for πiiiA
a have to be compared. Note
that
∗
∗
πivA
a ≥ πiiiA ⇔ 1 ≥ 4(φs + γ)(1 − φs − γ),

which is satisﬁed since φs + γ ≤
(1−φs )
∗
∗
and πA
= πivA
a =
4(1−φs −γ) .
2
• ad A3

1
2

in subdomain A2 . Thus, p∗A2 = p∗ivAa =

1
2

As for A1 , we know

∗
∗
∗
∗
= πivA
πiiiA
b > πiA > πvA .
∗
What remains to be shown is for which (γ, φs )-combinations πivA
b maximizes
∗
overall proﬁt and for which values (if any) πiiAb . To this purpose, solve the
∗
∗
equation πiiA
b = πivAb , that is

⇔
⇔
⇔
⇔

∗
∗
πiiA
b = πivAb
[φs − γ(1 − φs )]2 = 4φs (φs − γ)(1 − φs )(φs + γ)
φ2s − 2γφs (1 − φs ) + γ 2 (1 − φs )2 = 4φs (1 − φs )(φ2s − γ 2 )
γ 2 (1 − φs )(1 − φs + 4φs ) − 2γφs (1 − φs ) − 4φ3s (1 − φs ) + φ2s = 0
γ 2 (1 − φs )(1 + 3φs ) − 2γφs (1 − φs ) + φ2s − 4φ3s (1 − φs ) = 0.

Solving this equation for γ, we obtain
0
2φ2s (1 − φs )(2 − 3φs )
φs
.
±
γ1,2 =
1 + 3φs
(1 − φs )(1 + 3φs )

(A.5)

If φs ≤ 23 , then the square root in (A.5) is non-negative. If φs > 23 , then this
∗
∗
root is imaginary, and πiiA
b ≥ πivAb for all values of γ. Thus:
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• If φs >

2
3

⇒ p∗A3 = p∗iiAb =

φs −γ(1−φs )
2φs

∗
∗
and πA
= πiiA
b =
3

• If φs ≤ 23 and γ ∈ [γ1 , γ2 ] ⇒ p∗A3 = p∗ivAb = φs + γ
∗
πivA
b = (1 − φs )(φs + γ);
• If φs ≤

2
3

and γ ∈
/ [γ1 , γ2 ] ⇒ p∗A3 = p∗iiAb

(φs −γ(1−φs ))2
4φs (φs −γ) ;

∗
and πA
=
3

∗
∗
and πA
= πiiA
b.
3

See ﬁgure 7.1, where the roots γ1 and γ2 of (A.5) are depicted. The ﬁgure
shows that γ1 and γ2 are indeed relevant since they overlap with subdomain
A3 .
• ad A4

From the preceding, we know that

∗
∗
∗
∗
πivA
a ≥ πiiiA > πiA > πvA .
∗
∗
∗
Thus, for (γ, φs ) in A4 , the maximum proﬁt πA
is either πiiA
b or πivAa . Solving
4
∗
∗
=
π
leads
to
πiiA
a
b
ivA

⇔
⇔

∗
∗
πiiA
b = πivAa
[φs − γ(1 − φs )]2 (1 − φs − γ) = (1 − φs )φs (φs − γ)
−γ 3 (1 − φs )2 + γ 2 (1 − φs )[2φs + (1 − φs )2 ]
+γφs [(1 − φs ) − 2(1 − φs )2 − φs ] = 0.

Solving for γ, we obtain γ = 0 or
γ1 ,2 =

(1 − φs )(1 + φ2s ) ±
2(1 − φs )2

√
Discr

> 0,

(A.6)

with Discr = (1 − φs )2 [(1 + φ2s )2 − 4φs (1 − 2φs (1 − φs ))]. Notice that in
subdomain A4 , we have Discr < (1 − φs )2 (1 + φ2s )2 since 1 − 2φs (1 − φs ) >
1 − (1 − φs ) > 0. The latter follows from the fact that φs < 12 in subdomain
A4 .
However, one can show that for each value of φs , the smaller root γ1 in
(A.6) is larger than the corresponding value of γ̄. In other words, both lines
γ = γ1 and γ = γ2 are located at the right of line d2 in (γ, φs )-space.
∗
∗
Since πiiA
/ (γ1 , γ2 ), the result is that p∗A4 = p∗ivAa = 12
b < πivAa when γ ∈
(1−φs )
∗
∗
and πA
= πivA
a =
4(1−φs −γ) .
4
• ad A5

Since both

∗
∗
∗
πivA
b = πiiiA > πiiAc

∗
∗
∗
and πivA
b > πiA > πvA ,

∗
∗
= πivA
we have that p∗A5 = p∗ivAb = φs + γ and πA
b = (1 − φs )(φs + γ).
5
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In this case, we have

∗
∗
∗
∗
∗
πiiiA
> πiA
> πvA
, πivA
a ≥ πiiiA

∗
and πiiiA
> πiiAc ,

1
∗
∗
The fact that πivA
a ≥ πiiiA follows since φs + γ ≤
2 in subdomain A6 . It
(1−φs )
1
∗
∗
∗
∗
immediately follows that pA6 = pivAa = 2 and πA6 = πivA
a =
4(1−φs −γ) .

Summarizing results, statements (a), (b) and (c) of Proposition 7.4 follow
∗
II
directly by noting from (7.11) that pI = p∗ivAa , π I = πivA
= p∗ivAb ,
a, p
II
∗
III
∗
III
∗
π = πivAb , p
= piiAb and π
= πiiAb .
Domain B
In this domain we have 1 − φs ≤ γ < φs and φs > 12 . I ﬁrst consider the pricing
behavior in the relevant price intervals.
(iB) p ≤ γ In this case demand is complete in both groups. The optimal price
is p∗iB = γ, with corresponding proﬁt π ∗ = γ.
(iiB) γ ≤ p ≤ φs This case is analogous to case (iiA) of domain A. Using the
same γ and γ̄ as deﬁned there, I distinguish three situations with respect to
the optimal price:
∗
(iiB a ) If γ ≥ γ̄, then the optimal price is p∗iiB a = γ, giving proﬁt πiiB
a =
∗
π(piiB a ) = γ.

(iiB b ) If γ < γ < γ̄, then the optimal price is p∗iiB b =
sponding proﬁt is

∗
πiiB
b

=

π(p∗iiB b )

=

[φs −γ(1−φs )]
4φs (φs −γ)

2

φs −γ(1−φs )
.
2φs

The corre-

.

(iiB c ) If γ ≤ γ, then the optimal price is p∗iiB c = φs , with corresponding proﬁt
∗
∗
πiiB
c = π(piiB c ) = φs (1 − φs ).
Remark that when γ ≥ γ̄, demand is complete in both groups; when γ ≤ γ,
demand is zero in group 1 and complete in group 2, and when γ < γ < γ̄,
demand is incomplete in group 1 and complete in group 2.
(iiiB) φs ≤ p ≤ φs + γ Here we have zero demand in group 1 and complete
demand in group 2. The optimal price is p∗iiiB = φs + γ, with corresponding
∗
= π(p∗iiiB ) = (φs + γ)(1 − φs ).
proﬁt πiiiB
(ivB) φs + γ < p Now demand is zero in both groups, and proﬁt is zero as well,
∗
= 0.
that is πivB
We now have to derive the price that maximizes the overall proﬁt in domain
∗
∗
∗
= (1 − φs )(φs + γ) > πiiB
B. Note ﬁrst that πiiiB
c = (1 − φs )φs > πivB = 0.
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∗
∗
Further, πiB
= πiiB
a = γ. In domain B we have γ ≥ 1 − φs , which implies
∗
∗
∗
∗
that γ ≥ (1 − φs )(φs + γ), or πiB
≥ πiiiB
. Finally, I compare πiB
and πiiB
b.
∗
∗
Solving πiB = πiiB b leads to
∗
∗
= πiiB
πiB
b
⇔ [φs − γ(1 − φs )]2 = 4φs (φs − γ)γ
⇔ γ 2 (1 + φs )2 − 2φs (1 + φs )γ + φ2s = 0

Solving for γ, we obtain γ = φs /(1 + φs ) = γ̄. Concluding, we have the following in domain B. If γ < γ̄, then the optimal price is p∗ = p∗iiB b , with
∗
corresponding proﬁt π ∗ = πiiB
b . On the other hand, if γ ≥ γ̄, then the optimal
∗
∗
∗
.
price is p = piB , with corresponding proﬁt π ∗ = πiB

Domain C
In this domain we have φs ≤ γ < 1 − φs and φs < 12 . Again, I ﬁrst consider
the pricing behavior in the relevant price intervals.
(iC) p ≤ γ In this case demand is complete in both groups. The optimal price
∗
= π(p∗iC ) = γ.
therefore equals p∗iC = γ, with corresponding proﬁt πiC
(iiC) γ < p ≤ φs + γ Here demand is zero in group 1 and complete in group 2.
∗
The resulting optimal price is p∗iiC = φs + γ, yielding proﬁt πiiC
= π(p∗iiC ) =
(φs + γ)(1 − φs ).
(iiiC) φs + γ ≤ p ≤ 1 This case is analogous to case (ivA) of domain A. We
have to distinguish two subcases:
(iiiC a ) If γ ≤ 12 − φs , then the optimal price is p∗iiiC a =
(1−φs )
∗
∗
πiiiC
a = π(piiiC a ) =
4(1−φs −γ) .

1
2,

and the proﬁt is

(iiiC b ) If γ > 12 − φs , then the optimal price is p∗iiiC b = φs + γ, and the proﬁt
∗
∗
is πiiiC
b = π(piiiC b ) = (1 − φs )(φs + γ).
(ivC) 1 < p Now demand is zero in both groups, and proﬁt is zero as well, that
∗
= 0.
is πivC
In order to derive the price that maximizes the overall proﬁts in domain C,
remark that in this domain we have γ < 1 − φs . As a result, we have γ <
(1 − φs )(φs + γ). Using this, we obtain the following for domain C. If γ ≤
1
1
∗
∗
2 − φs , then the overall optimal price is p = piiiC a = 2 , with corresponding
(1−φs )
∗
∗
proﬁt π = πiiiC a = 4(1−φs −γ) . On the other hand, if γ > 12 − φs , then the
overall optimal price reads p∗ = p∗iiiC b = (φs + γ), with corresponding proﬁt
∗
π ∗ = πiiiC
b = (1 − φs )(φs + γ).
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Domain D
In this domain we have γ ≥ max(φs , 1 − φs ). Again, I ﬁrst consider the pricing
behavior in the relevant price intervals.
(iD) p ≤ γ In this case demand is complete in both groups. The optimal price
∗
= π(p∗iD ) = γ.
now equals p∗iD = γ and the corresponding proﬁt is πiD
(iiD) γ < p ≤ φs + γ Now demand is zero in group 1 and complete in
group 2. The optimal price is p∗iiD = φs + γ and the resulting proﬁt is
∗
πiiD
= π(p∗iiD ) = (1 − φs )(φs + γ).
(iiiD) φs + γ ≤ p Here demand is zero in both groups, and proﬁt is zero as
∗
well, πiiiD
= 0.
In order to derive the price that maximizes the overall proﬁt in domain D,
notice that in this domain we have γ ≥ 1 − φs . As a result, we have γ ≥
(1 − φs )(φs + γ). From this it easily follows that the overall optimal price is
p∗ = γ, with corresponding proﬁt π ∗ = γ.
Summarizing, and using the deﬁnitions of pI , π I , pII , π II , pIII , π III , pIV and
π IV as given in (7.11) of the main text, we easily obtain statements (d), (e)
and (f) of Proposition 7.4.

Proof of Proposition 7.5
Proposition 7.2 shows that the equilibrium proﬁt for the situation with a single
1
group is given by π 0 = 4(1−γ)
if γ ≤ 12 , and π 0 = γ if γ ≥ 12 . Proposition 7.4
shows that the equilibrium proﬁt π ∗ in the situation with two peer groups is
(1−φs )
, π ∗ = π II = (1 − φs )(φs + γ), π ∗ = π III =
given by either π ∗ = π I = 4(1−φ
s −γ)
[φs −γ(1−φs )]2
4φs (φs −γ) ,

or π ∗ = π IV = γ. To ascertain whether the equilibrium proﬁt is
larger before or after the formation of peer groups, π 0 is compared with π ∗ for
all six relevant combinations.
1
• First, take the case where π 0 = 4(1−γ)
and π ∗ = π II . Observe that this
combination of values is relevant if 0 < γ < 12 , in particular in the subdomains
A1 , A5 , a part of A3 , and a part of domain C (where 12 − φs < γ < 12 ). For
each of these areas, apply the following procedure. First, check whether π 0 and
π II are not simply identical in the whole area under consideration. Second, if
that is not the case, infer for each possible value of φs in the relevant area, for
which values of γ (if any) we have that π 0 = π II . Note that in solving this
equation, for the moment, we do not impose any condition on γ. Next, check
whether the combinations of φs and γ thus obtained are in the area under
consideration. If this is the case, the area is divided into a part where having
two peer groups leads to higher proﬁt, and another part where one group is
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best for the ﬁrm. Otherwise, for the whole area, either having one group or
having two peer groups leads to the highest equilibrium proﬁt. Carrying out
the procedure and solving π 0 = π II for γ, we obtain
/
1 φs (1 − φ2s − φs )
1 − φs
γ3,4 =
±
.
(A.7)
2
2
1 − φs
In ﬁgure 7.3, the curve corresponding to the roots γ3 and γ4 is depicted. Notice
that the curve runs through the points (γ, φs ) = (0, 12 ) and (γ, φs ) = ( 12 , 12 ).
Further, observe that the√second term on the right-hand side of (A.7) becomes
zero for φs = (− 12 ± 12 5). Thus, in the areas under consideration, when
√
φs > (− 21 + 12 5), then γ3,4 are imaginary and having two peer groups is
always less proﬁtable
√ than having one peer group. On the other hand, when
1
1
1
2 < φs ≤ (− 2 + 2 5), having two peer groups is more proﬁtable if γ ∈ (γ3 , γ4 )
and less proﬁtable if either 0 < γ < γ3 or γ4 < γ < 12 .
• Second, proceeding in a similar way, take the case where π 0 = γ and
∗
π = π II . Notice that this combination of values is relevant in the part of
domain C where γ ≥ 12 . In this case, the equation π 0 = π II is solved for
γ = 1 − φs . However, this coincides with the border of the domains C and D
(which itself is part of domain D). Combining this with the results above, we
see that having two peer groups is more proﬁtable than having one group for
all points in domain C where π ∗ = π II .
1
and π ∗ = π III . This combi• Third, examine the case where π 0 = 4(1−γ)
1
nation of values is relevant if 0 < γ < 2 , in particular in the remaining part of
A3 and a part of domain B (where γ < γ̄). Solving for this case the equation
π 0 = π III for γ gives
0
1 − 2φs + 5φ2s
(1 + φs )
γ5,6 =
±
.
2(1 − φs )
2(1 − φs )
I now ﬁrst show that the smaller value, that is γ5 , is larger than or equal to
γ̄ = (φs )/(φs + 1) (which is represented by d2 in ﬁgure 7.1). In order to do so,
observe that
0
(1 + φs )2 − 2φs (1 − φs ) − (φs + 1) 1 − 2φs + 5φ2s ≥ 0 ⇔
0
1 + 3φ2s − (φs + 1) 1 − 2φs + 5φ2s ≥ 0 ⇔
0
1 + 3φ2s
1 − 2φs + 5φ2s ≤
⇔
1 + φs

1 − 2φs + 5φ2s ≤

(1 + 3φ2s )2
⇔
(1 + φs )2
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[1 + 2φs + φ2s ][1 − 2φs + 5φ2s ] − 1 − 6φ2s − 9φ4s ≤ 0 ⇔
1 − 2φs + 5φ2s + 2φs [1 − 2φs + 5φ2s ] + φ2s [1 − 2φs + 5φ2s ] − 1 − 6φ2s − 9φ4s ≤ 0 ⇔
−4φ2s − 4φ4s + 8φ3s ≤ 0 ⇔
−4φ2s (1 + φ2s − 2φs ) ≤ 0 ⇔
−4φ2s (1 − φs )2 ≤ 0.
The last equation is true for all values φs ∈ (0, 1), which shows that γ5 ≥ γ̄.
Next, I show that limφs ↑1 γ5 (φs ) = 12 . Observe therefore that
0
(1 + φs ) − 1 − 2φs + 5φ2s
lim γ5 (φs ) = lim
φs ↑1
φs ↑1
2(1 − φs )
=
=
=

1
1
2 (2 − 10φs )
0
+
φs ↑1 −2
−2 1 − 2φs + 5φ2s
−4
1
√
− +
2 −2 4
1
.
2

lim

Concluding, in the whole area under consideration, having two peer groups
always leads to a lower equilibrium proﬁt compared with the situation in which
there is one group.
1
• Fourth, compare π 0 = 4(1−γ)
with π ∗ = π I . The area where these values
are relevant is where 0 < γ < 12 , and consists in particular of the subdomains
A2 , A4 and A6 , and a part of domain C (where 0 < γ ≤ 12 − φs ). In this
case only γ = 0 solves the equation π 0 = π I . It is easy to verify that in
the area under consideration having two peer groups always leads to a higher
equilibrium proﬁt than having one group.
1
with π ∗ = π IV . The area where this combi• Fifth, compare π 0 = 4(1−γ)
nation of values is relevant is where 0 < γ < 12 , in particular a part of domain
B (where γ̄ ≤ γ < 12 ). The equation π 0 = π IV has a double root at γ = 12 . For
all other values of γ, π 0 is larger than π IV , thus having two peer groups is less
proﬁtable than having one group in that case.
• Sixth, compare π 0 = γ with π ∗ = π IV . The area where this combination
of values is relevant consists of domain D as well as the part of domain B where
γ ≥ 12 . In this case we always have π 0 = π IV , thus having one or two peer
groups leads to the same equilibrium proﬁt.
Together, these six results imply Proposition 7.5.
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Chapter 8

Summary and Conclusions
This thesis’ central questions were whether, in which ways and to which extent
social interactions inﬂuence economic outcomes. In chapter 1, I argued that
conventional economic theory falls short of explaining the wide variations over
time and space that are observed in practice for a number of behaviors, as for
example diﬀerences in smoking behavior across school classes, fashion cycles
and diﬀerences in crime rates across cities. A possible reason for this is that in
this theory, no allowance is made for interactions between agents that are not
mediated through the price mechanism.
Interactions-based models equip homo economicus with more sociological
realism by allowing for the possibility that his choices depend on those of
others. The feedback loop from the choice of one agent to the (future) choice
of others that is created in this manner, may lead to the presence of social
multipliers and multiple equilibria, which, in turn, provide an explanation for
the empirical phenomena mentioned above.
However, as became clear in chapter 2, obtaining empirical evidence that
justiﬁes this hypothesis is a diﬃcult task. The main reason is that in general, it
is hard to isolate endogenous interaction eﬀects from other eﬀects that explain
why agents in the same group behave similarly.
The remaining chapters can be grouped into three parts. The ﬁrst part
(chapter 3) looks at the consequences of social interactions on consumer behavior and social welfare. The second part (chapters 4– 6) is concerned with the
empirical identiﬁcation of interaction eﬀects in contexts in which they are likely
to inﬂuence the choices of economic agents. The third part (chapter 7) is again
of a theoretical nature and focuses on the implications of social interactions for
the price-setting behavior of a monopolistic ﬁrm.
In this ﬁnal chapter, I summarize and conclude the studies contained in this
thesis by reviewing the main results and by indicating some general conclusions
as well as some suggestions for future research in the ﬁeld of social economics.
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Summary
In chapter 1, I argued that incorporation of social interactions into the decisionmaking process of economic agents is not only of interest in itself, but also oﬀers
an explanation for a number of empirical phenomena concerning large variations in economic behavior over time and space that cannot be accounted for by
diﬀerences in underlying economic fundamentals or individual characteristics
alone.
A survey of the theoretical literature as well as empirical studies on social
interactions was given in chapter 2. Attention is restricted to those interactions that have an impact on the allocation of economic resources. Firstly,
the theoretical studies were discussed on basis of a classiﬁcation of social interactions that distinguishes between the channel of intermediation: constraint
interactions, expectations interactions and preference interactions. Secondly,
the relationship between these interactions and the presence of multiplier eﬀects
and multiple equilibria was explained. I also brieﬂy examined some of the behavioral motivations that have been put forward to explain social interactions,
like e.g. peer pressure, social norms, jealousy and a strive for status.
Most attention however was given to the empirical problems that complicate
research on social interactions. Three competing hypotheses were put forward
that explain why agents in the same group behave similarly: endogenous eﬀects,
exogenous eﬀects and correlated eﬀects. Of these, only endogenous eﬀects
give rise to multiplier eﬀects. The identiﬁcation problem was discussed on the
basis of a simple linear model with two persons. Whether one can distinguish
between the three hypotheses critically depends on the extent to which one
or both of the following exclusion restriction can be imposed: the absence of
correlated unobservables or the presence of one explanatory variable that has no
endogenous or exogenous eﬀect and that is uncorrelated with the disturbances.
Three types of (data) problems were then introduced that are often mentioned in the social interactions literature: the simultaneity problem, the correlated variables problem and the group endogeneity problem. In fact, the latter
problem is a speciﬁc instance of the correlated variables problem. I explained
in which way each of these problems hampers the credible imposition of the
exclusion restrictions, and how they can be avoided. The solutions proposed in
the literature take one or a combination of the following approaches: 1) collect
data in such a way that the exclusion restrictions are not needed or such that
their credibility is maximized; 2) use an inferential procedure that does not
need the exclusion restrictions to be imposed or that maximizes their credibility; and 3) use a suitable functional form such that the exclusion restrictions
are not needed or such that their credibility is maximized. In general, group
changing interventions in which individuals are in a random fashion assigned
to groups are a powerful way to deal with group endogeneity. Experimental
setups (in or outside the lab) are a good way of reducing biases caused by
correlated unobservables. But even with data that meet these requirements,
it is advisable to add group-speciﬁc ﬁxed eﬀects whenever possible to account
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for those variables at the group-level that inevitably escape the notice of the
researcher.
The ﬁnal sections of chapter 2 dealt with the use of aggregate level data to
uncover interaction eﬀects — a methodology not used in this thesis — and with
the issue of reference group deﬁnition — Who interacts with whom? Finally,
the importance of studying social interactions for public policy was described.
In chapter 3, the implications of social interactions on consumer demand
were examined. To this end, a Linear Expenditure System with Social Interactions (LES-SI) was simulated. The parameter values were pegged to values
found in empirical studies. Within the LES-SI context, the changes in budget
shares of seven categories of goods were studied as well as the welfare loss associated with social interactions. In order to assess the eﬀect of the underlying
social structure, outcomes were calculated for three diﬀerent social topologies:
a model with complete interaction, one with cyclical interaction and a third in
which cliques were formed.
One ﬁnding was that the eﬀects on social welfare are by and large similar
for the diﬀerent social structures considered. The main contribution of the
chapter is in the domain of policy relevance: For a society with heterogeneous
consumers, explicit taxes and subsidies were calculated that should be imposed
to come to a Pareto optimal allocation. In contrast to intuition, it is not in all
instances the most conspicuous good that should be taxed most heavily, the
exception being the case in which the initial quantity of this good is relatively
small. The potential to increase social welfare by means of a budget neutral tax
and subsidy instrument is in general not larger or smaller than in the absence
of conspicuous goods.
The second, empirical part of this thesis comprised the chapters 4 – 6.
Chapter 4 incorporated social interactions into a discrete choice model. After
having dealt with the problem of statistical coherency, an empirical application
was given in which a number of discrete choices of high school teenagers is
analyzed: smoking, truancy, moped ownership, cell phone ownership and asking
parents’ permission for purchases. In this study, each teenager’s peer group is
assumed to coincide with his class mates. I found strong interaction eﬀects for
behavior that is closely related to school (truancy), somewhat weaker eﬀects for
behavior partly related to school (smoking, moped and cell phone ownership)
and no eﬀects for behavior unrelated to school (asking parents’ permission
for purchases). The estimation methodology applied in this chapter could be
used because of the detailed information that was available on each teenager
within a class. The data were not generated by an explicit random assignment
mechanism, but since all schools participated with more than one class, I could
account for correlated unobservables by adding school speciﬁc ﬁxed eﬀects. To
some extent, correlation within classes could be picked up by adding correlated
within-class error terms.
Chapter 5 discussed the theoretical properties of the binary choice interaction model of chapter 4 in more detail. In chapter 4 the assumption was
imposed that in situations with multiple equilibria, each of them has equal
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probability of being observed. Chapter 5 elaborates on questions concerning
the existence and multiplicity of equilibria. This is done by establishing a tight
connection between the empirical model and its game-theoretical properties. A
characterization of the equilibrium properties was given, in particular the correspondence between the interaction strength, the number of agents, and the set
of equilibria. Both for the case with strategic complements and strategic substitutes, equilibrium existence was proved and tight upper bounds were derived
for the size of the equilibrium set, conditional on the number of agents and the
degree of interaction between them. It was shown that in all cases, these upper
bounds are well below the number of 2N possible strategy proﬁles. Moreover,
for many values of the interaction strength, the number of outcomes that is
sustainable as an equilibrium is well below the upper bound. This is consonant
with the ﬁnding in chapter 4 that in most cases, the estimated probability of
having a single equilibrium is larger than 80 percent. The theoretical results
in this chapter prove valuable in developing eﬃcient computer algorithms for
ﬁnding equilibria for this particular class of games. Finally, the chapter brieﬂy
discussed the consequences for the set of equilibria when the model is extended
to allow for gender-dependent interactions. The main ﬁnding here was that
cross-gender parameters are irrelevant in the derivation of the upper bounds.
Chapter 6 reports on a second empirical study. This chapter investigated
the role anonymity plays in giving to church oﬀerings. To this end, an experimental setup was implemented in thirty Dutch churches. For a period of
29 weeks, the means by which the oﬀerings were gathered was determined by
chance in each of the participating churches: either ‘closed’ collection bags,
or more open collection baskets were used to collect the oﬀerings. The use
of baskets removed the anonymity in giving in the sense that an attendant’s
contribution could be identiﬁed by his direct neighbors, and he could observe
the total amount given by the people who preceded him. The results showed
that initially, the proceeds increase by about 10% when baskets are used, but
that this eﬀect diminishes over time. Closer scrutiny of the data revealed that
using baskets has a persisting positive eﬀect on the proceeds of oﬀerings that
serve an external purpose. A second eﬀect of removing anonymity was that
churchgoers gave relatively larger coins (of 1 and 2 euro) to basket oﬀerings
than to bag oﬀerings. This is at odds with standard economic theory which asserts that only the total value of a set of coins matters and not its composition.
Both ﬁndings suggest that in giving to charity, social incentives like exhibiting
unselﬁsh behavior and striving for social approval are important.
In the question it addresses, the study is related to, and complements recent
laboratory experiments on the same matter. Contrary to laboratory experiments, the study had the advantage that the interactions did not take place in
an artiﬁcial context, but in a real-life setting where social ties between subjects
were natural and presumably relatively strong. The study thus provides an
example of how the methodology developed in experimental economics can be
applied in non-artiﬁcial contexts, while retaining control of key-variables.
In chapter 7, attention was shifted to the eﬀects social interactions may
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have on the supply-side of the economy. To this end, we developed a theoretical
model with a proﬁt-maximizing monopolist who manufactures a product with
a positive consumption externality: the utility a consumer derives from buying
the good is positively dependent on the fraction of consumers in his or her
social group that buys the good. With this model, we analyzed the price-setting
behavior of the monopolist. Speciﬁcally, we looked at the eﬀects of splitting
the society into two smaller groups on the monopolist’s price and proﬁts. The
main result was that the partition of society into small social groups did not
unambiguously lead to increased proﬁts and increased market power of the
monopolist. The sign and size of the change in proﬁts was dependent on the
interplay between the strength of the externality and on the speciﬁc groups that
were formed. The formation of groups is exogenous in the model considered,
but one could well imagine means by which the monopolist could inﬂuence the
consumers’ perception of the fraction of their peers that buy the product, e.g.
by means of advertisement campaigns.
The setup of the model was related to models in the ﬁeld of industrial
organization that study network eﬀects. The study however showed that the
segregation of society into smaller groups cannot be simply interpreted as some
kind of ‘reversed compatibility’ in a network model.
General conclusions and suggestions for further research
A general conclusion that can be drawn from the overview above is that social
interactions play a non-negligible role in the determination of economic outcomes. On a theoretical level, the eﬀects of social interactions were analyzed for
the demand-side of the economy by looking at changes in consumer behavior as
well as for the supply-side by investigating the eﬀect of consumption externalities for the price-setting behavior of a proﬁt-maximizing monopolist. Both the
allocation of resources by the consumers as the proﬁts gained by the monopolist
were shown to be aﬀected by the interactions. Empirically, it was shown that
1) interactions with class-mates sometimes play an important role in discrete
choice behaviors of teenagers that are (partly) related to school and that 2)
in the context of giving to church oﬀerings, the contribution of congregation
members is aﬀected by the circumstance whether they can give anonymously
or not. Together, these two studies add to the empirical evidence that points
out the importance of social interactions in economic decision-making.
Still, despite the fact that an increasing number of studies that have been
published — some of them using very intelligent designs — accumulated credible empirical evidence of social interactions, this evidence is still far from oﬀering a complete picture of the interaction mechanisms that aﬀect the decisions
of economic agents in a group.
I believe that data which possess the following three properties will prove
to be very adequate to further advance the study of socio-economics: First,
they will focus on small-scale interactions mechanisms; and second, they will
give detailed information on each of the agents who participates in such a
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small-scale interaction. That means for example that one does not try to identify neighborhood eﬀects by focusing on the interactions between households
in the same city, but by gathering data on diﬀerent households that live in
the same street. Sacerdote’s (2001) study, in its focus on roommates, meets
these two requirements as does the empirical study reported in chapter 4. The
third property is the presence of one of the following sources of randomness:
Either agents are randomly assigned to a group (as in group changing interventions) or a randomly chosen subset of the agents is given a treatment (as in
partial-population experiments). Both these random assignment mechanisms
are powerful in reducing the confounding eﬀect of correlated unobservables. In
chapter 4, no explicit random assignment mechanism was implemented.
Laboratory experiments are very suitable for generating data that satisfy
the above requirements. In an experimental session, the number of agents that
interacts is by deﬁnition limited. Moreover, one can easily record decisions and
relevant background variables for each of the participating agents separately
and it is easy to implement random assignment mechanisms. A disadvantage
of laboratory experiments is that they are artiﬁcial by nature, such that the
validity of the results for real-life interactions might be challenged. For this
reason, it might pay oﬀ to export the experimental methodology to natural
contexts outside the laboratory. The ﬁeld experiment in chapter 6 provides an
example of how this can be accomplished.
With respect to data collection, it is remarkable that few empirical studies
use panel data or subjective data. In general, working with panel data has
the advantage that the problem of correlated unobservables can be reduced by
adding individual level ﬁxed eﬀects. Moreover, with data on the history of the
interaction between a group of individuals a researcher is possibly able to make
statements about the dynamics of the interaction. How long, for example,
does it take for an agent to adjust his behavior to the changed behaviors of
others in his peer group? Subjective data are useful in shedding light on the
question who interacts with whom. The use of subjective data to this end was
introduced in Woittiez in Kapteyn (1998), but was since then not copied by
other researchers.
With regard to theoretical modelling, a number of natural extensions of
interactions based are still largely unexplored. In most applications, the parameters that represent the interaction weights (the γ in chapters 4 and 5)
are assumed to be ﬁxed, non-negative and – in most cases – equal for all individuals in the group. Possible extensions include making these parameters
dependent on the individual characteristics of the agents considered, such that
γi,j = γ(xi , xj ). An example of this was given in chapter 4 were the parameter values were made dependent on the gender of the agents. Another
extension is to treat the interaction weights as stochastic variables, using techniques from random graph theory. See Ioannides (1990), Kirman (1983) and
Kirman et al. (1986) for examples of theoretical models that use this approach.
Moreover, in most theoretical models, the interaction weights are assumed to
be non-negative, although there is fundamental need to do so. In chapter 5,
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equilibrium properties were also derived for the case with negative interaction
weights.
Many questions still wait for an answer. In view of the evidence on social
interactions, Durlauf (2002, p. 20) remarked that “there is little reason why
a skeptic should be persuaded to change his mind by the statistical evidence
currently available.” With a combination of theoretical and empirical studies,
the essays in this thesis show that for a number of contexts, social interactions
do inﬂuence economic outcomes. The essays also provide important insights in
to which extent and through which mechanisms social interactions aﬀect the
decision-making process of various economic agents, like consumers, producers,
teenagers and churchgoers. Taken together, the essays make a contribution
both to the “clear thinking” as well as to the “cumulative body of empirical research” on social interactions. The results give reason to become somewhat less
skeptical about the usefulness of incorporating social interactions into economic
models.
Finally, the doubts about the incontestability of the evidence, together with
the potential far-fetching consequences of social interactions for both economic
modelling and public policy, ensure that the ﬁeld of social economics will be a
lively area of research for many more years to come.
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Garcı́a-Peñalosa, C., 10
Gaviria, A., 19, 21, 27, 66, 67
Gintis, H., 117
Glaeser, E. L., 1, 2, 11, 12, 14, 27–31,
38, 39, 66, 85, 86
Goeree, J. K., 117
Granovetter, M. S., 1, 30
Gravelle, J., 77
Grilo, I., 142, 155
Grossman, P. J., 2, 25, 112
Gruber, J., 77
Haan, M. A., 119
Hanushek, E. A., 3, 21, 23, 30

186
Harbaugh, W. T., 117, 119
Heckman, J. J., 25, 66
Hirschﬁeld, P., 2, 26
Hirshleifer, D., 2, 11, 85
Hoﬀman, E., 118
Holt, C. A., 117
Hommes, C. H., 9
Horst, U., 38
Houser, D., 119
Hoxby, C. M., 2, 30–32, 85
Iannaccone, L. R., 112, 119
Ichino, A., 2, 25
Ioannides, Y. M., 27, 31, 38, 51, 87,
174
Isaac, R. M., 128
John, A., 11, 12, 32, 86
Kain, J. F., 3, 21, 23, 30
Kandel, E., 10
Kapteyn, A., 2, 10, 30, 31, 38, 39, 42,
44, 47–50, 62, 66, 174
Katz, L. F., 20, 21, 26, 31, 39
Katz, M. L., 143
Kawaguchi, D., 21
Kirman, A. P., 31, 38, 174
Kling, J. R., 20, 21, 26
Kogan, L., 2
Kooreman, P., 2, 4, 17, 23, 32, 40, 42,
43, 46, 47, 55, 56, 60, 69, 70,
119
Krauth, B. V., 12, 29, 87, 90
Kremer, M., 26, 86
Kurzban, R., 119
Laury, S. K., 117
Lazear, E. P., 10
Leibenstein, H., 1, 66, 144
Leser, C. E. V., 41
Levine, D. K., 9
Levy, D. M., 26, 86
Liebman, J. B., 20, 21, 26
Lindgren, B., 28
Lipford, J. W., 119
List, J. A., 119
Ljungqvist, L., 2
Lucking-Reiley, D., 119
Ludwig, J., 2, 26

AUTHOR INDEX
Luttmer, E. F. P., 27, 31
Maddala, G. S., 68
Maddala, J. S., 66
Manski, C. F., 1, 9, 13–16, 19, 31, 66
Markman, J. M., 3, 21, 23, 30
Marwell, G., 128
Masclet, D., 117
McCabe, K., 118
McCue, K. F., 128
Milgram, S., 30
Milgrom, P., 89, 103
Moﬃtt, R. A., 4, 15, 16, 19, 22–24,
26–28, 87
Moore, J. B., 112
Muellbauer, J., 49
Mullainathan, S., 27, 31
Murphy, K. M., 86
Musil, R., 7, 37, 109
Nicholson, S., 23
Noussair, C., 117
Oates, W. E., 26, 27, 143
Ockenfels, A., 117
Oddou, C., 31, 38, 174
Oppenheimer, J., 112
Ormerod, P., 1, 142
Page, M. E., 2, 31
Palfrey, T., 117
Pesendorfer, W., 11, 85
Petrie, R., 5, 110, 118, 128, 131
Plott, C. R., 128
Pollak, R. A., 10, 42, 66
Postlewaite, A., 10
Prisbey, J., 117
Raphael, S., 19, 21, 27, 66, 67
Rege, M., 5, 110, 118, 131
Rivkin, S. G., 3, 21, 23, 27, 30
Roberts, J., 89, 103
Robin, J. M., 41
Sacerdote, B. I., 2, 14, 19, 20, 22, 26–
31, 39, 66, 85, 174
Sacklén, H., 2, 22, 23, 30, 38, 39, 66
Saez, E., 2
Salant, D. J., 143

AUTHOR INDEX
Saloner, G., 143
Scheinkman, J. A., 1, 2, 11, 12, 14,
27–31, 38, 39, 66, 85, 86
Schmidt, K. M., 10, 117
Schoonbeek, L., 2, 5, 32, 40, 42, 43,
46, 47, 55, 56, 60
Schwab, R. M., 26, 27, 143
Shapiro, C., 143
Shy, O., 142, 149, 155
Simon, H. A., 30
Smetters, K., 77
Smith, V. L., 118
Solon, G., 2, 31
Sonnemans, J., 110, 111
Stern, S., 83
Stone, J. R. N., 41
Stonebraker, R. J., 119
Suber, P., 9
Sullivan, D. H., 119
Tamer, E., 73, 87, 92
Telle, K., 5, 110, 118, 131
Thisse, J. F., 142, 155
Tiebout, C. M., 27
Tirole, J., 147
Topa, G., 2, 31
Topkis, D. M., 89
Tucker, S., 117
Tullock, G., 119
Uhlig, H., 2
Van de Geer, S., 2, 10, 38, 39, 42, 47–
49, 62, 66
Van de Stadt, H., 2, 10, 38, 39, 42,
47–49, 62, 66
Van Dijk, F., 110, 111
Van Herwaarden, F. G., 38, 44
Van Praag, B. M. S., 38, 44
Van Winden, F., 110, 111
Veblen, T., 1, 66
Vesterlund, L., 117, 119
Villeval, M. C., 117
Vives, X., 89
Vuong, Q., 69, 70
Wansbeek, T., 2, 10, 38, 39, 42, 47–49,
62, 66
Weber, G., 2

187
Weber, S., 31, 38, 174
Welch, I., 2, 11, 85
Woittiez, I., 2, 31, 38, 39, 66, 174
Working, H., 41
Woroch, G. A., 143
Young, H. P., 1, 19, 38
Zabel, J. E., 27
Zaleski, P. A., 119
Zame, W., 2, 25
Zech, C. E., 119
Zimmerman, D. J., 26
Zinman, J., 77

Subject Index
-space, 71, 72, 90
advertising, 143
aggregate level data, 27–29, 171
altruism, 11
pure, 117
anonymity in giving, 5, 109, 111, 113,
131, 172
bandwagon eﬀect, 144, 144, 145, 146,
152–155
Baptist churches, 5, 110, 112, 113
budget neutrality
individual, 40, 56, 60
societal, 40, 56, 60, 171
budget share, 40, 49–51, 54, 55, 60,
171
catching-up-with-the-Joneses, 2
category reporting, 119
charity good, 111, 116
choice of support, 88, 90
choice pattern, 68–70
circular interactions, see cyclical model
cliques, 39, 141
cliques model, see graph
clustering coeﬃcient, 142
coin distribution, 133, 136
collection bag, 113, 114, 172
collection basket, 114, 172
collective budget neutrality, see budget neutrality, societal
common environmental factors, 22–24
compatibility, 173
compatibility of products, 143
complete demand, 146, 150
complete model, see graph

conformity, 5, 9, 10, 86, 88, 142, 146,
149, 155
conspicuous
consumption, 10, 11
goods, 5, 53, 171
conspicuous goods, 37, 57
conspicuousness
degree of, 42
constraint interactions, 9, 170
consumer behavior, 169
consumer’s demand, 145, 147, 171
contagion, 12
contextual eﬀects, see exogenous interactions
coordination failure, 149
correlated eﬀects, 13, 15, 16, 170
correlated error terms, 67, 83, 171
correlated unobservables, 18, 21–25, 82,
170, 174
correlated variables, see correlated unobservables
critical level, see threshold
cross-gender interactions, 65, 67, 77,
79, 101, 102
cyclical model, see graph
demand analysis, 41
demographic translation, 42, 43, 62
dictator game, 111, 112, 118
disapproval, 117
Dutch Budget Survey, 41
Dutch National School Youth Survey
(NSYS), 74
elasticities, 40
cross-price, 62
income, 49, 50, 55, 62
own-price, 49, 50, 62

SUBJECT INDEX
emotions, 10
endogenous interactions, see social effect
Engel curves, 41
entry decisions, 87, 92
equilibrium existence, 86, 92, 101, 103,
172
excess variance, 2
exclusion restriction
A, 17, 23, 30
B, 17, 24–26, 30
exclusion restrictions, 16–18
exclustion restrictions, 170
exogenous interactions, see social effect
expectations interactions, 9, 170
experimental economics, 2, 172
experiments
ﬁeld, 5, 26, 110, 111, 170, 174
laboratory, 25, 25, 26, 111, 118,
170, 172, 174
externalities
global, 5, 142
local, 5, 141, 142, 157
negative, 12, 86, 87
positive, 3, 12, 43, 143, 173
fairness, 117, 117, 118
Family Expenditure Survey, 41
feedback, see externalities
feedback loop, 2, 10, 13, 19, 28, 169
feedback process, see feedback loop
ﬁxed eﬀects
school level, 23
church-speciﬁc, 126
class-speciﬁc, 79, 83, 171
group-speciﬁc, 22, 28, 170
individual level, 23, 174
school level, 67, 77, 79, 83, 171
free riding, 119, 128
Gauss random number generator, 114
giving in churches, 119
global identiﬁcation, see global interactions
global interactions, 31, 38, 118, 128
graph
cliques, 39, 44, 46, 49, 53, 55, 57,
59, 171

189
complete, 31, 39, 44, 45, 49, 53,
55, 57, 59, 171
cyclical, 39, 44, 45, 49, 51, 53, 55,
59, 171
graph theory, 31
random graphs, 31, 38, 174
group changing interventions, 19, 20,
24, 25, 170, 174
group endogeneity, 3, 18, 20, 22, 24–
27, 28, 29, 66
group size eﬀect, 119, 120, 128, 131,
132
group-speciﬁc slope coeﬃcients, 23
groupu endogeneity, 170
guilt, 10, 11
habit formation, 10, 132
herd behavior, 2, 11, 85
high school teenagers, 3
high school teenagers and
asking permission, 4, 65, 67, 79–
83, 171
cell phone ownership, 4, 65, 67,
79–83, 142, 171
moped ownership, 4, 65, 67, 79–
83, 171
smoking, 4, 65, 67, 77–83, 91, 171
substance use, 21
truancy, 4, 65, 79–83, 171
homo economicus, 1, 169
honor systems, 119
identiﬁcation, see social interactions and,
identiﬁcation
income shock, 54, 55, 60
industrial organization, 4
instrumental variables (IV), 20, 21, 26
interaction structure, see social structure
interaction weights, 174
interactions-based models, 2, 85, 87,
88, 169
interdependent preferences, 3, 10, 11,
37, 52, 57
welfare loss from, 47, 51, 55, 171
intra-gender interactions, 65, 67, 79,
101
intrinsic utility, 144–146, 149, 152–157
introductory pricing, 143

190
Japanese Family Income and Expenditure Survey, 41
jealousy, 9, 10, 43, 170
latent variable, 68
limited-domain problem, 42
Linear Expenditure System (LES), 41,
42, 46
with Social Interactions (LES-SI),
4, 37, 39, 40, 42, 43, 47, 59–
61, 171
linear-in-means model, 15, 16, 34
local identiﬁcation, see local interactions
local interactions, 31, 38, 39, 119, 128
macroscopic properties, 28
marginal consumer, 145, 147
marginal utility of income, 147
market interactions, 8
market power, 157, 173
mass media campaigns, 24
maximum likelihood estimation, 71, 72,
74
mean ﬁeld model, 38
model
binary choice, 13, 17, 68, 85–88,
101, 171
cliques, 48
discrete choice, 12, 65, 66, 68, 69,
83, 86, 171
limited dependent variable, 17
multinomial choice, 17
multinomial logit, 27
non-linear, 17
simultaneous probit, 66
Moving To Opportunity (MTO), 26
multiple equilibria, 2, 4, 8, 11, 17, 32,
65–68, 86, 87, 90–92, 100,
148, 149, 169, 170, 172
and high volatility, 12
multiplicative preferences, 157
multiplier eﬀects, see social, multiplier
Nash equilibrium, 43, 51, 53, 56, 61,
62, 67, 69, 86, 88, 90, 145
proﬁle, 89
negative interactions, see externalities,
negative

SUBJECT INDEX
neighborhood eﬀects, 2, 2, 30, 39, 174
on housing demand, 27
Netherlands Institue for Family Finance
Information (NIBUD), 74
network eﬀects, 4, 142, 143, 173
network models, 142
non-market interactions, 8, 9
observational learning, see social learning
oﬀering purposes, 115, 121, 122, 131
Eastern Europe, 116, 131
external, 116, 132, 134, 172
internal, 115, 132, 134
national Baptist federation, 115,
131
Pareto dominance, 149
Pareto eﬃcient, 32, 46, 47, 56, 171
Pareto optimal, see Pareto eﬃcient
partial-population experiments, 23, 24,
174
partially ordered set (poset), 89
paternalism, 9
peer eﬀects, 2, 3, 20, 30, 32, 86
peer group, 141
changes in, 32, 143
peer pressure, 2, 10, 170
perceived peer behavior, 21
policy changes, 143
class size reduction, 143
preference changing interventions, 24
preference interactions, 9, 170
prestige, 10, 117–119
price-setting, 3, 32, 141, 157, 169, 173
proximity
geographical, 8, 30, 31
social, 8, 30
public goods experiments, 111
public goods game, 31, 110, 117–119,
128, 131, 135
sequential, 117, 119
Quadratic Almost Ideal Demand System (QUAID), 41
racial group loyalty, 10
random assignment, 20, 24, 26, 77, 171,
174

SUBJECT INDEX
rational expectations equilibrium, 67
reaction function, 69
reallocation eﬀect, 56, 57
referenc group, 66
reference group, 14, 30, 31, 44, 83, 171
reﬂection problem, see simultaneity problem
relative consumption, 10
relocation, 26
seed money, 119
selection problem, see group endogeneity
shame, 10, 11, 117, 117, 118, 132, 133,
135
siblings, 23
signalling, 11
signalling games, 9
simulation
estimation by, 65, 67, 70
simultaneity problem, 10, 18, 19, 19,
20, 170
small-group interactions, 4, 31, 87, 173
small-scale interactions, see small-group
interactions
social
(sub)groups, 141–144, 146
approval, 10, 111, 117, 118, 133,
135, 172
classes, 141
clusters, 141
comparison, 117, 118
cost function, 43, 44
distance, 118, 141
economics, 2, 3, 169, 173, 175
equilibrium, 66
incentives, 110, 116, 117, 134
learning, 9, 11
multiplier, 2, 4, 8, 11–13, 14, 28,
29, 32, 86, 169, 170
norms, 10, 86, 170
reference space model, 44
structure, 1, 5, 31, 38, 44, 49, 59,
171
ties, 110, 111, 172
welfare, 2, 3, 11, 31, 37, 38, 40,
46, 47, 49, 52, 54, 55, 57–60,
169, 171

191
Social and Cultural Planning Oﬃce of
The Netherlands (SCP), 74
social context
with full information, 116, 117
with limited information, 116
social eﬀect
endogenous, 13, 16, 19, 19, 21,
23, 66, 68, 74, 83, 169, 170
exogenous, 13, 15, 16, 19, 23, 24,
29, 67, 170
non-linear, 29
social incentives, 131
social interactions and
aggregate behavior, 86
demand, 155, 156
identiﬁcation, 8, 10, 17, 18, 22,
38, 66, 170
policy implications, 32, 112, 171
price, 141, 142, 151, 154–157, 173
proﬁt, 141, 142, 151, 154–157, 173
social topology, see social structure
socio-economics, see social economics
sorting, 22, see group endogeneity
spatial approach, 31
spatial duopoly model, 155
spillovers, see externalities
statistical coherency, 4, 65–67, 71, 171
Statistics Netherlands, 47
status, 9, 10, 170
stochastic links, 38
strategic
complementarity, 3, 12, 13, 85–
87, 89, 92, 93, 96, 101, 103
substitutability, 3, 12, 13, 86, 87,
89, 92–97, 101–103
strategic complementarity, 172
strategic substitutability, 172
strategic substitutes, see strategic, substitutability
strategy proﬁle, 88, 94
Student/Teacher Achievement Ratio (STAR)
project, 143
subcultures, see social, classes
subjective information
use of, 31, 66, 174
submodular games, 89
subsidies, 37, 40, 55–57, 60, 171
subsistence expenditure, 42, 44, 49
supermodular games, 89, 103

192
supernumerary income, 42, 54
supply-side, 3, 173
taxes, 37, 40, 55–57, 60, 171
Taylor expansion, 147
teen pregnancy, 26
threshold, 13, 29
Tiebout model, 27
time eﬀect, 131
two-stage model, 142
US Consumer Expenditure Survey, 41
UTD Texas Schools Project, 23
variance across space method, 29
Veblen eﬀect, 11
Vodafone, 143, 146
warm glow, 117
Wilcoxon rank sum test, 123–126, 133
Wilcoxon signed rank test, 125
work eﬀort, 25

SUBJECT INDEX

Samenvatting (Summary in
Dutch)
De vragen die in dit proefschrift centraal staan zijn of, op welke manieren en
in welke mate sociale interacties van invloed zijn op economische beslissingsprocessen. Met sociale interacties worden alle interacties tussen deelnemers aan
het economische verkeer aangeduid die, op een andere manier dan via het prijsmechanisme, de wijze beı̈nvloeden waarop zij hun geld besteden. Denk hierbij
aan de rol van jaloezie, altruı̈stische motieven, kuddegedrag, groepsloyaliteit
en rolmodellen.
De studie is opgebouwd uit vier onderdelen. In het eerste deel wordt aan
de hand van een literatuuroverzicht ingegaan op de vraag hoe het eventuele
bestaan van sociale interacties empirisch is vast te stellen. Het tweede deel
bestudeert met behulp van een theoretisch model de veranderingen die sociale
interacties teweeg brengen in hoe huishoudens hun beschikbare inkomen verdelen over verschillende goederencategorieën en welke gevolgen dit heeft voor de
sociale welvaart.
De twee empirische studies die in het derde deel worden besproken proberen
de aanwezigheid van interactie-eﬀecten vast te stellen in twee praktijksituaties.
In de eerste studie wordt gekeken hoe consumptiebeslissingen van middelbare
scholieren afhangen van die van hun klasgenoten. De tweede studie analyseert
of de opbrengst van collectes tijdens kerkdiensten wordt beı̈nvloed door de
mate waarin anoniem kan worden gegeven. In het vierde deel tenslotte, wordt
aandacht besteed aan de gevolgen van interactie-eﬀecten op de aanbodzijde
van de economie door te kijken naar het prijszettingsgedrag van een winstmaximaliserende monopolist. Hoe prijst hij zijn goed in een situatie waarin
het nut dat consumenten ontlenen aan het aanschaﬀen van het goed toeneemt
met het relatieve aantal consumenten in de referentiegroep dat het goed koopt?
Een aanwijzing voor het belang van sociale interacties is de grote variatie
in de uitkomst van (economische) processen die zowel door de tijd heen als
tussen verschillende groepen wordt geobserveerd. Denk hierbij aan modeverschijnselen, het opblazen en leeglopen van zeepbellen op aandelenmarkten en
aan verschillen in criminaliteitscijfers tussen steden. De verschillen in de on-
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derliggende individuele kenmerken van consumenten, beleggers en steden kunnen deze variatie niet volledig verklaren.
Interactie-modellen bieden een verklaring voor de geobserveerde excessieve
variantie. De afhankelijkheid van de keuzes van de ene agent van die van andere agenten in zijn referentiegroep creëert een terugkoppelingslus die leidt tot
een sociale vermenigvuldigingsfactor en — in bepaalde gevallen — tot meervoudige evenwichten. Deze sociale vermenigvuldigingsfactor zorgt ervoor dat
groepsuitkomsten versterkt reageren op veranderingen in de achtergrondskenmerken van de economische agenten die deel uitmaken van de groep. In het
geval van meervoudige evenwichten is het zelfs mogelijk dat het geobserveerde
gedrag van twee verder identieke groepen sterk van elkaar verschilt.
Overzicht
In het eerste deel (hoofdstuk 2) wordt een overzicht gegeven van zowel theoretische als empirische studies op het gebied van sociale interacties. De aandacht
wordt beperkt tot die interacties die van invloed zijn op hoe economische agenten — zoals individuen, consumenten en huishoudens — hun geld besteden.
Eerst worden theoretische studies besproken waarbij gebruik wordt gemaakt
van een indeling op basis van het gebruikte interactiekanaal. De interacties
lopen via de beperkingen waarmee agenten worden geconfronteerd (bijvoorbeeld
budgetbeperkingen); via de verwachtingen die agenten hebben ten aanzien van
bepaalde gebeurtenissen, of via de preferenties van de agenten. Daarna wordt
de relatie tussen deze interacties en de aanwezigheid van sociale vermenigvuldigingsfactoren en meervoudige evenwichten uitgelegd. Tevens wordt kort een
aantal achterliggende gedragsmotivaties besproken die als verklaring voor sociale interacties naar voren zijn gebracht, zoals rolmodellen, sociale normen,
jaloezie en de hang naar status.
De meeste aandacht in hoofdstuk 2 gaat echter uit naar de empirische problemen die het onderzoek naar sociale interacties bemoeilijken. Drie concurrerende hypotheses worden beschreven die elk een verklaring bieden voor de
observatie dat agenten in dezelfde groep hetzelfde gedrag vertonen: endogene
eﬀecten, exogene eﬀecten en gecorreleerde eﬀecten. Van deze eﬀecten leidt
alleen de aanwezigheid van endogene eﬀecten tot een sociale vermenigvuldigingsfactor. Aan de hand van een simpel lineair model met twee agenten wordt
het resulterende identiﬁcatieprobleem geschetst. Het blijkt dat de drie hypotheses alleen dan onderscheiden kunnen worden wanneer minstens één van de twee
volgende exclusierestricties geldt: 1) gecorreleerde eﬀecten zijn afwezig; 2) er
is een verklarende variabele die geen endogeen of exogeen eﬀect heeft en die
ongecorreleerd is met de storingstermen van het model.
Vervolgens worden drie dataproblemen besproken die prominent aanwezig
zijn in de literatuur over sociale interacties: het simultaniteitsprobleem, het
probleem van de gecorreleerde variabelen, en het probleem van de endogeniteit van groepen. In feite is het laatste probleem een speciﬁek geval van
het tweede. Elk van deze problemen trekt de geldigheid van bovengenoemde
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exclusierestricties in twijfel. De oplossingen die in de literatuur zijn aangedragen om deze problemen te voorkomen bewandelen één of een combinatie van
de volgende wegen: 1) de gegevens worden op zodanige wijze verzameld dat
de exclusierestricties niet nodig zijn of dat hun aannemelijkheid maximaal is;
2) er wordt een inferentiële methode gebruikt die geen gebruik maakt van de
exclusierestricties of die hun aannemelijkheid maximaliseert; 3) er wordt een
functionele vorm toegepast die geen gebruik maakt van de exclusierestricties
of die hun aannemelijkheid maximaliseert. In het algemeen zijn onderzoeksopzetten waarbij individuen op toevallige wijze toegewezen worden aan een
referentiegroep een eﬀectieve manier om problemen als gevolg van groepsendogeniteit te voorkomen. Experimentele opzetten, zowel binnen als buiten het
laboratorium, zijn een goede manier om vertekenening ten gevolge van gecorreleerde niet-geobserveerde variabelen te reduceren. Het is echter raadzaam om
— zelfs wanneer empirische data aan deze voorwaarden voldoen — groepsspeciﬁeke vaste eﬀecten mee te schatten om te corrigeren voor die variabelen op
groepsniveau die niet worden geobserveerd door de onderzoeker.
De laatste paragrafen van hoofdstuk 2 behandelen studies die interactieeﬀecten proberen te identiﬁceren door gebruik te maken van data op geaggregeerd niveau, een methode die niet wordt toegepast in dit proefschrift.
Verder wordt aandacht geschonken aan verschillende aannames die gemaakt
kunnen worden ten aanzien van de sociale structuur — door wie precies worden de beslissingen van een agent beı̈nvloed? Tenslotte worden mogelijke implicaties van de studie van sociale interacties voor het overheidsbeleid geschetst.
Denk hierbij bijvoorbeeld aan beleid om roken te ontmoedigen.
Het tweede deel van deze studie (hoofdstuk 3) richt zich op de eﬀecten van sociale interacties op het consumptiepatroon van huishoudens en de gevolgen voor
de sociale welvaart. Hoofdstuk 3 presenteert hiertoe het lineaire-uitgavenmodel
met sociale interacties (LES-SI). Door middel van een simulatiestudie wordt
met dit model voor zeven verschillende goederencategorieën de verandering in
uitgaven ten gevolge van sociale interacties gemeten, alsook het verlies aan
sociale welvaart. Ter wille van de realiteitszin worden de parameterwaarden
van het LES-SI model gekoppeld aan waarden die zijn gevonden in empirische
studies. Met het oog op de mogelijke invloed van de onderliggende sociale
structuur wordt het model doorgerekend voor drie verschillende speciﬁcaties:
een model waarin alle agenten met elkaar in contact staan (complete interactie),
een model waarin de agenten zijn geordend op een cirkel (circulaire interactie),
en een model waarin alleen interactie plaatsvindt tussen agenten in dezelfde
subpopulatie (cliques interactie).
De belangrijkste bevindingen zijn dat voor de beschouwde speciﬁcaties
aanzienlijke veranderingen in het uitgavenpatroon optreden. De belastingen
en subsidies die door een centrale overheid moeten worden opgelegd om tot een
Pareto-optimale allocatie te komen, worden expliciet berekend. Deze berekeningen laten zien dat niet in alle gevallen de hoogste belasting wordt geheven op
het meest ‘conspicuous’ goed. Dit is bijvoorbeeld het geval indien de aanvanke-
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lijke bestedingen aan dit goed laag zijn. In het algemeen zijn de mogelijkheden
om de sociale welvaart te verhogen door het opleggen van (budget-neutrale)
belastingen en subsidies in een situatie met sociale interacties niet groter of
kleiner dan wanneer interactie-eﬀecten geen rol spelen.
Het derde deel van de studie omvat een tweetal empirische studies aangevuld
met een theoretisch essay (hoofdstukken 4 – 6). Het doel van de empirische
studies is te proberen interactie-eﬀecten vast te stellen in twee praktijksituaties.
In de eerste studie (hoofdstuk 4) wordt gekeken hoe consumptiebeslissingen
van middelbare scholieren afhangen van die van hun klasgenoten. In de tweede
studie (hoofdstuk 6) wordt geanalyseerd of anonimiteit van de gever een bepalende factor is in de opbrengst van collectes die tijdens kerkdiensten worden
gehouden.
In hoofdstuk 4 worden sociale interacties toegevoegd aan een discrete-keuzemodel. Een speciﬁek probleem voor deze klasse van modellen is de mogelijkheid
van het optreden van meervoudige evenwichten. Voor gegeven parameterwaarden kan bijvoorbeeld zowel de situatie waarin niemand in een groep rookt als
de situatie waarin iedereen in een groep rookt tegelijkertijd een evenwichtsuitkomst zijn. Wanneer hier geen rekening mee wordt gehouden, ontstaat een
probleem met de statistische coherentie van het model doordat de som van de
waarschijnlijkheden van de verschillende keuzepatronen optellen tot een waarde
groter dan 1. Na een schatingsprocedure te hebben gepresenteerd die expliciet
rekening houdt met de mogelijkheid van meervoudige evenwichten, wordt een
empirische toepassing gegeven waarin het model wordt geschat voor een vijftal
discrete keuzes van middelbare scholieren. In hoeverre hangen de keuzes om
wel of niet te roken, wel of niet in het bezit te zijn van een brommer/scooter
of mobiele telefoon, de keuze om te spijbelen en de beslissing om toestemming
aan (een van) de ouders te vragen voor het doen van grote aankopen, af van
de beslissing die klasgenoten ten aanzien van deze keuzes maken?
We vinden dat er sprake is van sterke interactie-eﬀecten tussen klasgenoten
wanneer het gaat om beslissingen die sterk school-gerelateerd zijn — zoals spijbelen — en van iets minder sterke interacties bij beslissingen die in mindere
mate school-gerelateerd zijn — zoals rookgedrag en het hebben van een mobiele
telefoon of een brommer/scooter. Geen interactie-eﬀect wordt gevonden voor
de niet school-gerelateerde beslissing om toestemming aan de ouders te vragen
voor het doen van grote uitgaven. Dit suggereert dat de eﬀecten die voor
de andere vier andere beslissingen worden gevonden inderdaad een endogene
sociale interactie representeren en niet een ongeobserveerd eﬀect op klasniveau.
De in dit hoofdstuk gebruikte schattingsmethode kan worden toegepast
mede omdat de gebruikte dataset gedetailleerde informatie bevat over iedere
scholier in een klas. De data zijn niet verkregen via een mechanisme waarbij
scholieren op toevallige wijze worden toegewezen aan een bepaalde klas. Echter,
aangezien alle scholen met meer dan een klas aan het onderzoek deelnemen kan
het probleem van vertekening als gevolg van gecorreleerde ongeobserveerde vari-
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abelen gedeeltelijk ondervangen worden door schoolspeciﬁeke vaste eﬀecten in
het model op te nemen.
Hoofdstuk 5 bestudeert de theoretische eigenschappen van het model dat in
hoofdstuk 4 is geschat. Ter wille van de statistische coherentie van het model
is in dat hoofdstuk de aanname gemaakt dat in gevallen waarin meer evenwichten mogelijk zijn, elk van deze evenwichten met gelijke kans kan optreden.
Hoofdstuk 5 gaat in op de vragen of in alle situaties een evenwicht bestaat en
in welke gevallen meervoudige evenwichten optreden.
Hiertoe worden de speltheoretische eigenschappen van het model onderzocht. De evenwichtseigenschappen van het model worden gekarakteriseerd,
in het bijzonder het verband tussen de sterkte van de interactie tussen agenten, het aantal agenten en het aantal evenwichten. Indien het voor een agent
aantrekkelijker wordt een bepaalde actie te ondernemen naarmate meer (minder) andere agenten dezelfde actie ondernemen, wordt gesproken van een spel
met strategische complementen (substituten). Zowel voor het geval met strategische complementen als voor het geval met strategische substituten, wordt het
bestaan van in ieder geval één evenwicht aangetoond. Verder worden strikte
bovengrenzen afgeleid voor het aantal evenwichten, gegeven het aantal agenten
en de sterkte van de interactie tussen de agenten. In alle gevallen is dit aantal
beduidend lager dan het aantal van 2N mogelijke strategieproﬁelen. Voorts
is voor veel interactiesterktes het aantal evenwichtsuitkomsten op zijn beurt
duidelijk lager dan de afgeleide bovengrens. Dit komt overeen met de bevinding in hoofdstuk 4 dat in de meeste gevallen de geschatte kans op een uniek
evenwicht groter is dan 80 procent.
Tenslotte wordt een uitbreiding van het model met geslachtsafhankelijke
interactietermen behandeld. In hoofdstuk 4 bleek dat interacties tussen de verschillende sexen van invloed zijn op het rook- en spijbelgedrag van middelbare
scholieren en op het hebben van een brommer/scooter. Het belangrijkste resultaat is dat het opnemen van een interactie tussen de verschillende geslachten
niet van invloed is op de bovengrens van het aantal mogelijke evenwichten.
De in hoofdstuk 5 afgeleide theoretische resultaten zijn van waarde voor de
ontwikkeling van eﬃciënte computeralgoritmes om de evenwichten voor deze
klasse van spellen te bepalen.
In hoofdstuk 6 wordt verslag gedaan van een tweede empirische studie. In
deze studie wordt gekeken naar de rol die anonimiteit speelt in het geefgedrag van mensen aan collectes tijdens kerkdiensten. Hiertoe werd de volgende
experimentele opzet in dertig Nederlandse kerkelijke gemeenten toegepast. Gedurende een periode van 29 weken werd de wijze waarop de collectes tijdens de
diensten worden ingezameld, op de volgende wijze bepaald: met gelijke kans
werd een collecte ingezameld met behulp van een ‘gesloten’ collectezak, of met
behulp van een open collectemandje. Het gebruik van mandjes neemt de anonimiteit van de gever op de volgende manieren weg. Ten eerste kunnen degenen
die naast de gever zitten, zien hoeveel hij of zij aan de collecte bijdraagt. Ten
tweede krijgt de gever zelf, door in het mandje te kijken, een beeld van het
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bedrag dat door de mensen vóór hem of haar is gegeven. Bij gebruik van de
collectezak zijn beide observaties niet mogelijk.
De resultaten laten zien dat aanvankelijk de opbrengsten van mandcollectes
circa 10 procent hoger liggen dan die van zakcollectes, maar dat dit verschil
in de loop van de tijd verdwijnt. Nadere beschouwing van de gegevens leert
dat het gebruik van mandjes een blijvend eﬀect heeft op collectes die een doel
dienen dat buiten de eigen gemeente ligt, denk bijvoorbeeld aan collectes voor
organisaties als Amnesty International. Een mogelijke verklaring is dat collectes voor doelen buiten de eigen gemeente geschikter zijn om onbaatzuchtig
gedrag te etaleren omdat voor deze collectes duidelijk is dat de gever geen direct voordeel heeft van een hoge opbrengst. Een tweede eﬀect van het opheﬀen
van de anonimiteit is dat kerkgangers relatief meer munten met een grotere
waarde (1 en 2 eurostukken) aan mandcollectes geven. Dit is in tegenspraak
met de standaard economische theorie die stelt dat alleen de totale waarde
van de gegeven munten van belang is en het niet uitmaakt of je 1 euro of 10
eurodubbeltjes geeft. Beide bevindingen suggereren dat sociale prikkels, zoals
het tonen van belangeloos gedrag en het ontvangen van goedkeuring door de
groep, belangrijke motieven zijn voor liefdadigheid.
De vragen die deze studie aansnijdt, zijn verwant met, en sluiten aan op een
aantal economische experimenten die in laboratoria zijn uitgevoerd. Vergeleken
met deze laboratoriumexperimenten heeft deze studie het voordeel dat de interacties niet in een kunstmatige omgeving plaatsvinden, maar in een praktijksituatie waar de sociale banden tussen de actoren op natuurlijke wijze zijn
ontstaan en waarschijnlijk sterk zijn. Op deze manier illustreert de studie
hoe de methodologie van economische experimenten kan worden toegepast in
niet-artiﬁciële contexten, waarbij de onderzoeker toch controle houdt over de
belangrijkste verklarende variabelen.
In het vierde en laatste deel van dit proefschrift (hoofdstuk 7) verschuift de
aandacht naar de eﬀecten van sociale interacties op de aanbodzijde van de
economie. Met dit doel wordt een theoretisch model gepresenteerd met een
winst-maximaliserende monopolist die één goed produceert. De consumptie
van dit goed is onderhevig aan een positieve externaliteit: het nut dat een
consument ontleent aan consumptie van het goed is positief afhankelijk van het
percentage consumenten in zijn referentiegroep dat het goed koopt. Met dit
model analyseren we vervolgens het prijszettingsgedrag van de monopolist. In
het bijzonder kijken we naar de gevolgen die het splitsen van de samenleving in
twee aparte referentiegroepen heeft op de prijs van het goed en de winst van de
monopolist, denk hierbij bijvoorbeeld aan een splitsing in een groep ‘jongeren’
en een groep ‘ouderen’. Het belangrijkste resultaat is dat het splitsen van
de samenleving in kleinere sociale groepen niet in alle gevallen leidt tot meer
marktmacht en hogere winsten voor de monopolist. De richting en de omvang
van de verandering in winst blijkt af te hangen van de wisselwerking tussen
de sterkte van de externaliteit en de speciﬁeke manier waarop de splitsing
plaatsvindt.
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Algemene conclusies
Een algemene conclusie die volgt uit dit proefschrift is dat sociale interacties een
wezenlijke rol spelen in de bepaling van de uitkomst van economische processen.
De theoretische studies laten zien hoe sociale interacties aan de vraagzijde van
de economie de allocatie van middelen door consumenten kunnen beı̈nvloeden,
en aan de aanbodzijde van invloed kunnen zijn op de winst die door een monopolistische producent kan worden behaald. Uit de empirische studies blijkt
dat 1) interacties tussen klasgenoten in sommige gevallen een belangrijke rol
spelen bij schoolgerelateerde keuzes van middelbare scholieren, en dat 2) in
het geefgedrag aan collectes tijdens kerkdiensten de bijdrage van kerkgangers
wordt beı̈nvloed door de omstandigheid of de gift anoniem kan worden gegeven
of niet.
Naast de resultaten in dit proefschrift, toont een toenemend aantal studies de rol van sociale interacties in economische beslissingsprocessen aan. Het
aangedragen bewijs is echter nog onvoldoende om een compleet beeld te vormen ten aanzien van de rol van interactie-mechanismen in de beslissingen van
economische agenten. Onderzoeksopzetten met een of meer van de volgende
drie kenmerken zullen van grote waarde zijn in het boeken van verdere voortgang. Het eerste kenmerk is dat ze zich richten op interactie-mechanismen
tussen leden van groepen van een beperkte omvang. Het tweede kenmerk is
dat ze gedetailleerde informatie verzamelen over elk van de agenten. Het derde
kenmerk is de aanwezigheid van ten minste één van de volgende toevalsmechanismen: agenten worden op toevallige wijze aan groepen toegewezen of een
willekeurig deel van de agenten wordt onderworpen aan een bepaalde behandeling. Beide toevalsprocessen zijn een krachtig middel om het vertekenende
eﬀect van gecorreleerde niet-geobserveerde variabelen te reduceren.
Voor studies naar buurteﬀecten betekenen de eerste twee punten bijvoorbeeld dat niet wordt geprobeerd interacties tussen verschillende huishoudens
in dezelfde stad te identiﬁceren, maar dat informatie wordt verzameld over
de interacties tussen verschillende huishoudens in dezelfde straat. De studie
van Sacerdote (2001) over huisgenoten in studentenhuizen bezit de eerste twee
kenmerken, evenals de empirische studie in hoofdstuk 4.
Laboratoriumexperimenten zijn zeer geschikt voor het implementeren van
onderzoeksopzetten die in overstemming zijn met bovenstaande richtlijnen. Het
aantal deelnemers aan een experimentele sessie is per deﬁnitie beperkt. Verder
is het eenvoudig om de acties en de relevante achtergrondsvariabelen van de
deelnemers te registreren en om randomisatiemechanismen toe te voegen. Een
nadeel van laboratoriumexperimenten is hun artiﬁciële karakter. Onderzoeksontwerpen die de experimentele methodologie exporteren naar praktijksituaties
buiten het laboratorium bieden een mogelijkheid om aan dit bezwaar tegemoet
te komen. Het veldexperiment in hoofdstuk 6 geeft hiervan een voorbeeld.
Met betrekking tot de dataverzameling is het opmerkelijk dat weinig empirische studies gebruik maken van panel data of subjectieve data. In het
algemeen heeft het gebruik van panel data het voordeel dat het probleem van
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gecorreleerde ongeobserveerde variabelen kan worden verminderd door vaste
eﬀecten voor iedere agent toe te voegen. Ook is het mogelijk om aan de hand
van de historie van de interacties tussen een groep agenten iets te zeggen over
de dynamiek van de interactie. Hoeveel tijd verstrijkt bijvoorbeeld voordat een
agent zijn gedrag heeft aangepast aan het veranderde gedrag van de andere
agenten in zijn referentiegroep? Subjectieve data zijn nuttig in het beantwoorden van de vraag welke agenten de relevante referentiegroep voor een agent
vormen. Met dit oogmerk is het gebruik van subjectieve data geı̈ntroduceerd
in Woittiez en Kapteyn (1998), maar deze aanpak heeft sindsdien weinig navolging gevonden.
In theoretisch opzicht is een aantal voor de hand liggende uitbreidingen van
interactiemodellen nog grotendeels niet onderzocht. In de meeste toepassingen worden de parameters die de interacties representeren (de γ in de hoofdstukken 4 en 5) constant, niet-negatief en identiek voor alle agenten verondersteld. Een mogelijke uitbreiding is het afhankelijk maken van deze parameters
van de achtergrondsvariabelen van de aan de interactie deelnemende agenten,
zodat γi,j = γ(xi , xj ), met xi de achtergrondsvariabelen van agent i. Een andere uitbreiding is om de interactiegewichten als stochastische variabelen te
modelleren door gebruik te maken van de theorie van toevallige grafen. Zie
Ioannides (1990), Kirman (1983) en Kirman, Oddou en Weber (1986) voor
voorbeelden van theoretische modellen die deze aanpak gebruiken. Hoewel veel
modellen uitgaan van positieve interacties, is hiervoor geen principiële reden te
geven. In hoofdstuk 5 wordt ook het geval met negatieve interactiegewichten
in de bestudering van de evenwichtseigenschappen betrokken.
Tot slot
Met het oog op het bewijs ten aanzien van sociale interacties merkt Durlauf
(2002, p. 20) op dat “er weinig reden is voor een scepticus om zijn mening te
veranderen op basis van het statistische bewijs dat op dit moment voorhanden
is.” Inderdaad, veel vragen wachten nog steeds op een antwoord. De theoretische en empirische studies in dit proefschrift laten echter zien dat in diverse
contexten sociale interacties een bepalende factor zijn in het beslissingsproces
van diverse economische agenten. Samen leveren de studies een bijdrage aan de
“clear thinking” alsook aan de “cumulative body of empirical research” (Manski, 2000, p. 132). De resultaten geven aanleiding om minder sceptisch te
worden ten aanzien van het toevoegen van sociale interacties aan economische
modellen.
Tenlotte, de discussie over de interpretatie van de resultaten van empirische
studies naar sociale interacties en de in beginsel verstrekkende gevolgen van sociale interacties voor zowel economische modellering als voor overheidspolitiek,
zorgen er samen voor dat de studie van sociale interacties in de komende jaren
een belangrijk en beweeglijk onderzoeksgebied zal blijven.

