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Thesis Summary

This thesis analyzes two important aspects of collective decision-making, fairness and

vote-buying.

In the first part, we examine how fairness motives affect decision-making in committees.

We consider two kinds of fairness motives (reciprocity and inequity aversion) in static

and dynamic voting models. The findings of our models suggest that fairness motives

may have significant effects on the voting behavior of committee members and thus

on the outcome of votings. For example, we show that inequity-averse committee

members may vote against their own material payoffs to reduce inequity among voters.

If committee members are motivated by reciprocity, we show that they may vote against

their own material interests to help other members perceived as friendly, or to retaliate

on other members perceived as unkind. Our findings suggest that reciprocity and

inequity aversion could be mechanisms explaining the frequent occurrence of logrolling

in politics. We also show that they can explain why in reality, projects are sometimes

adopted although they are detrimental to a large majority of committee members.

We discuss various mechanisms that might help to eliminate the possible negative

consequences of fairness motives, such as incentive contracts and flexible majority rules.

In the second part, we analyze the impact of vote-buying on the economic development

of a poor and uneducated society. We consider a political economy model with a

poverty trap, where redistribution can promote growth. We show that vote-buying

contributes to the persistence of poverty if the society decides about growth-promoting

redistribution by simple majority voting, as rich people can buy the votes of poor

people to prevent redistribution. We then suggest a set of constitutional rules, such as

a repeated-voting rule, a rotating-agenda-setting rule and a taxpayer-protection rule,

which can eliminate the negative consequences of vote buying and promote growth.
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Kurzfassung

Diese Dissertation untersucht zwei wichtige Aspekte von Kollektiventscheidungen,

nämlich Fairness und Stimmenkauf.

Im ersten Teil wird untersucht, wie Fairness-Motive die Entscheidungsfindung in ei-

nem Komitee beeinflussen. Es werden zwei Arten von Fairness-Motiven (Reziprozität

und Ungleichheitsaversion) in statischen und dynamischen Abstimmungsmodellen be-

trachtet. Die Ergebnisse der Modelle legen nahe, dass sowohl Reziprozität als auch

Ungleichheitsaversion signifikante Auswirkungen auf das Abstimmungsverhalten der

Komitee-Mitglieder haben. In der Arbeit wird zum Beispiel gezeigt, dass ungleich-

heitsaverse Mitglieder bereit sind, gegen ihre eigenen materiellen Interessen zu stim-

men, wenn sie dadurch die Ungleichheit zwischen ihnen und ihren Kollegen verringern

können. Des Weiteren wird gezeigt, dass auch reziproke Komitee-Mitglieder bereit sind,

materielle Einbussen in Kauf zu nehmen, zum Beispiel aus Gründen der Dankbarkeit

aber auch aus Rache anderen Kollegen gegenüber. Unsere Ergebnisse deuten darauf

hin, dass Reziprozität und Ungleichheitsaversion Mechanismen sind, die das häufige

Vorkommen von Logrolling im politischen Prozess erklären können. Ausserdem liefern

sie eine mögliche Begründung, warum manchmal Projekte in der Realität angenommen

werden, obwohl sie für eine grosse Mehrheit der Komitee-Mitglieder von Nachteil sind.

In dieser Arbeit werden verschiedene Mechanismen diskutiert, wie zum Beispiel An-

reizverträge und flexible Mehrheitsregeln, die solche negativen Auswirkungen mildern

können.

Der zweite Teil dieser Arbeit beschäftigt sich mit den Auswirkungen von Stimmenkauf

auf die ökonomische Entwicklung einer verarmten und unausgebildeten Gesellschaft. Es

wird das polit-ökonomische Modell einer Armutsfalle betrachtet, in dem Wirtschafts-

wachstum durch Umverteilung gefördert werden kann. Ein zentrales Ergebnis des Mo-

dells ist, dass Stimmenkauf zur dauerhaften Armut einer Gesellschaft beitragen kann,

wenn diese nur mit Hilfe der einfachen Mehrheitsregel über wachstumsfördernde Um-

verteilung abstimmt. Dieses Ergebnis beruht auf der Tatsache, dass reiche Haushalte

durch den Stimmenkauf armer Haushalte Umverteilungsvorschläge blockieren können.

Um die negativen Folgen von Stimmenkauf zu vermeiden und Wachstum zu fördern,

wird eine Reihe von Verfassungsregeln vorgeschlagen. Zu diesen Regeln gehören eine

wiederholte Abstimmungsregel, eine rotierende Agendasetzungsregel und eine Regel,

die Steuerzahler vor einer übermässigen Besteuerung schützt.
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Chapter 1

Introduction

1.1 Overview

This thesis comprises two parts. First, we examine the impact of fairness preferences

on decision-making in a committee. Second, we analyze the impact of vote-buying on

the economic development of a society. In the following, we explain these two parts in

more detail.

Part I: Fairness and Decision-making in Committees

One of the most frequently used assumptions in economic theory is the assumption

that agents act selfishly and do not care about the well-being of others. The results of

many experiments, however, contradict this assumption in a variety of circumstances.

For example, in ultimatum game experiments where a participant has to propose a

division of a fixed surplus and another participant has to decide whether to accept this

offer, people often reject allocations where they receive a much smaller monetary payoff

than their partners in favor of an allocation where neither player receives anything (see,

e.g., Güth, Schmittberger, and Schwarze (1982)). Gift-exchange experiments,

where responding participants can repay gifts of proposing participants, indicate that

a substantial fraction of responders is willing to reward actions that are perceived

as generous (see, e.g., Fehr, Kirchsteiger, and Riedl (1998)). This evidence

suggests that people are not solely interested in their own material well-being, but

9



Chapter 1. Introduction

also care about the well-being of others. Thus, fairness considerations seem to play an

important role in decision-making of individuals.

The economic consequences of fairness have been analyzed in various areas.1 Fairness

may have implications on the prices and wages set by firms, for example, (see Kahne-

man, Knetsch, and Thaler (1986) and Akerlof and Yellen (1990)) or on tax

compliance (see Feld and Frey (2002)). It seems plausible to assume that concerns

for fairness may also play an important role in the political process. In particular, psy-

chological considerations such as gratitude, disappointment, envy or compassion may

affect the voting behavior of individuals and thus the outcome of votings. However,

there are only few theoretical papers that analyze the consequences of fairness in poli-

tics. For example, Hahn (2007a, 2007b) analyzes the voting behavior of fair voters in

a two-party model. Galasso (2003) and Tyran and Sausgruber (2006) examine

the impact of fair voters on the level of redistribution. The first part of this thesis

contributes to that literature by analyzing how fairness motives affect decision-making

in committees.

Part II: Vote-Buying and Growth

In the second part of this thesis, we analyze the impact of vote-buying on the economic

development of a society. Although vote-buying is legally forbidden in most countries,

empirical evidence indicates that it frequently occurs in developing countries. For

example, in the 2002 community-level elections in the Philippines, an estimated 3

million people were offered some form of payment. This corresponds to about 7 percent

of all adults allowed to vote. In Thailand, 30 percent of the households surveyed in a

national sample said that they had been offered money during the 1996 general election.

In Taiwan’s 1999 election, 27 percent of a random sample of voters reported that they

had accepted cash offers during previous electoral campaigns.2

Vote-buying may have adverse consequences on the economic development of poor and

less developed countries. For example, rich people may use their money to buy the

votes of poor people to prevent growth-promoting redistribution. The second part of

1For an overview of the sectors where the impact of fairness preferences cannot be neglected, see
Fehr and Fischbacher (2002) and Meier (2006).

2The data for the Philippines, Thailand and Taiwan can be found in the comprehensive survey of
Schaffer (2004).
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Chapter 1. Introduction

this thesis examines the effects of vote-buying on economic growth and it suggests a

set of constitutional rules that enable a society to break the negative consequences of

vote-buying.

1.2 The Structure of the Thesis

In the following, we provide a detailed outline of this thesis. In particular, we summa-

rize the approach and the findings of each chapter.

1.2.1 Fairness and Decision-making in Committees (Part I)

The Theoretical Concepts of Fairness Preferences (Chapter 2)

In chapter 2, we summarize the concepts of fairness discussed in the literature. In

particular, we concentrate on two approaches to modeling fairness. On the one hand,

there are models where the utilities of players’ depend on their intentions and the

intentions of other players. Examples for this approach are the concept of reciprocity

developed by Rabin (1993), Dufwenberg and Kirchsteiger (2004) and Falk and

Fischbacher (2006). On the other hand, there is the outcome-based approach where

players’ utilities depend only on the distribution of payoffs, i.e. on outcomes. Exam-

ples for this approach are the concept of inequity aversion developed by Fehr and

Schmidt (1999) and Bolton and Ockenfels (2000).

Reciprocity and Committees (Chapter 3)

In chapter 3, which is based on Hahn and Mühe (2007), we examine the impact

of reciprocity on decision-making in a committee. In particular, we focus on com-

mittees where members vote simultaneously on the implementation of a project. We

distinguish between three kinds of projects. First, we consider projects that may be

advantageous to all agents. Second, we consider projects that may be disadvantageous

to all agents. Third, we focus on projects that may be advantageous to some agents,

but disadvantageous to at least one agent. We examine two decision-making rules, the

unanimity rule and the majority rule.

We show that any voting behavior that constitutes an equilibrium without reciprocity

11



Chapter 1. Introduction

also represents an equilibrium when people are reciprocally motivated (standard equi-

libria). If reciprocal motives are important, additional equilibria may exist. All of them

imply lower material payoffs and lower overall utility for a large majority of members,

compared to the standard equilibria. The reason is that in any additional equilibrium,

a majority of committee members is voting against its material interests, to retaliate on

other members perceived as unkind. Finally, we discuss mechanisms such as incentive

contracts that may make the existence of additional equilibria less likely.

Reciprocity and Logrolling (Chapter 4)

In this chapter, which is an extension of Hahn and Mühe (2007), we consider a

two-period voting game where reciprocally motivated committee members vote on the

implementation of a project in each period. In particular, we consider a scenario where

voters could be better off if they engage in logrolling, i.e. if they vote for some project

under the assumption that the voters interested in these projects will be willing to vote

for their own projects in return.

We show that for standard rational utility-maximizers, logrolling cannot occur in equi-

librium, because in the second period, voters will vote according to their material

preferences. However, we also show that under reciprocity, “psychological logrolling

equilibria” may exist where some agents perceive others as kind and therefore accept

projects that are detrimental to themselves, but beneficial to others. Interestingly, we

show that logrolling may only occur if members of the committee are not too recip-

rocal. If individuals are extremely reciprocal, these equilibria break down, as players

do not accept gifts that involve costs for friendly players. However, if players are only

marginally influenced by reciprocal motives, “psychological logrolling equilibria” will

not exist either, as no player is willing to incur costs in order to help the other player

by voting against his own material preferences. To sum up, “psychological logrolling

equilibria” only occur for intermediate degrees of reciprocity.

Inequity Aversion and Committees (Chapter 5)

In chapter 5, which is based on Mühe (2008), we examine the impact of inequity aver-

sion on decision-making in a committee. In particular, we focus on committees where

members vote simultaneously on the implementation of a project and have a conflict

12



Chapter 1. Introduction

of interest. We distinguish between three decision-making rules, the simple majority

rule, the unanimity rule, and the flexible majority rule developed by Gersbach (2005),

where the size of the majority needed to implement a project depends on the proposal

itself. Given this setting, we analyze the effects of inequity aversion on the optimal

choice of a decision rule.

We show that the desirability of a project depends crucially on the degrees of inequity

aversion. In particular, we show that the adoption of projects where the benefits and

costs are unequally distributed is only socially desirable if voters suffer weakly from in-

equity aversion. Moreover, we show that the majority rule is superior to the unanimity

rule if voters suffer weakly from inequity aversion, as it enables the adoption of socially

desirable projects. By contrast, if voters suffer strongly from inequity aversion, then

decisions should be taken by unanimity rule as this rule would prevent the adoption of

undesirable projects since the project loser has the possibility to vote the project down.

Finally, we consider the flexible majority rule. We show that this rule is superior to the

majority and the unanimity rule, because it enables the adoption of socially desirable

projects and deters the adoption of undesirable projects.

Inequity Aversion and Logrolling (Chapter 6)

In chapter 6, which is based on Mühe (2007), we reconsider the model of chapter 4,

i.e. logrolling in a two-period voting game. However, in contrast to chapter 4, we

now assume that committee members are motivated by inequity aversion instead of

reciprocity.

We show that under inequity aversion, equilibria may exist where agents engage in

logrolling. The reason for this result is the following: Suppose that the first project

has been adopted. The project loser of the second project will suffer utility losses from

inequity arising from the implementation of the first project if the second project is not

adopted. If these losses are sufficiently large, then voting against the second project

is not profitable for him. Hence, logrolling can occur in equilibrium. Moreover, we

show that for logrolling to be possible, not all voters have to be motivated by inequity

aversion. In order that logrolling will occur in equilibrium, the individuals with inequity

concerns have to be project losers in the last vote, as voters without inequity concerns

always vote according to their material preferences in the second period.

13



Chapter 1. Introduction

1.2.2 Vote-Buying and Growth (Part II)

Breaking Vote-Buying to Promote Growth (Chapter 7)

In this chapter, which is based on Gersbach and Mühe (2007), we examine the im-

pact of vote-buying on the economic development of a society. The objective of this

chapter is twofold. First, we analyze whether vote-buying can explain why in many de-

veloping countries, democratic societies have been caught in a poverty trap. We show

that under the simple majority rule, growth-promoting redistribution is impossible, as

rich people have strong incentives to buy the votes of poor people to prevent redis-

tribution. This implies that the individuals chosen to set the agenda will never make

any redistribution proposal, and consequently poverty persists. Even sophisticated

agenda-setting rules such as rotating agenda setting cannot overturn this result.

Second, we suggest a set of constitutional rules that enables a society to break vote-

buying and to promote growth. In particular, we show that repeated voting on the

same redistribution proposal is an essential element of such rules, as it protects a society

against vote-buying. The reason is that a repetition of the voting on a single proposal

makes vote-buying very costly, as the vote buyers have to pay for the votes in each

voting. In order to promote growth, the repeated-voting rule will be combined with

rotating agenda-setting, which ensures that growth-promoting redistribution proposals

are made. Moreover, a taxpayer-protection rule is used that prevents richer people

from sliding back into poverty.

14
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Chapter 2

The Theoretical Concepts of
Fairness Preferences

2.1 Introduction

In the first chapter of this thesis, we have discussed empirical evidence supporting the

view that people are not solely interested in their own material well-being, but also

care about the well-being of others. In particular, we argued that it is plausible to

assume that fairness motives may have an impact on decision-making in committees.

Two broad concepts of fairness are being discussed in the literature. On the one

hand, there are models focusing on intentions and motives (intention-based approach).

On the other hand, there are models concentrating on the distributional concerns of

individuals (outcome-based approach).1 In this thesis, we will apply both approaches.

The Intention-based Approach

We use the intention-based approach to analyze the impact of intentions and motives

on decision-making in committees. In particular, we want to analyze how psychological

considerations such as, gratitude and disappointment may affect the voting behavior of

committee members. For this reason, we apply the theory of reciprocity, which is based

on the theory of psychological games. The notion of psychological games is introduced

1For a comprehensive survey of fairness preferences, see, e.g., Sobel (2005), Camerer (2003) or
Fehr and Schmidt (2006).
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Chapter 2. The Theoretical Concepts of Fairness Preferences

by Geanakoplos, Pearce, and Stacchetti (1989) (henceforth GPS),2 who study

strategic situations in which beliefs of players about choices of other players affect their

preferences. Since reciprocity implies that intentions, and also perceptions of other

players’ intentions matter for decision-making, Rabin (1993) (henceforth RA) proposes

a theory of reciprocity based on this approach. As RA’s concept can only be applied to

two-player normal form games, Dufwenberg and Kirchsteiger (2004) (henceforth

DK) develop an extension to encompass dynamic games with an arbitrary number

of players. Notably, they propose an updating mechanism for beliefs. Whenever a

new node is reached, the past choices leading to this node are assumed to have been

made deliberately. An alternative approach to extensive-form games is introduced by

Falk and Fischbacher (2006) (henceforth FF), who assume that only initial beliefs

enter the utility functions of players. Segal and Sobel (2007) choose a general,

axiomatic approach to modeling reciprocity and derive conditions under which each

player’s preferences can be represented by a weighted average of all player’s utilities

from outcomes. In the course of this thesis, we will apply the concept developed by

DK.

The Outcome-based Approach

We use the outcome-based approach to analyze the impact of distributional motives on

decision-making in committees. There are two prominent examples for this approach,

namely the ERC3 model developed by Bolton and Ockenfels (2000) (henceforth

BO) and the concept of inequity aversion developed by Fehr and Schmidt (1999)

(henceforth FS). While the approach of BO is similar to FS’ in many respects, FS’

approach assumes that inequity-averse individuals compare themselves to all other in-

dividuals in the population. By contrast, the BO’s approach supposes that individuals

compare themselves to the “average” individual in the population. In the following,

we will apply the concept developed by FS.

The main difference between intention-based and outcome-based concepts is that in-

dividuals with distributional concerns are only interested in the final distribution of

2Battigalli and Dufwenberg (forthcoming) extend the psychological games developed by
Geanakoplos, Pearce, and Stacchetti (1989) by including conditional higher-order beliefs and
enlarged domains of payoff functions.

3ERC stands for “Equity, Reciprocity, and Competition”.
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the outcome, whereas individuals, caring about intentions and motives, worry about

the way distributions come about. Moreover, the outcome-based approach has the

desirable feature of being technically easy to handle, because standard equilibrium

concepts like Nash equilibrium can be applied. By contrast, the intention-based ap-

proach is technically more demanding, as it needs a generalization of standard game

theory which allows for the possibility that payoffs are a function of players’ beliefs.

In the following two subsections, we will consider the different concepts of both ap-

proaches in more detail.

2.2 The Outcome-based Approach

In this section, we briefly summarize the models centered on distributional concerns

of individuals. First, we will give a short summary of the concept of inequity aversion

developed by FS. Then, we will present the ERC model developed by BO. Finally, we

compare and discuss both models.

2.2.1 Fehr and Schmidt’s Concept of Inequity Aversion

The concept of inequity aversion developed by FS assumes that the utility of the

individuals depends not only on the material payoff, but also on the distribution of

the outcome. In particular, FS consider the case where individuals dislike inequity

unfavorable to them, i.e., if they are worse off in material terms than other players, as

well as inequity favorable to them, i.e., if they are better off than the others. Moreover,

FS regard only self-centered inequity aversion, i.e., a player does not care about inequity

between two other players. In the following, we will briefly summarize the inequity

aversion concept of FS which can be applied to N -player normal and extensive form

games.

The material payoffs of player i ∈ {1, . . . , N} are denoted by πi. Two additional terms

are added by FS to the utility function to measure the utility loss of player i from

inequity aversion. The first additional term is given by

−αi

1

N − 1

∑

j 6=i

max {πj − πi, 0} , (2.1)

which measures the utility loss of player i from disadvantageous inequity, that is, if
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πj ≥ πi (j 6= i). The parameter αi ≥ 0 represents the marginal loss from disadvan-

tageous inequity. That is, it measures how strongly player i suffers from a marginal

increase in disadvantageous inequity. It has to be noted that the disutility from dis-

advantageous inequity aversion has been normalized by dividing the term by N − 1.

FS make this normalization to ensure that the relative impact of inequity aversion on

player i’s total payoff is independent of the number of players.

The second additional term is given by

−βi

1

N − 1

∑

j 6=i

max {πi − πj, 0} , (2.2)

which measures the utility loss to player i from advantageous inequity, that is, if

πi ≥ πj (j 6= i). The parameter βi ≥ 0 represents the marginal loss from advan-

tageous inequity. That means that it measures how strongly player i suffers from a

marginal increase in advantageous inequity. FS assume that βi < 1, which is made

to rule out the implausible case where player i is prepared to “throw away” money to

reduce advantageous inequity. It should be noted that the disutility from advantageous

inequity aversion is also normalized by dividing the term by N −1. This normalization

is made by the same token as the normalization of the term representing the disutility

from disadvantageous inequity.

FS’ overall utility function of individual i ∈ {1 . . . , N} is therefore given by:

Ui (π1, . . . , πN) = πi − αi

1

N − 1

∑

j 6=i

max {πj − πi, 0}

− βi

1

N − 1

∑

j 6=i

max {πi − πj, 0} .
(2.3)

Moreover, FS assume that an individual suffers more from inequity which is disadvan-

tageous to him than from inequity to his advantage, i.e. βi ≤ αi. In the two-player

case (2.3) simplifies to

Ui (π1, π2) = πi − αi max {πj − πi, 0} − βi max {πi − πj, 0} , (2.4)

where i = 1, 2 and j 6= i.
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2.2.2 Bolton and Ockenfels’ Concept of Equity, Reciprocity,
and Competition (ERC)

BO’s ERC model has a motivation similar to the inequity aversion model of FS. A

short summary of BO’s model – which can be applied to normal and extensive form

games – will now be given to illustrate the difference to the inequity aversion model of

FS.

In the following, consider a set of N -players, indexed by i ∈ {1, . . . , N}. Let πi denote

player i’s material payoff. BO assume that each player i maximizes his expected utility

function, which is given by

Ui = Ui (πi, σi) (2.5)

where σi is his relative share of the total payoff. Formally, σi is given by

σi = σi (π1, . . . , πN , N) =






πi
PN

j=1
πj

if
N∑

j=1

πj > 0

1
N

if
N∑

j=1

πj = 0.

(2.6)

For mathematical convenience, BO assume that the function Ui is continuous and twice

differentiable on the domain of (πi, σi).

Like FS, BO presume that individuals are not only motivated by material payoffs, but

also care about the distribution of the outcome. In order to formalize both motives,

BO make two assumptions as to the function Ui. First, they assume for a given relative

payoff σi that Ui (πi, σi) is weakly increasing and concave in player i’s own material

payoff πi. This assumption implies that for a given relative payoff σi, player i’s choice

is consistent with the standard assumption of self-interest. Second, they assume for

the case where πi is given that Ui (πi, σi) is strictly concave in player i’s share of total

income, σi, with a maximum at σi = 1/N . That is, in BO’s theory, the average

material payoff is used as the reference point for each player. This assumption implies,

for example, in the two player case, that i would like to reduce j’s payoffs if his own

payoff is smaller than the average. On the other hand, if player i’s payoff is larger than

the average, then he is willing to increase j’s payoffs.

20



Chapter 2. The Theoretical Concepts of Fairness Preferences

2.2.3 Comparison and Discussion of Both Approaches

The main difference between BO and FS is the assumption of the reference point.

FS assume that each player compares himself to any other individual separately. By

contrast, BO assume that players compare themselves only with the “average” player

in the game. Thus, players do not care about inequities between themselves and the

other players.

The main achievement of both theories is that they can explain much of the exper-

imental evidence.4 For example, both theories predict the rejection of low offers in

ultimatum games, generosity in dictator games and gift-exchange games, or coopera-

tion in the prisoners’ dilemma. Moreover, both approaches have the advantage of being

easy to handle technically, because standard equilibrium concepts like Nash equilibrium

can be applied.

The main problem of both approaches is that there is no “right choice” of the reference

point. There are situations in which the average payoff seems to be the appropriate

choice. For example, empirical evidence from three-player ultimatum games and from

solidarity games suggests that individuals only care about the average payoff and not

about inequities among other players.5 However, there are also situations where the

choice of the average payoff seems to be inappropriate. For example, empirical research

on public-good games and third-party-punishment games suggests that individuals

want to punish particular individuals for unfair behavior.6 This behavior is described

accurately by FS’ model. By contrast, the model of BO cannot predict which individual

will be punished. The reason is that a player who only wants to reduce the difference

between his payoff and the average individual’s payoff does not care about the target

of the punishment. As we want to consider situations where committee members can

punish unfair behavior of their colleagues, we will use FS’ theory in this thesis.

2.3 The Intention-based Approach

In this section, we summarize the models that focus on intentions and motives. First,

we begin by presenting the theory of psychological games developed by GPS, which is

4For a comprehensive survey, see Fehr and Schmidt (2006).
5See, e.g., Selten and Ockenfels (1998) and Güth and van Damme (1998).
6See, e.g., Charness and Rabin (2002) and Fehr and Fischbacher (2004).
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the starting-point of all reciprocity models. Second, we will introduce the concept of

reciprocity developed by RA. Third, we will display the concept of sequential reciprocity

developed by DK. Then, we will present the model of reciprocity introduced by FF.

Finally, we will compare and discuss all three approaches.

2.3.1 The Theory of Psychological Games

In this part we give a brief survey of the psychological game theory introduced by GPS.

To present the main ideas of this theory, we consider an N -player normal form game.

Let S1, . . . , SN denote the (mixed) strategy set of player 1, . . . , N . A generic strategy

of player i ∈ {1, . . . , N} is denoted by ai ∈ Si. Moreover, let S = S1 × . . .×SN denote

the strategy set of the game. Finally, let a = (a1, . . . , aN) ∈ S denote a strategy profile.

In standard game theory, it is assumed that every player is only motivated by his

material payoffs, which are determined by his own strategy choice and the strategy

choices of the other players. Accordingly, the preferences of player i in standard game

theory are represented by a utility function of the following form

Ui : S → R,

where R denotes the set of real numbers.

However, many experiments have shown that players are not only motivated by material

payoffs, but also care about their opponents’ intentions. That is, the utility of every

player depends on what every player does and what he thinks every player believes, as

well as on what he thinks they believe others believe. Hence, standard game theory

is not well suited to analyze belief-dependent psychological considerations such as,

surprise, gratitude or disappointment. To capture these psychological phenomena,

GPS developed a theory where the players’ utilities depend on their beliefs as well as

on their actions.

To incorporate beliefs into their theory, GPS define b1
i ∈ Πj 6=iSj as player i’s first-order

beliefs, i.e. the beliefs of player i about the strategy choices of all other players; b2
i as

player i’s second-order beliefs, i.e. the beliefs of player i about other players’ first-order

beliefs, and so on. Correspondingly, B1
i denotes the set of player i’s first-order beliefs,

B2
i denotes the set of player i’s second-order beliefs, and so on. A hierarchy of beliefs

of player i is given by bi = (b1
i , b

2
i , . . . , b

∞
i ) ∈ Bi where Bi = B1

i × . . .×B∞
i denotes the
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set of all possible belief hierarchies of player i. Let b = (b1, . . . , bN) ∈ B1 × . . . × BN

denote the profile of belief hierarchies of all players.

Accordingly, GPS characterize the preferences of each player by using a utility function

of the following form

Vi : S × Bi → R,

where the utility of player i is not solely determined by his own strategy choice but

also by his beliefs. Note that beliefs are not part of player i’s action space, i.e. beliefs

cannot be formed strategically.

Moreover, GPS introduce the notion of a coherent belief hierarchy. The belief hierarchy

bi is coherent to a strategy profile a, if every player i believes with probability 1 that

the other players (−i) play a−i = (a1, . . . , ai−1, ai+1, . . . , aN), if every player believes

with probability 1 that every other player k believes with probability 1 that all other

players (−k) play a−k = (a1, . . . , ak−1, ak+1, . . . , aN), and so on. Let βi(a) denote the

belief hierarchy of player i which is coherent to the strategy profile a. Moreover, let

β(a) = (β1(a), . . . , βN(a)) denote the profile of coherent belief hierarchies of all players.

GPS define a psychological Nash equilibrium for a psychological normal form game

G = (S1, . . . , SN ; V1, . . . , VN) as follows:

Definition 2.1

A psychological Nash equilibrium for an N -person psychological normal form game G

is a pair (a∗, b∗) ∈ S × Πi∈{1,...,N}Bi such that:

1. Vi((ai, a
∗
−i), b

∗
i ) ≤ Vi(a

∗, b∗i ) for each i ∈ N and ai ∈ Si

2. b∗ = β(a∗)

In a psychological Nash equilibrium, each player i chooses ai to maximize his utility

Vi, given the strategies of the other players a−i and his beliefs bi (condition 1). The

second condition ensures that all players’ beliefs are correct, i.e. they are coherent with

the strategies played in equilibrium. If beliefs are not part of the utility function, then

condition 2 is redundant and the definition corresponds to the standard definition of a

Nash equilibrium.
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2.3.2 Rabin’s Concept of Reciprocity

RA was the first to propose a theory where players are not only motivated by material

payoffs, but also by reciprocity. That is, if a player thinks the other player intends to

be kind, he will wish to reciprocate this behavior, so he may behave kindly towards

the other player. If the player thinks the other player is unfriendly, then he will derive

psychological payoffs from retaliation. To formalize this idea, RA uses the game-

theoretic framework of GPS.

RA considers a two-player normal form game with mixed strategy sets S1 and S2 for

player 1 and player 2 respectively. The material payoffs of player i (i = 1, 2) are given

by πi : S1 × S2 → R. He defines bij ∈ Sj (j 6= i) as the beliefs of player i about player

j’s strategy choice. Moreover, he defines ciji ∈ Si (j 6= i) as player i’s second-order

beliefs, i.e. the beliefs of player i about what the other player j believes player i’s

strategy is.7 πj(ai, bij) is the payoff player i would grant to player j by choosing ai ∈ Si

given his beliefs bij.

Evaluating whether the intentions of player i towards player j are friendly or not, RA

introduces the “equitable payoff”, which provides a reference point. To determine the

equitable payoff, RA needs to define πh
j (bij) as the highest possible payoff and πmin

j (bij)

as the worst possible payoff for player j that i can achieve by choosing ai, if player i’s

expectation about player j’s strategy choice is bij. Both payoffs are given by

πh
j (bij) = max

ai∈Si

πj(ai, bij) (2.7)

πmin
j (bij) = min

ai∈Si

πj(ai, bij) (2.8)

Furthermore, RA defines πl
j(bij) as the lowest payoff player i can choose for player

j among all feasible Pareto-efficient payoffs, given his beliefs bij. RA distinguishes

between Pareto-efficient and Pareto-inefficient payoffs to guarantee that it is not per-

ceived as friendly if a player refrains from choosing an action that would have hurt

everybody.

RA is now in the position to define the equitable payoff. It is given by

πe
j (bij) =

1

2

[
πh

j (bij) + πl
j(bij)

]
. (2.9)

7Note that bij = b1

i and ciji = b2

i , if we use GPS’s notation.
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When the Pareto frontier is linear, this payoff literally corresponds to the payoff player

j would get if player i “splits the difference” with her among Pareto-efficient points.

According to RA, the kindness function κij(ai, bij) describing how kind player i is being

to player j is given by

κij(ai, bij) :=

{
πj(ai,bij)−πe

j (bij)

πh
j (bij)−πmin

j (bij)
if πh

j (bij) > πmin
j (bij)

0 if πh
j (bij) = πmin

j (bij).
(2.10)

If player i, for example, is giving player j more than the equitable payoff πe
j (bij), i.e.,

if πj(ai, bij) > πe
j (bij), then he is kind to her and the kindness function is positive

(κij(ai, bij) > 0). If however πj(ai, bij) < πe
j (bij), then player i is mean to player j

(κij(ai, bij) < 0), because he is giving her less than her equitable payoff. Player i is

neither mean nor kind to player j if he is trying to give her the equitable payoff

(κij(ai, bij) = 0 for πj(ai, bij) = πe
j (bij)). RA argues that it is plausible, and has been

verified in experiments, that the importance of reciprocity is lower for higher payoffs. As

a consequence, he normalizes the kindness function κij by the term πh
j (bij)−πmin

j (bij),

so that it is decreasing for increasing payoff sizes.

The kindness function λiji(bij, ciji) represents player i’s beliefs about how kind player

j is being to him. It is given by

λiji(bij, ciji) :=

{
πi(bij ,ciji)−πe

i (ciji)

πh
i (ciji)−πmin

i (ciji)
if πh

i (ciji) > πmin
i (ciji)

0 if πh
i (ciji) = πmin

i (ciji).
(2.11)

This function is formally equivalent to the function κji(aj, bji). It depends not only on

the first-order beliefs bij, but also on second-order beliefs ciji (ciji ∈ Si).

Following RA, the preferences incorporating reciprocity are defined by

Ui(ai, bij, ciji) := πi(ai, bij) + λiji(bij, ciji) · [1 + κij(ai, bij)] (2.12)

for all i = 1, 2 and j 6= i. The utility function consists of two parts. The first part,

πi(ai, bij), represents the expected material payoff of player i. It is influenced by the

strategy, ai, player i has chosen from Si and his first-order beliefs about the strategy

choice of player j, bij (bij ∈ Sj). The second part reflects the psychological utility

resulting from the intentions of both players, represented by λiji(bij, ciji)·[1+κij(ai, bij)].

This utility function captures the fact that player i derives utility from being kind to

the other player (κij > 0) if he thinks she is kind (λiji > 0). If he thinks player j is

unkind (λiji < 0), then he derives psychological utility from being unkind (κij < 0).
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RA notes that the utility function Vi(ai, bij, ciji) = πi(ai, bij) + λiji(bij, ciji) · κij(ai, bij)

would yield the same behavior as Ui(ai, bij, ciji). However, he argues that it is implau-

sible that retaliation can completely compensate the psychological losses incurred from

being treated badly. Consequently, he adds a constant term, λiji(bij, ciji), to the utility

function Vi(ai, bij, ciji) which yields Ui(ai, bij, ciji) to capture this motivational element.

Analogously to the psychological Nash equilibrium, RA defines a reciprocity equilib-

rium as follows:

Definition 2.2

The pair of strategies (a1, a2) ∈ S1 ×S2 is a reciprocity equilibrium, if for all i ∈ {1, 2}
and j 6= i the following conditions hold:

1. a∗
i ∈ argmax

ai∈Si

Ui (ai, bij, ciji),

2. bij = a∗
j ∀j 6= i,

3. ciji = a∗
i ∀j 6= i.

In a reciprocity equilibrium, each player i chooses ai to maximize his utility given his

first-order and second-order beliefs. The second and third conditions ensure that the

first-order and second-order beliefs are correct.

2.3.3 Dufwenberg and Kirchsteiger’s Concept of Sequential
Reciprocity

The concept of reciprocity developed by DK is an extension of RA’s concept to en-

compass dynamic games with an arbitrary number of players. In particular, DK con-

sider an N -player extensive form game with mixed strategy sets S1, . . . , SN for players

1, . . . , N respectively. Let the set of histories, H, be the set of choice profiles that

lead to subgames. The expected material payoffs for player i are denoted by πi, with

πi : S1 × . . . × SN → R.

To incorporate intentions in their theory, DK follow RA and use bij ∈ Sj (j 6= i)

to refer to player i’s first-order beliefs and cijk ∈ Sk (k 6= j, j 6= i) to denote player

i’s second-order beliefs. In contrast to RA, who only considers reciprocity in normal

form games, the application of reciprocity to sequential games requires that each player

must update his beliefs about the strategies of the other player as the game evolves.

26



Chapter 2. The Theoretical Concepts of Fairness Preferences

Thus DK use ai(h) with h ∈ H to denote the strategy ai updated for history h. It

is identical to ai except for the choices which define history h; these choices are made

with probability 1. For bij ∈ Sj and cijk ∈ Sk, the beliefs bij(h) and cijk(h) are updated

over time accordingly.

Evaluating whether the intentions of player i towards player j are friendly, DK define

similarly to RA the “equitable payoff” as a reference point. In order to define the

equitable payoff, DK introduce the definition of an efficient strategy, which differs from

RA’s definition, to guarantee that it is not perceived as friendly if a player refrains

from choosing an action that would have hurt everybody.

In contrast to RA, who makes the definition of an efficient strategy dependent on

players’ beliefs, DK define an efficient strategy as follows:

Definition 2.3

ai ∈ Si is an efficient strategy if there exists no a′
i ∈ Si such that

πk

(
a′

i(h), (aj(h))
j 6=i

)
≥ πk

(
ai(h), (aj(h))

j 6=i

)

holds for all h ∈ H, (aj)j 6=i ∈
∏

j 6=i Sj and k ∈ {1, . . . , N}, with strict inequality for at

least some
(
h, (aj)j 6=i

, k
)
.

Definition 2.3 states that a strategy is considered to be efficient if no other strategy

exists that makes all players weakly better off, and at least one player strictly better

off with respect to material payoffs for all possible histories and all subsequent choices

by other players.

Let Ei denote the set of all efficient strategies of player i. To determine the equitable

payoff, DK need to define the worst and best payoff player i can choose for player j.

Let πhi

j

(
(bik(h))k 6=i

)
be the highest possible payoff player i can choose for player j,

given his beliefs (bik(h))k 6=i

πhi

j

(
(bik(h))k 6=i

)
= max

ai∈Si

πj

(
ai, (bik(h))k 6=i

)
. (2.13)

Similarly, DK define the worst payoff if player i chooses an efficient strategy as

πli
j

(
(bik(h))k 6=i

)
= min

ai∈Ei

πj

(
ai, (bik(h))k 6=i

)
. (2.14)

According to DK, the equitable payoff can now be defined as follows

πei

j

(
(bik(h))k 6=i

)
=

1

2

[
πhi

j

(
(bik(h))k 6=i

)
+ πli

j

(
(bik(h))k 6=i

)]
. (2.15)
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By using the equitable payoff, DK define the kindness function describing how kind

player i is to player j at history h ∈ H. It is given by

κ̂ij

(
ai(h), (bik(h))k 6=i

)
:= πj

(
ai(h), (bik(h))k 6=i

)
− πei

j

(
(bik(h))k 6=i

)
, (2.16)

where πj

(
ai(h), (bik(h))k 6=i

)
is the payoff player i would grant to player j by choosing

ai(h) from his set of strategies Si, given his beliefs that all other players make choices

according to the profile (bik(h))k 6=i. If κ̂ij > 0, then player i is being kind to player j,

because he gives her more than the equitable payoff πei

j . If however κ̂ij < 0, then player

i is being mean to player j, because he gives her less than her equitable payoff. Player

i is neither mean nor kind to player j if he intends to give her the equitable payoff

(κ̂ij = 0 for πj = πei

j ). Note that in contrast to RA’s theory, DK avoid to normalize

the kindness function for the sake of simplicity.

Analogously, DK define the kindness function representing player i’s beliefs about how

kind player j is to him at history h ∈ H. It is given by

λ̂iji

(
bij(h), (cijk(h))

k 6=j

)
:= πi

(
bij(h), (cijk(h))

k 6=j

)
− π

ej

i

(
(cijk(h))

k 6=j

)
. (2.17)

This function is formally equivalent to the function κ̂ji

(
aj(h), (bjk(h))

k 6=j

)
. It depends

not only on the first-order beliefs bij(h), but also on second-order beliefs cijk(h).

Following DK, the preferences incorporating reciprocity can be represented by

Ûi

(
ai(h),

(
bij(h), (cijk(h))

k 6=j

)

j 6=i

)
= πi

(
ai(h), (bij(h))

j 6=i

)

+
∑

j 6=i

Yij · λ̂iji

(
bij(h), (cijk(h))

k 6=j

)
· κ̂ij

(
ai(h), (bik(h))k 6=i

)
(2.18)

for all i ∈ {1, ..., N}. The utility function consists of two parts. The first part,

πi

(
ai, (bij(h))

j 6=i

)
, represents the expected material payoff for player i. It is deter-

mined by his strategy, ai, and his first-order beliefs about the strategy choices of the

other players, (bij(h))j 6=i. The second part reflects the psychological utility resulting

from reciprocity, represented by a summand λ̂iji · κ̂ij for each player j 6= i. This term

captures the fact that player i derives utility from being kind to player j (κ̂ij > 0) if

he thinks she is kind (λ̂iji > 0). If he thinks player j is unkind (λ̂iji < 0), then he

derives psychological utility from being unkind (κ̂ij < 0). Yij (Yij ≥ 0) are exogenous

parameters measuring how important the reciprocity is between players i and j.

28



Chapter 2. The Theoretical Concepts of Fairness Preferences

For any strategy profile a = (a1, . . . , aN) ∈ S1 × . . . × SN and any history h ∈ H, let

Si(h, a) ⊆ Si be the set of strategies that prescribe, for each player i, the same behavior

as implied by ai(h) for all histories other than h. With these definitions, we can now

present the concept of a sequential reciprocity equilibrium introduced by DK.

Definition 2.4

The strategy profile a∗ ∈ ∏
i∈{1,...,N} Si is a sequential reciprocity equilibrium if for all

i ∈ {1, . . . , N} and for each history h ∈ H, the following conditions hold:

1. a∗
i (h) ∈ argmax

ai∈Si(h,a∗)

Ûi

(
ai,

(
bij(h), (cijk(h))

k 6=j

)

j 6=i

)
,

2. bij = a∗
j ∀j 6= i,

3. cijk = a∗
k ∀j 6= i, k 6= j.

In a sequential reciprocity equilibrium, each player i chooses ai to maximize his utility,

given his first-order and second-order beliefs. The second and third conditions ensure

that the first-order and second-order beliefs are correct.

2.3.4 Falk and Fischbacher’s Concept of Reciprocity

An alternative approach to extensive form games has been introduced by FF. We will

now give a summary of their concept of reciprocity. To present the main ideas of the

reciprocity concept of FF, we consider a two-player extensive form game with a finite

number of stages and with complete information.8 They use N to denote the set of

nodes and Ni the set of nodes where player i (i = 1, 2) has the move. Let n ∈ N be a

node of the game and An the set of actions in node n.

Let P (An) be the set of probability distributions over the set of actions in node n. The

strategy set of player i is given by Si = Πn∈Ni
P (An). Thus, a player’s strategy puts a

probability distribution on each of the player’s decision nodes. The expected material

payoffs for player i are denoted by πi, with πi : S1×S2 → R. FF use si ∈ Si to denote a

strategy of player i. Moreover, si|n is defined as the strategy si conditional on node n.

This strategy is simply si, except for the fact that the probability of the unique action

leading to n is set to 1 for all nodes which precede n, and the probabilities of the other

8In the appendix of FF’s paper, an extension of their theory to multi-player games and games with
incomplete information is presented.
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actions in these nodes are set to 0. Furthermore, FF define πi(n, si, sj) := πi(si|n, sj|n)

as the expected payoff of player i in the subgame starting from node n, given that the

strategies si and sj are played.

To incorporate intentions in their theory, FF introduce first- and second-order beliefs.

They use s′i ∈ Sj (j 6= i) to denote the first-order beliefs of player i, i.e. the beliefs

of player i about player j’s strategy choice. Similar, s′′i ∈ Si is defined as the second-

order beliefs, i.e. the beliefs of player i about what player j believes player i’s strategy

is.9 Note that, in contrast to the concept of DK, beliefs are not updated as the game

evolves.

FF assume that the perceived kindness of an action depends both on the outcome of

that action and the underlying intention. In FF’s theory, the outcome term ∆j (n, s′′i , s
′
i)

represents player i’s beliefs about how kind player j is to him in node n. It is given by

∆j (n, s′′i , s
′
i) := πi (n, s′′i , s

′
i) − πj (n, s′′i , s

′
i) . (2.19)

The sign of ∆j (n, s′′i , s
′
i) determines whether an action is considered as kind or unkind.

To determine the sign of ∆j (n, s′′i , s
′
i), player i needs to compare the offer of player j,

πi (n, s′′i , s
′
i), with a reference standard. FF use the payoff πj (n, s′′i , s

′
i) as the reference

point for player i. Accordingly, if πi (n, s′′i , s
′
i) > πj (n, s′′i , s

′
i), then ∆j > 0, because

player i believes that j wants to give him more than j wants for himself, i.e. i perceives

j to be kind. However, if πi (n, s′′i , s
′
i) < πj (n, s′′i , s

′
i), then ∆j < 0, because player i

believes that j claims more for himself than he is willing to leave for i, i.e. i perceives

j to be unkind. Note that kindness of j increases, ceteris paribus, as the offers to i

increase. That is, player i perceives player j as very kind (or unkind) if the difference

between both payoffs is very large.

In FF’s theory, the intentions of a player are also important to determine the kindness

of his action. It is assumed that a player i takes into account j’s alternatives in order to

evaluate the intention of a particular action of j. For this purpose, FF define Πi (n, s′′i )

as the set of all payoff combinations for given strategies and beliefs in a node n. It is

given by

Πi (n, s′′i ) :=
{(

πi

(
n, s′′i , s

p
j

)
, πj

(
n, s′′i , s

p
j

))
|sp

j ∈ Sp
j

}
, (2.20)

where Sp
j be the set of pure strategies of j. Notice that Πi (n, s′′i ) is determined from

9Note that s′i = b1

i and s′′i = b2

i , if we use GPS’s notation, or s′i = bij and s′′i = ciji, if we use the
notation of RA and DK.
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player i’s perspective. This means, it contains all payoff combinations that player i

believes that player j can induce by choosing a pure strategy sp
j in node n given his

second-order beliefs s′′i .

Moreover, FF define πo
i = πi (n, s′′i , s

′
i) and πo

j = πj (n, s′′i , s
′
i) as the payoffs that deter-

mine the outcome term ∆j (n, s′′i , s
′
i). The intentions of a player j are represented by

the intention factor vj. It is given by

vj (n, s′′i , s
′
i) =






1 if πo
i ≥ πo

j and ∃π̃i ∈ Πi (n, s′′i ) with π̃i < πo
i ,

εi if πo
i ≥ πo

j and ∀π̃i ∈ Πi (n, s′′i ), π̃i ≥ πo
i ,

1 if πo
i < πo

j and ∃π̃i ∈ Πi (n, s′′i ) with π̃i > πo
i ,

εi if πo
i < πo

j and ∀π̃i ∈ Πi (n, s′′i ), π̃i ≤ πo
i ,

(2.21)

where εi (0 ≤ εi ≤ 1) is an individual parameter measuring player i’s concern for an

equitable outcome. That is, FF’s model incorporates both intentions and distributional

concerns.

Player i perceives an action of player j as fully intentional, i.e. the term vj equals 1,

if player j gives more (less) to player i than to himself, i.e. πo
i ≥ πo

j

(
πo

i ≤ πo
j

)
, and

player j could have given player i less (more), i.e. π̃i < πo
i (π̃i > πo

i ). By contrast,

player i perceives an action of player j not as fully intentional, i.e. the term vj equals

εi, if player j gives more (less) to player i than to himself, i.e. πo
i ≥ πo

j

(
πo

i < πo
j

)
, but

player j could have given even more (less) to player i, i.e. π̃i ≥ πo
i (π̃i ≤ πo

i ).

Given the outcome term ∆j and the intention factor vj, FF define the kindness term

ϕ describing player i’s beliefs about how kind player j is to him at node n as follows

ϕj (n, s′′i , s
′
i) = v (n, s′′i , s

′
i) · ∆j (n, s′′i , s

′
i) . (2.22)

The sign of ∆j (n, s′′i , s
′
i) determines whether an action is considered to be kind (ϕj > 0)

or unkind (ϕj < 0).

We now turn to the formalization of reciprocation. For this reason, let us fix an end

node f that follows node n (directly or indirectly). Let ν(n, f) denote the unique node

that directly follows node n on the path that leads from n to f . Moreover, let n1 and

n2 be nodes. If node n2 follows node n1 (directly or indirectly), FF denote this by

n1 → n2.

FF are now able to define the reciprocation term σi describing how kind player i is to
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player j in node n as follows

σi (n, f, s′′i , s
′
i) = πj (ν(n, f), s′′i , s

′
i) − πj (n, s′′i , s

′
i) . (2.23)

The reciprocation term expresses the response to the experienced kindness, i.e., it

measures how much i alters the payoff of j with his move in node n. Given i’s belief

about j’s expectations about her payoff in node n (i.e., given πj (n, s′′i , s
′
i)), i can choose

an action in node n. FF represent the reciprocal impact of this action as the alteration

of j’s payoff from πj (n, s′′i , s
′
i) to πj (ν(n, f), s′′i , s

′
i) (always from i’s perspective). For

a given πj (n, s′′i , s
′
i), i can thus either choose to reward or to punish j. A rewarding

action implies a positive, whereas a punishment implies a negative reciprocation term.

According to FF, the preferences incorporating reciprocity can be represented by

Ui (f, s′′i , s
′
i) = πi(f) + ρi ·

∑

n→f

ϕj (n, s′′i , s
′
i) · σi (n, f, s′′i , s

′
i) (2.24)

where n → f is the set of nodes n that precede f (either directly or indirectly).

The utility function consists of two parts. The first part, πi(f), is simply player i’s

material payoff. The second part measures the utility from reciprocity, represented by

ϕj (n, s′′i , s
′
i) · σi (n, f, s′′i , s

′
i), in a particular node. If the kindness term in a particular

node is greater (smaller) than zero, player i can, ceteris paribus, increase his utility if

he chooses an action in that node which increases (decreases) j’s payoff. Since kindness

is measured in each node where i has the move, the overall reciprocity utility is the

sum of the reciprocity utility in all nodes (before the considered end node). Finally, ρi

(ρi ≥ 0) is an individual parameter which captures the strength of player i’s reciprocal

preferences.

FF use the equilibrium concept for psychological games developed by GPS (see sub-

section 2.3.1) as the solution concept for their game. In a reciprocity equilibrium, each

player i chooses a strategy which maximizes his utility function given his first-order

and second-order beliefs. In equilibrium, both players’ beliefs have to be correct, i.e.,

si = s′j = s′′i for i = 1, 2 and j 6= i.
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2.3.5 Comparison and Discussion of the Three Approaches

All three theories have in common that they can explain much of the experimental

evidence.10 For example, all theories predict the rejection of unequal offers in the ulti-

matum game, rewards for generous behavior in the gift-exchange game or conditional

cooperation in the prisoners’ dilemma. A general drawback of all three approaches

is that the equilibrium analysis is complex because of the use of psychological game

theory.

The models of RA, DK and FF differ in many respects. The main differences are

summarized in the following table:

RA DK FF

number of players two arbitrary arbitrary
game form normal form normal and normal and

extensive form extensive form
reference point average of the lowest average of the lowest payoff of

and highest payoffs and highest payoffs other players
efficient strategies belief-dependent belief-independent -
updating of beliefs no yes no
fairness motives reciprocity reciprocity reciprocity and

inequity aversion

In the following, we will discuss these differences in more detail.

1. Number of Players and Game Form:

A limitation of RA’s theory is that his approach can only be applied to two-player

normal form games, whereas the theories of DK and FF allow for more than two

players and games in extensive form.

2. Reference Point and Efficient Strategies:

All three models differ in the choice of the reference point, which is crucial for the

evaluation of kindness. FF, for example, measure kindness as the difference between

a player’s payoff and the payoff of other players. By contrast, RA and DK measure

kindness as the difference between the intended payoff for a player and the equitable

payoff. Roughly speaking, the equitable payoff is the average of the worst and best

payoff a player can choose for another player. RA and DK introduce efficient strategies

10For a comprehensive survey, see Fehr and Schmidt (2006).

33



Chapter 2. The Theoretical Concepts of Fairness Preferences

to define the equitable payoff. RA’s definition of an efficient strategy depends on

players’ beliefs, whereas efficiency in DK’s theory is a belief-independent property.

One advantage of FF’s model is that their reference point captures the fact that the

kindness of a player towards another player is increasing in the differences between

both payoffs. In the model of RA and DK, such effects are not incorporated, as their

kindness functions do not depend on the payoffs of other players. However, the use of

efficients strategies guarantees, for example, that a person who refrains from choosing

an action that would have hurt everybody is not perceived as kind.

3. Updating of Beliefs:

In FF’s model, beliefs are not updated over time and only initial beliefs enter the utility

function, which simplifies the analysis greatly. By contrast, in DK’s model, beliefs are

updated as the game evolves and the updated beliefs enter the utility function, which

makes the analysis very complex. However, there is no empirical evidence so far as to

which approach is superior. Our tentative conclusion is that FF is superior to DK, as

both concepts lead to similar results in many experimental games.

4. Fairness Motives:

One characteristic of RA and DK is that their approaches only model reciprocity. By

contrast, FF’s theory combines reciprocity and distributional concerns, which makes

their theory more general than the models of RA and DK. It remains an open question

for future research to examine which approach is superior.

Since we want to analyze the consequences of intentions and reciprocal motives on

decision-making in committees separately from distributional motives, we choose the

approach of RA and DK rather than FF’s approach. We will use DK’s model in this

thesis, as we want to analyze voting games with more than two players and voting

games with a dynamic structure.
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Chapter 3

Reciprocity and Committees

3.1 Introduction

In this chapter, which is based on Hahn and Mühe (2007), we analyze how reciprocity

may affect decision-making in committees. In particular, we focus on committees where

members vote simultaneously on the implementation of a project. We distinguish be-

tween three kinds of projects. First, we consider projects that may be advantageous

to all agents. Second, we consider projects that may be disadvantageous to all agents.

Third, we focus on projects that may be advantageous to some agents, but disadvan-

tageous to at least one agent. We examine two decision-making rules, the unanimity

rule and the majority rule.

Although, to our knowledge, there are no applications of models with reciprocal pref-

erences to decision-making in the political process so far – with the notable exception

of Hahn (2007b), who analyzes a two-party model with reciprocal voters – it seems

plausible to assume that the voting behavior of committee members is not solely based

on material considerations, but also on psychological factors. Committee members

may be grateful to those who have supported proposals they want to see adopted.1

On the other hand, committee members may wish to retaliate if other members have

voted against a project they would have liked to see implemented, and they will then

obstruct proposals advocated by those members.

There is also a large range of current literature on committee-decision-making. Its

focus is on the optimal size, composition, and decision rules of committees if, for

1Moreover, if incumbent members nominate new members, these new members may feel gratitude.
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example, committee members vote strategically, information acquisition is costly,2 there

are conflicting interests, or if there is pre-vote communication.3

We show that any voting behavior that constitutes an equilibrium without reciprocity

also represents an equilibrium when people are reciprocally motivated. If reciprocal

motives are important, additional equilibria may exist where a majority suffers material

losses and overall utility is lowered. We also argue that reciprocity is only likely to have

an effect on small committees. In addition, we discuss various mechanisms – such as

incentive contracts, for example – that may make the existence of additional equilibria

less likely.

This chapter is organized as follows: In section 3.2 we present our basic model. Then,

as a benchmark case, we derive the solution to our model without reciprocity (section

3.3). In section 3.4 we present the concept of reciprocity applied in this chapter. The

kindness of players is derived in section 3.5. In section 3.6 we highlight general results

holding for both decision rules. Then, we analyze the model using the unanimity rule

in section 3.7. In the subsequent section we consider the majority rule. We discuss the

equilibria identified in the preceding sections in section 3.9. Section 3.10 concludes.

3.2 The Basic Model

Assume that there are N (N > 1) agents who have to decide whether or not to

implement a project. We use Pi to denote the material payoffs of agent i if the project

is adopted. Without loss of generality, the status quo implies zero material payoffs for

all agents. We assume Pi 6= 0 for all agents, i.e. no agent is completely indifferent with

respect to the adoption of the project. In the following, we will refer to players with

Pi > 0 as “project winners” and to players with Pi < 0 as “project losers”. We use L to

denote the number of project losers and W to denote the number of project winners.

Additionally, we will use l to denote an arbitrary project loser and w to denote an

arbitrary project winner.

We distinguish between three cases. First, the project may be advantageous to all

agents (W = N and L = 0). Henceforth, we will label this scenario GP (good project).

2Gersbach (1995) provided an early contribution on information efficiency of committee decisions.
3For a survey of the main findings of this literature, see Gerling, Grüner, Kiel, and Schulte

(2005).
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Second, the project may be disadvantageous to all agents (W = 0 and L = N). This

case will be denoted by BP (bad project). Third, the project may be advantageous

to at least one agent, but disadvantageous to at least one agent (CP, project with

conflicting interests). Thus, for a CP project 0 < W < N and 0 < L < N holds.

We distinguish between two decision-making rules. First, we consider the unanimity

rule (UR), i.e., the project will be implemented if and only if all agents agree. Second,

we analyze the majority rule (MR), i.e., the project is implemented if a majority of

agents vote in favor of it. We will always assume that N is odd when we consider

the majority rule.4 Note that our analysis can be applied directly to the veto rule.

This can be obtained by considering the unanimity rule and relabeling “status quo”

“project” and vice versa. In all three scenarios, agents have two pure strategies. They

may either accept the project (A) or reject the project (R).

In voting games, multiple equilibria usually occur. Therefore we apply the following

tie-breaking rule:

Tie-Breaking Rule:

If an agent i is indifferent between both votes, then he will vote for the project iff Pi > 0.

In the following, we will label a Nash equilibrium that satisfies this tie-breaking rule

an equilibrium without reciprocity.

3.3 Equilibria Without Reciprocity

Let us first consider the case without reciprocity as a benchmark. In this case, a

player’s utility is simply given by his material payoffs. It is obvious that the following

proposition holds:

Proposition 3.1

Under UR, the following unique equilibrium without reciprocity exists: The project

winners choose A and the project losers choose R. For GP, the project is adopted and

each player i’s utility amounts to Pi. For CP and BP , the project is not adopted and

all players have utility 0.

4This assumption is not essential, but it simplifies our analysis because it eliminates the possibility
of a draw.
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Similarly, the following proposition holds for the second decision rule we are considering:

Proposition 3.2

Under MR, the following unique equilibrium without reciprocity exists: The project

winners choose A and the project losers choose R.

1. For L > W the project is not implemented. All players have utility 0.

2. For W > L the project is implemented. The utility of each player i amounts to

Pi.

As to the unanimity rule, it is obvious that the GP is chosen because each player gets

a strictly positive payoff from the adoption of the project. By contrast, BP and CP

are rejected, as there are players who get a zero benefit if the project is not adopted.

As to BP and GP , the outcome of the vote under the majority rule is the same as the

one under the unanimity rule. Concerning CP however, the majority rule entails that

the project is adopted if and only if there is a majority of people who benefit from it,

because such people get a strictly positive payoff, while others get a strictly negative

one. Otherwise, the CP is not adopted and everybody receives a zero payoff.

3.4 Reciprocal Preferences

Now that we have described the case without reciprocity, we introduce reciprocity into

our model. As mentioned in the introduction, we now assume that the utility of the

individuals depends not only on material payoffs, but also on the kindness of players’

intentions. In this chapter, we are using the concept developed by DK, as presented

in section 2.3.3. However, we introduce two minor changes, which do not affect the

characteristics of the equilibria we derive.

In the following, we briefly explain how DK’s concept of reciprocity is incorporated into

our model. First, we introduce some notation for the players’ strategies and beliefs.

Second, we determine the efficient strategies for GP , BP and CP , which are crucial

to the calculation of equitable payoffs and kindness functions. Thereafter, we explain

the modifications. Finally, we present the modified utility function that we use in the

following sections. However, before we start our explanations, we need to note that the

updating mechanism discussed in section 2.3.3 plays no role in this chapter, because
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the voting game considered here is static, and updating is only necessary for dynamic

games.

The strategy chosen by player i is denoted by ai ∈ {A, R}. The material payoffs for

player i are given by πi : {A, R}N → {0, Pi}. bij ∈ {A, R} (j 6= i) is defined as the

beliefs of player i about player j’s choice.5 Moreover, cijk ∈ {A, R} (k 6= j, j 6= i)

denote the second-order beliefs, i.e. the beliefs of player i about what player j believes

player k’s strategy is.

In order to calculate the equitable payoffs, we have to find the efficient strategies for

each case. Let us introduce ¬ai as follows: ¬ai = A for ai = R and ¬ai = R for

ai = A, i.e. ¬ai is the strategy that is not ai. Let us recall the definition of an

inefficient strategy:

Definition 3.1

ai ∈ {A, R} is an inefficient strategy if

πk

(
¬ai, (aj)j 6=i

)
≥ πk

(
ai, (aj)j 6=i

)

holds for all (aj)j 6=i ∈ {A, R}N−1 and k ∈ {1, ..., N} with strict inequality for at least

one ((aj)j 6=i, k) ∈ {A, R}N−1 × {1, ..., N}.

This definition is equivalent to Definition 2.3. A strategy ai is inefficient if ¬ai yields

weakly higher payoffs to all players for all choices of players j 6= i and strictly higher

payoffs to one player for one particular combination of choices of players j 6= i. A

strategy that is not inefficient is called efficient. We use Ei ⊆ {A, R} to denote the set

of all efficient strategies of player i.

It is obvious that the following lemma holds:

Lemma 3.1

Under both decision rules, the following statements hold:

• GP : A is an efficient strategy and R is an inefficient strategy.

• BP : R is an efficient strategy and A is an inefficient strategy.

• CP : Both A and R are efficient strategies.

5Because of our tie-breaking rule, there are no equilibria in mixed strategies. Thus, it is sufficient
to consider players’ beliefs about other players’ strategies that correspond to pure strategies.
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Thus, it will be crucial to distinguish between the CP case and the other cases, since

no inefficient strategy exists for CP , but inefficient strategies exist for BP and GP .

As mentioned at the beginning of this section, we introduce two minor changes that

do not affect the characteristics of the equilibria we derive.

Change A: RA argues that it is plausible, and has been verified in experiments, that

the importance of reciprocity is lower for higher payoffs. As a consequence, he nor-

malizes the kindness terms, so that they are decreasing for increasing payoff sizes. We

also apply this normalization. This does not have a qualitative effect on the equilib-

ria. However, for large project sizes |Pi|, the equilibria arising from concerns about

reciprocity cease to exist, which is a desirable feature from our viewpoint.

Following RA, we modify the kindness function κ̂ij

(
ai, (bik)k 6=i

)
that describes how

kind player i is to player j. For this purpose, we have to introduce πmini

j

(
(bik)k 6=i

)
,

which denotes the worst possible payoff for player j that i can achieve. Formally, it is

given by

πmini

j

(
(bik)k 6=i

)
:= min

ai∈{A,R}
πj

(
ai, (bik)k 6=i

)
. (3.1)

The redefined kindness function is given by

κij

(
ai, (bik)k 6=i

)
=






πj(ai,(bik)k 6=i)−π
ei
j ((bik)k 6=i)

π
hi
j ((bik)k 6=i)−π

mini
j ((bik)k 6=i)

if πhi

j

(
(bik)k 6=i

)
> πmini

j

(
(bik)k 6=i

)

0 if πhi

j

(
(bik)k 6=i

)
= πmini

j

(
(bik)k 6=i

)
.

(3.2)

Analogously, we modify the kindness function λ̂iji

(
bij, (cijk)k 6=j

)
, which represents

player i’s beliefs about how kind player j is to him. The redefined kindness function is

given by

λiji

(
bij, (cijk)k 6=j

)

=






πi

“

bij ,(cijk)
k 6=j

”

−π
ej
i

“

(cijk)
k 6=j

”

π
hj
i

“

(cijk)
k 6=j

”

−π
minj
i

“

(cijk)
k 6=j

” if π
hj

i

(
(cijk)k 6=j

)
> π

minj

i

(
(cijk)k 6=j

)

0 if π
hj

i

(
(cijk)k 6=j

)
= π

minj

i

(
(cijk)k 6=j

)
.

(3.3)

Change B: RA argues that it is implausible that retaliation can completely make up

for the psychological losses incurred from being treated badly. Consequently, he adds

a term to the utility function to capture this motivational element. DK neglect this

term to make the model more simple. For their purposes, this is irrelevant, as this

term is only a constant when players choose their actions and thus does not affect
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decision-making. However, we want to compare utility for different equilibria. As this

cross-equilibria comparison is affected by the additional term, we reintroduce it. We

substitute
(
1 + κij

(
ai, (bik)k 6=i

))
for κ̂ij

(
ai, (bik)k 6=i

)
in the utility function.

The preferences incorporating reciprocity can be now represented by

Ui

(
ai,

(
bij, (cijk)k 6=j

)

j 6=i

)

:=πi

(
ai, (bij)j 6=i

)
+

∑

j∈{1,...,N}\{i}

Yij · λiji

(
bij, (cijk)k 6=j

)
·
[
1 + κij

(
ai, (bik)k 6=i

)]
.

(3.4)

In this chapter, we will identify reciprocity equilibria in line with Definition 2.4, where

Ûi

(
ai,

(
bij, (cijk)k 6=j

)

j 6=i

)
has to be replaced by Ui

(
ai,

(
bij, (cijk)k 6=j

)

j 6=i

)
. In the

following, we simplify our analysis by assuming Yij = 1 for all players i and j. We will

use the term equilibrium under reciprocity for a reciprocity equilibrium that satisfies

our tie-breaking rule.

3.5 Derivation of Kindness Terms

In order to compute the equilibria under reciprocity, we have to compute the respective

expressions for κij and λiji. Note that we consider a player i, pivotal for given votes

(ak)k 6=i of the other players if his vote affects the outcome of the voting. The following

lemma gives the kindness functions for non-pivotal players.

Lemma 3.2

Consider a strategy profile a∗ ∈ {A, R}N with a non-pivotal player i. Then ∀j 6= i

κij

(
ai, (bik)k 6=i

)
= 0 ∀ai ∈ {A, R}, j 6= i, (3.5)

λjij

(
bji, (cjik)k 6=i

)
= 0 ∀j 6= i (3.6)

for beliefs (bik)k 6=i = (a∗
k)k 6=i, bji = a∗

i , and (cjik)k 6=i = (a∗
k)k 6=i.

The proof is given in Appendix A.

Lemma 3.2 implies an important observation. The choice of an agent may only be

perceived as kind or unkind if the agent is pivotal. If a vote does not affect the

outcome, then the respective kindness function amounts to zero, irrespective of the

player’s vote.
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The corollary we obtain is that every non-pivotal player i is indifferent between voting

for A and voting for R. This can be seen as follows. A non-pivotal player i cannot

affect his material payoffs, given (a∗
k)k 6=i. According to Lemma 3.2, κij

(
ai, (bik)k 6=i

)
= 0

∀ai ∈ {A, R}, j 6= i if (bik)k 6=i = (a∗
k)k 6=i. Moreover, we note that for all players j 6= i,

λiji

(
bij, (cijk)k 6=j

)
does not depend on ai. Hence ai does not affect player i’s utility

(see equation (2.12)). Thus a non-pivotal player will vote according to our tie-breaking

rule.

Example: Let us illustrate Lemma 3.2 and some of the subsequent findings. In our

example, we will always consider N = 2, UR and BP with P1 = P2 = −C < 0. Now

consider the strategy profile a∗ = (R, R). Player 1 is not pivotal and π2(a1 = A, R) = 0

and π2(a1 = R, R) = 0. Thus πmin1

2 (b12 = R) = πh1

2 (b12 = R) = 0. According to

definition (3.2), κ12 (a1, b12 = R) = 0 ∀a1 ∈ {A, R}. Analogously, one can show that

λ121 (b12 = R, c121 = R) = 0.

We call player i’s vote ai harmful to player j, given the votes of the other players

(ak)k 6=i if πj(ai, (ak)k 6=i) < πj(¬ai, (ak)k 6=i). Similarly, ai is beneficial to j, given (ak)k 6=i

if πj(ai, (ak)k 6=i) > πj(¬ai, (ak)k 6=i). If player i is pivotal, then ai is beneficial or harmful

to every other player. By contrast, if player i is not pivotal, his vote is neither beneficial

nor harmful to every other player.

The following lemma describes the kindness terms that occur for pivotal players and

CP:

Lemma 3.3

Consider CP and a strategy profile a∗ ∈ {A, R}N with a pivotal player i. Then ∀j 6= i

κij

(
ai, (bik)k 6=i

)
=

{
+1/2 if i’s vote ai is beneficial to j, given (a∗

k)k 6=i

−1/2 if i’s vote ai is harmful to j, given (a∗
k)k 6=i

λjij

(
bji, (cjik)k 6=i

)
=

{
+1/2 if a∗

i is beneficial to j, given (a∗
k)k 6=i

−1/2 if a∗
i is harmful to j, given (a∗

k)k 6=i

for beliefs (bik)k 6=i = (a∗
k)k 6=i, bji = a∗

i , and (cjik)k 6=i = (a∗
k)k 6=i.

The proof is given in Appendix A.

The lemma involves the plausible implication that a beneficial vote corresponds to a

positive kindness term, whereas a harmful vote entails a negative kindness term.
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The kindness terms with regard to pivotal players under GP and BP are determined

by the following lemma, proved in Appendix A.

Lemma 3.4

Consider GP or BP and a strategy profile a∗ ∈ {A, R}N with a pivotal player i. Then

∀j 6= i

κij

(
ai, (bik)k 6=i

)
=

{
0 if i’s vote ai is beneficial to j, given (a∗

k)k 6=i

−1 if i’s vote ai is harmful to j, given (a∗
k)k 6=i

λjij

(
bji, (cjik)k 6=i

)
=

{
0 if a∗

i is beneficial to i, given (a∗
k)k 6=i

−1 if a∗
i is harmful to i, given (a∗

k)k 6=i

for beliefs (bik)k 6=i = (a∗
k)k 6=i, bji = a∗

i , and (cjik)k 6=i = (a∗
k)k 6=i.

The kindness terms are different from those stated in Lemma 3.3, because for GP and

BP, a harmful vote always implies that an inefficient strategy is being played (compare

Lemma 3.1). Thus, a harmful vote is perceived as particularly unkind (−1) and a

beneficial vote is not considered kind (0). By contrast, for CP, any vote represents an

efficient strategy. Therefore a harmful vote is perceived as less unkind (−1/2) and a

beneficial vote is associated with a positive kindness (+1/2).

Example (continued): Recall that our example involves N = 2, UR and BP with

P1 = P2 = −C < 0. Now consider the strategy profile a∗ = (A, A), which implies that

both players are pivotal. We evaluate the kindness function κ12(a1, b12) at b12 = a∗
2 = A.

According to (2.13),

πh1

2 (b12) = π2(R, A) = 0.

Because E1 = {R}, we obtain

πl1
2 (b12) = π2(R, A) = 0

(see (2.14)). The equitable payoff is πe1

2 (b12) = 0 (see (2.15)). If 1 chooses the ineffi-

cient strategy A, this implies the lowest possible payoff to player 2, i.e.

πmin1

2 (b12) = π2(A, A) = −C < 0.

Using (3.2), we obtain κ12 (a1 = A, b12) = −1 and κ12 (a1 = R, b12) = 0 for b12 = a∗
2 =

A. Analogously, one can show that λ121 (b12, c121) = −1 for b12 = c121 = A. These

findings are in line with Lemma 3.4.
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3.6 General Results

In this section, we present general findings for reciprocally motivated agents. We obtain

the following result:

Proposition 3.3

Each equilibrium without reciprocity a∗ ∈ {A, R}N also represents an equilibrium

under reciprocity.

Henceforth, we will refer to these equilibria as “standard equilibria.” The intuition

for the proposition is that non-pivotal players’ decisions are not affected by reciprocal

motives, which is in accordance with Lemma 3.2. Moreover, they are not perceived as

kind or unkind by other players and thus do not affect the decisions of other players.

All pivotal players always have aligned interests in a standard equilibrium. Thus, each

pivotal player perceives the other pivotal players as kind, which further strengthens

the incentives to choose the vote from the equilibrium without reciprocity, because

this vote helps the other pivotal players in addition to maximizing one’s own material

payoffs. A detailed proof is given in Appendix A.

Example (continued): We now show that a∗ = (R, R), which is an equilibrium without

reciprocity, represents an equilibrium under reciprocity. Recall that λ121(b12 = R, c121 =

R) = 0 and κ12 (a1, b12 = R) = 0 ∀a1 ∈ {A, R}. Hence, the overall utility of player 1

is given by

U1 (a1, b12 = R, c121 = R) = π1 (a1, R) + λ121 (R, R) [1 + κ12 (a1, R)] = 0

irrespective of player 1’s choice a1. Thus, by the tie-breaking rule, 1 chooses R. The

same is true for player 2. Hence, the strategy profile (R, R) constitutes an equilibrium

under reciprocity, which is in accordance with Proposition 3.3.

The standard equilibria usually imply that all players are neither kind nor unkind.

There are only two exceptions. First, under MR and W = L + 1 or L = W + 1,

all pivotal players are kind towards each other in a standard equilibrium, while the

other players suffer from being treated in an unkind manner and from their inability

to retaliate. Second, under UR and L = 1, the standard equilibrium implies that all

project winners feel treated in an unkind manner by the single project loser.6

6For GP and BP, standard equilibria never involve players perceiving each other as kind, because
all players play the only efficient strategy. This observation is in line with Lemma 3.4.
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Henceforth, we will refer to all equilibria under reciprocity that are not “standard

equilibria” as “additional equilibria”. It will be useful to introduce the term “bare

majority” under the majority rule. A strategy profile a∗ ∈ {A, R}N involves a bare

majority for A (R) under the majority rule, if (N + 1)/2 agents vote for A (R) and

(N−1)/2 vote for R (A). Obviously, a∗ involves pivotal players if and only if it involves

a bare majority for A or R. The next proposition characterizes all possible additional

equilibria.

Proposition 3.4

Suppose that a∗ ∈ {A, R}N is an additional equilibrium, i.e. an equilibrium under

reciprocity that does not constitute an equilibrium without reciprocity.

• Then a∗
i = A ∀i ∈ {1, ..., N} under UR.

• Then a∗ involves a bare majority under MR.

Proof

First we show that in each additional equilibrium, at least one player is pivotal. Assume

the contrary, i.e. that no player is pivotal. Then, according to Lemma 3.2 and the

discussion following it, the choices of agents would be dictated by our tie-breaking rule.

This would imply that all agents behave as in the standard equilibrium, which leads

to a contradiction. As a consequence, in any additional equilibrium, there must be at

least one pivotal agent.

Under MR, this implies that every additional equilibrium involves a bare majority. For

all other constellations, no pivotal agent exists.

Under UR, two constellations exist where at least one agent is pivotal. First, all agents

may vote for A, which implies that all agents are pivotal. This is the case mentioned

in the proposition. Second, there may be exactly one R vote. This implies that the

player with the R vote is pivotal, while all other players are not. The players with

the A votes are indifferent between A and R because they cannot affect the outcome

of the voting and their votes do not affect their kindness towards other players and

hence their psychological payoffs (cf. Lemma 3.2). Accordingly, their choice is dictated

by the tie-breaking rule. Now let us denote the player with the R vote as player i.

Because of Lemma 3.2, λiji = 0 for all players j 6= i. Intuitively, as all the other

players cannot affect the outcome of the vote, they are perceived as neither kind nor
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unkind by player i. Thus for bij = a∗
j ∀j 6= i, cijk = a∗

k ∀j 6= i, k 6= j we obtain

Ui

(
ai,

(
bij, (cijk)k 6=j

)

j 6=i

)
= πi

(
ai, (bij)j 6=i

)
∀ai ∈ {A, R}. As a consequence, player i

will vote for the option that maximizes his material payoffs. Hence, such an equilibrium

would involve the same votes as the equilibrium without reciprocity. We can conclude

that all additional equilibria under UR imply that all agents will vote for A.

2

3.7 The Unanimity Rule

In line with Proposition 3.4, any additional equilibrium under the unanimity rule im-

plies that all players vote unanimously for A. However, further conditions have to be

fulfilled for the existence of such additional equilibria.

The following proposition states the conditions under which additional equilibria may

occur:

Proposition 3.5

Consider UR, BP, and a strategy profile a∗ ∈ {A, R}N . Then the following two state-

ments are equivalent:

1. a∗ represents an additional equilibrium.

2. (i) a∗
i = A ∀i = 1, . . . , N and (ii) Pi ≥ −(N − 1) ∀i = 1, . . . , N .

In an additional equilibrium, the players’ utility amounts to Ui = Pi < 0.

The proof is given in Appendix A.

The existence of the equilibrium in the BP case is surprising, because one might wonder

why players would accept a project that is detrimental to all of them, even though each

player could easily veto the project. The reason is that each player believes that all

other players are playing A. This leads each player to the conclusion that all other

players are lowering their own payoff in order to hurt him. Each player will therefore

feel hostility towards the other players and will wish to retaliate by accepting the
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project.7

This equilibrium only exists if the size of the project is not too large, i.e., if |Pi|
(∀i = 1, . . . , N) is sufficiently small. If |Pi| is large, then reciprocal motives become

less important and players would prefer to reject the project even if the other players

accepted it.

Example (continued): In order to illustrate Proposition 3.5, we consider the strat-

egy profile a∗ = (A, A). Recall that λ121(A, A) = −1, κ12 (a1 = A, A) = −1 and

κ12 (a1 = R, A) = 0. The overall utility of player 1 is given by

U1 (a1, b12 = A, c121 = A) = π1 (a1, A) + λ121 (A, A) [1 + κ12 (a1, A)]

= π1(a1, A) − 1 − κ12(a1, A).

We obtain U1 (a1, A, A) = −C for a1 = A and U1 (a1, A, A) = −1 for a1 = R. Com-

paring both utilities yields that choosing a1 = A is profitable for player 1 if −C ≥ −1.

Obviously, the same is true for player 2. Thus, if −C ≥ −1, the strategy profile

a∗ = (A, A) constitutes an additional equilibrium under reciprocity. −C ≥ −1 is a

special case of the more general condition Pi ≥ −(N − 1) mentioned in Proposition

3.5.

In Appendix A, we show the following proposition:

Proposition 3.6

Consider UR, CP, and a strategy profile a∗ ∈ {A, R}N . Then the following two state-

ments are equivalent:

1. a∗ is an additional equilibrium.

2. (i) a∗
i = A ∀i = 1, ..., N and (ii) Pl ≥ −1

2
((L − 1) − W ) for all project losers and

(iii) Pw ≥ 1
2
(L − (W − 1)) for all project winners.

In an additional equilibrium, the utility of the project losers is Ul = Pl− 1
4
(L − 1)− 3

4
W .

The utility of the project winners is Uw = Pw + 1
4
L + 3

4
(W − 1).

Under UR and CP, an additional equilibrium exists only if Pl ≥ −1
2
((L − 1) − W ).

This condition can only be fulfilled if −1
2
((L − 1) − W ) is negative and accordingly

7Note that, in the BP case, A is an inefficient strategy (A may hurt all players), therefore the
respective kindness functions of all players amount to −1. By choosing A, each player can fully offset
the psychological disutility resulting from the unkindness of all the others. Thus, the psychological
payoffs of each player amounts to zero.
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there are sufficiently many project losers, i.e. if L > W + 1. Hence, in an additional

equilibrium under UR and CP, a majority of players – i.e. all project losers – suffer

material and psychological losses compared to the standard equilibrium.

Why does a∗ with a∗
i = A ∀i ∈ {1, ..., N} not represent an additional equilibrium for

L < W + 1? The intuition runs as follows: Suppose that this equilibrium exists for

L < W + 1 and consider a particular project loser. This project loser perceives all

other players as unkind and wishes to retaliate upon all other players. Because the

project winners represent the majority, it is optimal to choose R, which is harmful to

the project winners, instead of A, which would be beneficial to them. Consequently,

the additional equilibrium does not exist for L < W + 1.

The GP case under the unanimity rule is discussed in the following proposition:

Proposition 3.7

Consider UR and GP. Then no additional equilibria exist.

The proposition follows directly from Proposition 3.4. An additional equilibrium would

involve all players accepting the project. However, this is precisely the behavior en-

countered in the standard equilibrium.

3.8 The Majority Rule

We now turn to the majority rule and characterize the conditions under which addi-

tional equilibria may exist. In Appendix A, we show that the following proposition

holds:

Proposition 3.8

Consider MR, BP, and a strategy profile a∗ ∈ {A, R}N . Then the following two state-

ments are equivalent:

1. a∗ is an additional equilibrium.

2. (i) a∗ involves a bare majority for A and (ii) Pi ≥ −N−1
2

for all players with

a∗
i = A.

In an additional equilibrium, the utility of the players with a∗
i = A is Pi. The utility

of the players with a∗
j = R is Uj = Pj − N+1

2
.
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Interestingly, in the BP case, we obtain an additional equilibrium where (N + 1)/2

agents accept the project (if the material losses are sufficiently small). The intuition

is that each of them accepts the project because they assume that the other pivotal

players are unkind and will also accept the project. If their material losses are large,

material concerns outweigh the concern for reciprocity, and this equilibrium ceases to

exist.8

Proposition 3.9

Consider MR and GP, and a strategy profile a∗ ∈ {A, R}N . Then the following two

statements are equivalent:

1. a∗ is an additional equilibrium.

2. (i) a∗ involves a bare majority for R and (ii) Pi ≤ N−1
2

for all players with a∗
i = R.

In an additional equilibrium, the utility of the players with a∗
i = R is zero. The utility

of the players with a∗
j = A is −N+1

2
.

The proof of Proposition 3.9 is almost identical to the proof of Proposition 3.8 and is

therefore omitted.

We obtain an additional equilibrium under MR and GP, where (N +1)/2 agents reject

the project. The intuition is that each of them rejects the project because they assume

that the other pivotal players are unkind and will also reject the project. Again, if the

payoffs for the pivotal agents are sufficiently large, this equilibrium does not exist.

For the CP case, we obtain

Proposition 3.10

Consider MR, CP, L > W , and a strategy profile a∗ ∈ {A, R}N . Then the following

two statements are equivalent:

1. a∗ is an additional equilibrium.

2. (i) a∗ involves a bare majority for A and (ii) all players with a∗
i = R are project

losers and (iii) Pw ≥ 1
4
(L − 3W + 3) for all project winners w with a∗

i = A and

(iv) Pl ≥ 1
4
(3W + 1 − L) for all project losers l with a∗

i = A.

8Note that the utility of the pivotal agents amounts to their material payoffs Pi. This is because
the utility gain due to their revenge fully compensates for the utility losses arising from the expected
unkind behavior of the other pivotal players. The utility of the non-pivotal players is lower than their
material payoffs because they suffer from being treated unkindly and cannot retaliate.
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Consider MR, CP, L < W , and a strategy profile a∗ ∈ {A, R}N . Then the following

two statements are equivalent:

1. a∗ is an additional equilibrium.

2. (i) a∗ involves a bare majority for R and (ii) all players with a∗
i = A are project

winners and (iii) Pw ≤ −1
4
(3L + 1 − W ) for all project winners w with a∗

i = R

and (iv) Pl ≤ −1
4
(W − 3L + 3) for all project losers l with a∗

i = R.

Proposition 3.10 describes the conditions under which additional equilibria may exist

under MR and CP. For example, consider the case L > W . Equilibria may exist where

the project is adopted, although some of the pivotal agents are project losers. The

reason is that some of the pivotal project losers may only accept the project because

they expect other pivotal project losers to be unkind and to accept the project.

However, this equilibrium only exists if the material losses of the pivotal project losers

are relatively small, |Pl| ≤ 1
4
(L − 3W − 1). Interestingly, this can only be fulfilled if

3W + 1−L < 0 or equivalently L > 1
4
(3N + 1). Because the project is adopted in the

additional equilibrium, all project losers – representing more than 75% of all players –

have lower material payoffs compared to the standard equilibrium. They also have

lower psychological payoffs because they feel treated unkindly by all players accepting

the project, i.e. the pivotal players.

3.9 Discussion of Additional Equilibria

We have characterized all additional equilibria in Propositions 3.5-3.10. These addi-

tional equilibria entail the following proposition:

Proposition 3.11

In any additional equilibrium, a majority of committee members will have strictly lower

material payoffs, weakly lower psychological payoffs, and strictly lower overall utility

than under a standard equilibrium.

For example, under the majority rule, more than 75% of all players suffer material and

psychological losses in an additional equilibrium over and against a standard equilib-

rium. An extreme case is that of bad projects under the unanimity rule. Under this
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scenario, additional equilibria imply an outcome that is harmful to all players with

respect to both material payoffs and overall utility.

To some extent, this result is related to RA, who finds that for any two-player game,

his concept yields equilibria that imply that none of the players are kind. However, we

apply the concept of DK, who show that in their model, no such gloomy implication

can be derived. In our model of committee decision-making, the outcome seems to

be pessimistic again. The equilibria played either correspond to equilibria without

reciprocity or imply that a majority of committee members are worse off with regard

to psychological payoffs, material payoffs and overall utility.

Despite yielding weakly negative psychological payoffs for a majority of players, the

additional equilibria may nevertheless imply positive psychological payoffs for some

players. For UR, CP and L < W , project losers have higher material payoffs for

additional equilibria, because the project is not adopted. They also have higher psy-

chological payoffs compared to standard equilibria, since they perceive all other pivotal

players as kind. However, these players are seen as unkind by a large majority of

players, i.e. all project winners.

3.10 Conclusions

This chapter has produced two major insights. First, we have shown that any strategy

profile constituting an equilibrium without reciprocity also represents an equilibrium

under reciprocity (standard equilibria).

Second, we have shown that if reciprocal motives are important, additional equilibria

may exist. In all of these equilibria, a majority of committee members has lower mate-

rial payoffs compared to the standard equilibria. In addition, these players also incur

weakly negative psychological payoffs. As a consequence, a majority of players have

lower overall utility in the additional equilibria compared to the standard equilibria.

Our results are based on the assumption that each committee member is reciprocally

motivated. Relaxing this assumption, i.e., assuming that there may be agents who

are solely self-interested, can lead to the non-existence of additional equilibria. For

example, consider BP and UR. The equilibrium where all agents accept the project as

revenge for the expected unkind behavior of the others ceases to exist if there is at least
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one egoistic agent. While many people display reciprocal behavior, it is plausible and

has been verified in experiments that some people act purely egoistically.9 This makes

it very likely that in larger committees, there will be some purely selfish individuals.

These would guarantee that no additional equilibria occur under the unanimity rule.

In addition, it is plausible that large committee sizes will reduce the reciprocal bonds

between individuals, because a large committee fosters anonymity. If the parameters

Yij decrease sufficiently strongly if the committee size increases, additional equilibria

become less likely. Accordingly, we have identified a new argument as to why larger

committee sizes may be desirable.10

One might wonder whether there are other mechanisms besides the enlargement of

committees, that are capable of eliminating the potentially negative effects of reci-

procity. A second theoretical alternative would be to find a mechanism increasing the

likelihood of the existence of egoists among the committee members. A third mecha-

nism might be incentive contracts.11 If policy-makers are only marginally affected by

the outcome of the project, reciprocal motives may override material motives. In this

case, incentive contracts may increase the material interests of the decision makers.

This, in turn, would hamper unkind behavior.

The reason why there are no equilibria in our model in which people help each other

(except in cases where agents’ motives are aligned and they would help each other any-

way, even without reciprocity), is that we only consider one period. If someone intends

to help someone else at his own expense, there is no way for the other person to recip-

rocate this kind behavior. However, in a dynamic version of our model, such equilibria

may occur. In chapter 4, we extend our model to show that in a dynamic setting,

“psychological logrolling equilibria” may exist where agents are willing to incur losses

to help other members perceived as friendly. For standard rational utility-maximizers,

explicit logrolling is time-inconsistent, so it is unclear why it should occur if only a

finite number of periods is considered. Thus reciprocity is a mechanism that might

explain logrolling.

9See Fehr and Gächter (1998) or Gächter and Falk (2001).
10Obviously, there are other arguments in favor or against larger committees. See the discussion

in Gerling, Grüner, Kiel, and Schulte (2005) about the advantages and drawbacks of large
committees.

11Incentive contracts for politicians have a variety of advantages. For example, Gersbach (2003)
has shown that incentive contracts can motivate short-term-oriented politicians to undertake long-
term socially beneficial projects. For a comprehensive survey of the virtues and drawbacks of incentive
contracts for politicians, see Gersbach (2005).
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Chapter 4

Reciprocity and Logrolling

4.1 Introduction

In this chapter, which is an extension of Hahn and Mühe (2007), we examine logrolling

in a dynamic voting game. In the literature, the word “logrolling” is used to describe

the fact that sometimes, legislative members are willing to accept projects that are

detrimental to themselves but beneficial to other representatives to get their support

for the adoption of another project they are interested in.1 Anecdotical and empirical

evidence indicates that logrolling occurs frequently in politics.2

A lot of research was done on logrolling. The main focus of this literature is on the

existence, efficiency and stability of logrolling.3 In particular, regarding the stability

of logrolling, Mueller (1967) and Riker and Brams (1973) have pointed out that

such arrangements would not be very stable in a dynamic voting game with definite

end. The main reason for the instability of logrolling is the fact that if the number of

possible logrolling situations is limited, then it is always profitable for the voters who

have already benefited from logrolling to break the logrolling agreement ex post. This

fact may make logrolling very difficult to implement. In principle, the instability of

1In the literature, two types of logrolling are discussed: explicit logrolling and implicit logrolling. If
there are separate votes on different issues and voters support each other, then this type of logrolling
is called explicit logrolling. However, if it is possible to combine different issues into a bundle and
hold a single vote on this bundle, one refers to this type of logrolling as implicit logrolling. In this
chapter, we focus on the first type of logrolling.

2See, for example, Mayhew (1966), Ferejohn (1974), Stratmann (1992), Stratmann (1995)
and Elvik (1995).

3See, for example, the important contributions of Buchanan and Tullock (1962), Mueller

(1967), Tullock (1970), Riker and Brams (1973), Schwartz (1975), Schwartz (1977) and Bern-

holz (1978). For a survey, see Miller (1977), Bernholz and Breyer (1994) or Mueller (2003).
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logrolling arrangements could be avoided if voters could make vote contracts in which

they commit themselves to logrolling. In reality, such contracts are illegal and therefore

not binding.

Another way to explain the existence of logrolling is to assume that voters could make

side-payments. If side-payments are possible, then project winners could buy the votes

of the project losers in each period. In reality, vote-buying is seen as an undemocratic

instrument and thus it is prohibited. Bernholz (1978) has shown that even in the

absence of vote contracts and side-payments, logrolling can still be the outcome of a

dynamic game if new logrolling situations can appear in the future. The reason is that

if the probability of a new logrolling situation is sufficiently high, then agents may have

no incentives to break today’s logrolling agreement, as they would risk to be excluded

from future logrolling agreements.

We show that “psychological logrolling equilibria” may exist where reciprocal agents

are willing to accept projects that are detrimental to themselves, but beneficial to

others.4 The intuition in this case runs as follows: Consider a two-period voting game

where two voters have to decide by unanimity rule whether to adopt a project in

each period. Suppose that one agent will benefit from the implementation of the first

project and suffer material losses if the second project is accepted, whereas the other

agent will suffer material losses if the first project is accepted and benefit from the

implementation of the second project. Moreover, suppose that the project winner of

the first vote believes that the other agent will vote against his material interests in

the first period. In this case the only way for him to reciprocate this kind behavior

is to vote for the project in the second period, which is detrimental to himself, but

beneficial to the other agent. Accordingly, if the project loser of the first vote believes

that the other agent will vote against his material payoffs in the second period, then

the only way for him to reciprocate this kind behavior is to vote in favor of the project

in the first period, which is detrimental to himself, but beneficial to the other agent.

Hence, logrolling may occur in equilibrium, because agents are willing to incur losses

to help other members perceived as friendly.

Interestingly, we show that logrolling will only occur if the players are not too recipro-

cal. If individuals are extremely reciprocal, these equilibria break down, as players do

4In chapter 6, we show that logrolling may also occur in equilibrium if we apply the inequity-
aversion concept developed by Fehr and Schmidt (1999).
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not accept gifts that involve costs for friendly players. If players are only marginally

influenced by reciprocal motives, logrolling equilibria also do not exist, as no player is

willing to incur costs in order to help the other player. Thus, logrolling can occur only

for intermediate degrees of reciprocity.

This chapter is organized as follows: In the next section we present our basic model. As

a benchmark case, we derive the solution for our model without reciprocity in section

4.3. In section 4.4 we introduce the reciprocal preferences. In the subsequent section

we present our findings when individuals are motivated by reciprocity. We discuss

possible extensions of our model in section 4.6. Section 4.7 concludes.

4.2 The Basic Model

We now present a model that can help us to explain why logrolling occurs frequently

in politics. Assume there is a committee comprising two agents (or parties), denoted

by i = 1, 2, who have to decide by unanimity rule whether or not to implement a

project in each period.5 The two-player assumption is made to simplify the calculations

and the analysis. In reality, there are many situations where more than two agents

have to decide on the adoption of projects, and the majority rule is used rather than

the unanimity rule. In section 4.6 we will discuss how the results would differ if we

considered a committee with more than two members and decisions were taken by

majority rule.

Furthermore, we assume that there are two periods, denoted by t = 1, 2. That is,

we examine a dynamic voting game. In each period, each agent can either accept the

project (A) or reject it (R). In the case of political parties, the two projects might be,

for example, structural reforms of the health care system or the abolition of subsidies.

Let vt
i ∈ {A, R} denote the choice of player i in period t.

We now present the material payoff structure of this voting game. Let πt
i denote the

material payoffs of player i in period t. In the first period, the payoffs of agent 1 are

5Another organizational form of decision-making that is broadly related to a committee requiring
unanimity are hierarchies. For example, Sah and Stiglitz (1988) study the effects of decision-making
in committees requiring unanimity and in centralized (hierarchical) organizations where a project is
evaluated by a higher level individual only if approved by the lower levels, and only those projects are
accepted by the organization which are accepted by the highest level.
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given by

π1
1 =

{
B > 0 if v1

1 = v1
2 = A

0 otherwise

and the payoffs of agent 2 are given by

π1
2 =

{
−C < 0 if v1

1 = v1
2 = A

0 otherwise.

Hence, agent 1 will be the project winner in t = 1, as he will receive positive material

payoffs if the project is implemented. By contrast, agent 2 is the project loser because

he incurs costs if the project is accepted.

In the second period, the payoffs of agent 1 are given by

π2
1 =

{
−C < 0 if v2

1 = v2
2 = A

0 otherwise

and the payoffs of agent 2 are given by

π2
2 =

{
B > 0 if v2

1 = v2
2 = A

0 otherwise.

In contrast to period t = 1, agent 2 will be the project winner in t = 2, because he will

receive positive material payoffs if the project is implemented and agent 1 will be the

project loser, because he will incur costs if the project is accepted.

In the following, we assume that B ≥ 3C. In particular, this implies that both agents

would prefer the implementation of both projects to the dismissal of both projects.

Furthermore, we suppose that both agents cannot write vote contracts. In principle,

there are two types of vote contracts: Vote contracts with side-payments and vote

contracts without side-payments.

First, suppose that vote contracts without side payments are possible. If vote contracts

without side-payments could be written, then both parties would make a contract where

they commit themselves to logrolling because logrolling is mutually beneficial. Second,

suppose that vote contracts with side-payments are possible. Then both parties can

make a contract where the project winner in each period agrees to compensate the

project loser by paying him slightly more than C if he votes in favor of the project.

Consequently, both agents would accept such a contract and hence, both projects would
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be implemented. In reality, however, both types of contracts are illegal and therefore

not binding. Hence, the basic friction of logrolling is that no enforceable contracts can

be written.

Finally, we present the solution concepts that we will use to solve the voting game. In

the case without reciprocity considered in section 4.3, we will look for subgame-perfect

Nash equilibria. In the case with reciprocity considered in section 4.5, we will identify

reciprocity equilibria in line with Definition 2.4 presented in section 2.3.3. To find

unique equilibria, we apply the following tie-breaking rule:

Tie-Breaking Rule (TR):

If an agent is indifferent between both votes, then he will vote in favor of (against) the

project if he is a project winner (loser).

4.3 Equilibrium Without Reciprocity

Let us first consider the case where agents are only self-interested. In this case, a

player’s utility is simply given by his material payoffs. Moreover, we assume that

individuals do not discount future payoffs. This assumption is not crucial, but simplifies

our analysis.

If agents are only self-interested, then the following proposition holds:

Proposition 4.1

The following strategies of players 1 and 2 represent the only subgame-perfect Nash

equilibrium that satisfies TR:

• In the first period, player 1 chooses A. In the second period, he chooses R,

irrespective of the outcome of the first period.

• In the first period, player 2 chooses R. In the second period, he chooses A,

irrespective of the outcome of the first period.

In equilibrium, neither of the projects is implemented and the utility of players 1 and

2 amounts to zero.

The proof is given in the Appendix B.
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Proposition 4.1 illustrates that self-interested individuals will never engage in logrolling.

The implementation of both projects cannot occur in equilibrium, as the promise of

player 1 to choose A in the second period if player 2 votes for the first project, is not

time-consistent and thus not credible. Why is the promise of player 1 not credible? Ex

post, it is always profitable for player 1 to vote against the project in period 2. Given

this fact, it is not profitable for player 2 to vote for the project that is disadvantageous

to himself either. Hence, logrolling cannot arise if voters are only motivated by their

own material interest.

4.4 Reciprocal Preferences

In this section, we assume that the utility of the individuals depends not only on the

material payoff, but also on their intentions and their perception of other individuals’

intentions. We use the concept of reciprocity developed by DK, described in detail in

chapter 2.3.3, to represent this type of preferences.6

Let us briefly explain how DK’s concept of reciprocity is incorporated into our model.

First, we introduce some notation for players’ strategies. Second, we illustrate DK’s

updating mechanism for beliefs, which is relevant for our model, as we consider a

dynamic game. Then, we explain how the equitable payoffs and the kindness functions

are calculated in our model. Finally, we present the utility function which we use in

the following section.

We use h = (v1
1, v

1
2) ∈ {A, R}2 to denote the history where player 1 has voted for

v1
1 ∈ {A, R} in the first period and player 2 has voted for v1

2 ∈ {A, R}. In addition, we

introduce Ah and Rh respectively for a player’s choice in the second period following

a particular history h ∈ {A, R}2. Player i’s strategy describes his action in the first

period and his actions in the second period, following all possible histories that can

occur in the first period. For example, ai = (A, RAA, RAR, RRA, RRR) is a particular

strategy of i. It means that player i chooses A in the first period. In the second period,

he chooses R for all histories that might have occurred in the first period.

We apply the following example to illustrate how DK’s updating mechanism for be-

liefs works in our model:7 Suppose that the initial first-order and second-order be-

6For the sake of simplicity, we omit the modifications applied in chapter 3.
7Because of our tie-breaking rule, there are no reciprocity equilibria in mixed strategies. Thus, it is
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liefs of players 1 and 2 are given by b12 = c212 = (A, RAA, RAR, RRA, RRR) and

b21 = c121 = (R, AAA, AAR, ARA, ARR) , respectively. Correspondingly, both players

have to update their beliefs in the second period. The updated beliefs in our example,

denoted by b12(h), b21(h), c121(h) and c212(h), for all possible histories that might have

occurred in the first period, i.e. for h = (A, A), h = (A, R), h = (R, A) and h = (R, R),

are given in the following table:

h b21(h) = c121(h) b12(h) = c212(h)

(A, A) (A, AAA, AAR, ARA, ARR) (A, RAA, RAR, RRA, RRR)
(A, R) (A, AAA, AAR, ARA, ARR) (R, RAA, RAR, RRA, RRR)
(R, A) (R, AAA, AAR, ARA, ARR) (A, RAA, RAR, RRA, RRR)
(R, R) (R, AAA, AAR, ARA, ARR) (R, RAA, RAR, RRA, RRR)

We now explain how the equitable payoffs are calculated in our model. In order to de-

termine the equitable payoff, it is crucial to distinguish between efficient and inefficient

strategies. As each project involves a conflict of interests, i.e. the adoption of a project

is beneficial to one player but harmful to the other player, no inefficient strategies exist

in our model. Thus, we can use the following expression of the equitable payoff:

πei

j

(
(bik(h))k 6=i

)
=

1

2

[
max
ai∈Si

πj

(
ai, (bik(h))k 6=i

)
+ min

ai∈Si

πj

(
ai, (bik(h))k 6=i

)]
, (4.1)

where Si denotes player i’s strategy set.

The kindness functions κ̂ij (ai(h), bij(h)) and λ̂iji (bij(h), ciji(h)) are calculated in ac-

cordance with equations (2.16) and (2.17) respectively, using the equitable payoff as

defined in (4.1). The overall utility of player i (compare equation (2.18)) in the two-

player case is given by

Ûi (ai(h), bij(h), ciji(h)) = πi (ai(h), bij(h))

+Yij · λ̂iji (bij(h), ciji(h)) · κ̂ij (ai(h), bij(h)) ,
(4.2)

for history h ∈ H where i = 1, 2 and j 6= i.

In the following, we assume that Yij = Yji = Y , that is, we suppose that both players

are equally strongly motivated by reciprocal concerns. We will discuss the implications

of this assumption in section 4.6.

sufficient to consider players’ beliefs about other players’ strategies that correspond to pure strategies.
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4.5 Equilibria With Reciprocity

In this section, we analyze the outcome of the voting game if individuals are reciprocally

motivated. We show that “psychological logrolling equilibria” may exist where agents

are willing to incur losses to help other members. Before we analyze under which

conditions such equilibria may occur, we now show that there may also exist reciprocity

equilibria where agents perceive each other as unfriendly and therefore logrolling will

not happen in equilibrium.

This case is discussed in the following proposition:

Proposition 4.2

For Y ≤ 2C
B2 , a∗

1 = (A, RAA, RAR, RRA, RRR) and a∗
2 = (R, AAA, AAR, ARA, ARR) repre-

sents a reciprocity equilibrium that satisfies TR. In equilibrium, neither of the projects

is implemented and the utility of player i (i = 1, 2) is given by Ûi = Y · 1
4
B2.

The proof of Proposition 4.2 is given in Appendix B.

Proposition 4.2 shows that there may exist equilibria under reciprocity where each

player perceives the other player as unfriendly and therefore wants to take revenge

by accepting only projects that are beneficial to himself but detrimental to the other

player, who is perceived as unfriendly. The intuition for this result runs as follows:

Suppose that player 1 believes that player 2 will vote against the project in the first

period, which is beneficial for him. Then the only way for player 1 to reciprocate this

unkind behavior is to vote against the project in the second period, which is beneficial

to player 2. Accordingly, if player 2 believes that player 1 will vote against the project

in the second period, the only way for him to reciprocate this unkind behavior is to

vote against the project in the first period, which is beneficial to player 1. Similar

to the case without reciprocity, neither of the projects is implemented in equilibrium.

Interestingly, both agents have a strictly positive overall utility, although neither of

the projects is implemented. The reason is that reciprocally-motivated agents have

psychological benefits from taking revenge on the other player perceived as unfriendly.
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In Appendix B we prove the following proposition:

Proposition 4.3

For 2
B
≤ Y ≤ 2B

C(B−C)
, a∗

1 = (A, AAA, RAR, RRA, RRR) and a∗
2 = (R, AAA, AAR, ARA, ARR)

represents a reciprocity equilibrium that satisfies TR. In equilibrium, neither of the

projects is implemented and the utility of player i (i = 1, 2) is given by Ûi = Y · 1
4
B2.

Proposition 4.3 shows that there exist further equilibria under reciprocity, where neither

of the projects is implemented. The main difference between the equilibrium described

in Proposition 4.2 and this one is the voting behavior of player 1 in the case where

player 2 deviates and chooses A in the first vote. In both equilibria, player 1 would

perceive the deviation of player 2 as friendly. However, in contrast to the equilibrium

described in Proposition 4.2, player 1 is now sufficiently motivated by reciprocity and

thus he would like to reciprocate this kind behavior by voting in favor of the second

project.

Now we will show that there are also equilibria where agents perceive each other as

friendly and therefore logrolling may occur in equilibrium. Before we present our

findings, let us introduce the following two definitions:

Y min :=
2C

B (B − 2C)
(4.3)

Y max :=
2B

C(B − C)
(4.4)

Note that Y max > Y min for B ≥ 3C.

The next proposition states under which conditions logrolling may occur in equilibrium:

Proposition 4.4

For Y ∈ [Y min, Y max], a∗
1 = (A, AAA, RAR, RRA, RRR) and a∗

2 = (A, AAA, AAR, ARA, ARR)

represents a reciprocity equilibrium that satisfies TR. In equilibrium, both projects are

implemented and the utility of player i (i = 1, 2) is given by

Ûi = B − C + Y · 1

2
(B − C)

(
1

2
B − C

)
.

The proof of Proposition 4.4 is given in Appendix B.

Proposition 4.4 shows that equilibria exist where agents perceive each other as friendly

and therefore accept projects that are detrimental to themselves, but beneficial to
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those who are perceived as friendly. Compared to the cases described in Propositions

4.2 and 4.3, the project may now be implemented in each period. The intuition for this

result runs as follows: Suppose that player 1 believes that player 2 will vote against

his material interests in the first period. Then, the only way for player 1 to reciprocate

this kind behavior is to vote for the project in the second period, which is detrimental

to himself but beneficial to player 2. Accordingly, if player 2 believes that player

1 will vote against his material payoffs in the second period, the only way for him to

reciprocate this kind behavior is to vote in favor of the project in the first period, which

is detrimental to himself but beneficial to player 1. Hence, if voters have reciprocal

motives, there may exist equilibria where agents are willing to incur losses to help other

members perceived as friendly.

Note that these equilibria exist only if Y is not too small (i.e. if Y ≥ Y min). This

is plausible because for low values of Y , reciprocity plays a minor role and players

are not willing to incur costs in order to help the other player. Interestingly, these

equilibria do not exist either if Y is very large (i.e. if Y > Y max). Why is this the

case? Suppose that both players have voted in favor of the project in the first period.

In the second period, player 1 wants to reciprocate player 2’s kind behavior in period

1 by voting in favor of the second project. If player 2 also votes in favor of the second

project, he has material gains from the adoption of the second project, but he also

incurs psychological utility losses, since he accepts a gift that is costly to the other

player. If Y is very large, then it is profitable for player 2 to deviate by choosing R

instead of A in period 2, because he is too reciprocal to accept gifts that are costly to

the other player. As a consequence, logrolling equilibria occur only for intermediate

degrees of reciprocity.

4.6 Discussion of Possible Extensions

We have made two crucial assumptions to simplify the analysis. Let us discuss how

these assumptions affect our results. First, we have assumed that there are only two

agents who have to decide by unanimity rule whether to implement a project in each

period. In committees with more than two players and where the majority is applied,

we conjecture that reciprocity may lead to stable coalitions of members who support

one another. Although a member of this coalition may incur material losses if he votes
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in line with the other coalition members on a decision at hand, he may be willing to

vote against his material interests, as he is grateful to the other coalition members who

support the proposals he wants to see adopted.

Second, we have assumed that both players are equally strongly motivated by reciprocal

concerns (Yij = Yji = Y ). If we relax this assumption and assume instead that the

players are not equally strongly motivated by reciprocity (Yij 6= Yji), then our main

result – that logrolling can occur in equilibrium – continues to hold as long as the

reciprocal motives of both players are sufficient, but not too strong, i.e. if the condition

Y min ≤ Yij ≤ Y max holds for all i = 1, 2 and j 6= i.

4.7 Conclusions

Anecdotical and empirical evidence indicates that in politics, logrolling in sequential

voting processes occurs frequently. However, models where voters are self-interested

utility-maximizers and where the number of logrolling situations is finite cannot explain

this phenomenon. This is based on the fact that in a dynamic voting game with

definite end, logrolling cannot occur in equilibrium, as this kind of voting behavior is

time-inconsistent and thus not credible.

In this chapter we have shown that logrolling may arise if voters have reciprocal pref-

erences. The intuition in this case runs as follows: Suppose that the project winner of

the first vote believes that the other agent will vote against his material interests in

the first period. In this case, the only way for him to reciprocate this kind behavior

is to vote for the project in the second period, which is detrimental to himself, but

beneficial to the other agent. Accordingly, if the project loser of the first vote believes

that the other agent will vote against his material payoffs in the second period, then

the only way for him to reciprocate this kind behavior is to vote in favor of the project

in the first period, which is detrimental to himself, but beneficial to the other agent.

Hence, such “psychological logrolling equilibria” may exist in which agents are willing

to incur material losses to help other members perceived as friendly.

Interestingly, we show that “psychological logrolling equilibria” only exist if the players

are not too reciprocal. If individuals are extremely reciprocal, these equilibria break

down, as players do not accept gifts that involve costs for friendly player. On the other
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side, if players are only marginally influenced by reciprocal motives, “psychological

logrolling equilibria” do not exist either, as no player is willing to incur costs in order

to help the other player. Thus, these equilibria occur only for intermediate degrees of

reciprocity.
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Chapter 5

Inequity Aversion and Committees

5.1 Introduction

In this chapter, which is based on Mühe (2008), we examine how inequity aversion

may affect the decisions taken by a committee that is deciding on the implementation

of a project involving a conflict of interests. In particular, we analyze the effects of

inequity aversion on the optimal choice of a decision rule. We distinguish between three

decision-making rules, the simple majority rule, the unanimity rule, and the flexible

majority rule developed by Gersbach (2005).

We show that the desirability of a project depends crucially on the degrees of inequity

aversion. In particular, we show that the adoption of projects where the payoffs are

distributed unequally is only socially desirable if voters suffer weakly from inequity aver-

sion. Moreover, we show that the majority rule is beneficial if voters suffer marginally

from inequity aversion, as it enables the adoption of socially efficient projects. How-

ever, it is harmful if voters suffer sufficiently strongly from inequity aversion, as it

makes the adoption of socially inefficient projects possible. By contrast, if voters suffer

sufficiently strongly from inequity aversion, then decisions should be taken by una-

nimity rule, since this rule would prevent the adoption of socially inefficient projects,

because the project loser has the possibility to vote the project down. However, this

rule is harmful if voters suffer only marginally from inequity aversion, as it forestalls the

adoption of socially efficient projects. Finally, we consider the flexible majority rule.

Gersbach (2005) has shown that this rule is optimal if voters are standard rational

utility-maximizers, because it enables the adoption of socially desirable projects and
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it prevents the adoption of socially undesirable projects. We show that the flexible

majority rule is also optimal if voters are inequity-averse. The reason is that under

the flexible majority rule, projects are only adopted if the committee members weakly

suffer from inequity aversion.

This chapter is organized as follows: In section 5.2 we present our basic model. Next,

we present the preferences for inequity aversion, which we will apply in this chapter.

In section 5.4 we present the socially efficient solution. Subsequently, we examine the

outcome of the voting game under the majority rule and the unanimity rule. In section

5.6, we compare the solutions under both decision rules. In section 5.7 we introduce

the flexible majority rule and examine the solution of the voting game under this rule.

Moreover, we compare the solution under flexible majority rule with the solutions under

the majority rule and unanimity rule. Section 5.8 concludes.

5.2 Basic Model

We consider a committee comprising three agents (or groups) who have to decide on

the adoption of a project. In particular, we consider a project where the committee

members have a conflict of interests. That is, the project is advantageous to two agents

(henceforth called “project winners”) but disadvantageous to one agent (henceforth

called “project loser”). The project could be, for example, a reform of the tax system

where the project loser may represent rich people losing their tax privileges, and the

project winners may be poor and middle-class people who are unburdened.

We now turn to the players’ payoffs. We use πi to denote the material payoff of player

i = 1, 2, 3. Without loss of generality, we assume that players 1 and 2 are the project

winners and player 3 is the project loser. The material payoffs of player 1 are given by

π1 =

{
sB ≥ 0 if the project is adopted

0 otherwise,

and the payoffs of agent 2 are given by

π2 =

{
(1 − s)B ≥ 0 if the project is adopted

0 otherwise,

where B > 0 is the total benefit of the project and s (0 ≤ s ≤ 1) is the share of B

which player 1 gets if the project is adopted and (1− s) is the share of B for player 2.

If s = 1
2
, then benefits are equally distributed among project winners.
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We now turn to the material payoffs of player 3 which are given by

π3 =

{
−C < 0 if the project is adopted,

0 otherwise,

where C > 0 denotes the costs which player 3 incurs if the project is adopted. Through-

out the chapter, we assume that B > C.

Let us now consider the voting game in more detail. The sequence of events is sum-

marized as follows:

1. A project winner is randomly chosen to make a proposal. Without loss of gener-

ality, we assume that player 1 is the randomly-chosen agenda setter.

2. Player 1 can either propose a division of the material benefits s ∈ [0, 1] or he can

make no proposal.

3. If player 1 makes a proposal, agents have to decide whether the proposal should

be adopted. Either the majority rule or the unanimity rule is applied.

4. The project is adopted or not. Accordingly payoffs accrue to agents.

At the beginning of the voting game, player 1 has to decide about making a proposal.

Clearly, player 1 will make a proposal if he expects that he can make a proposal which

strictly improves his utility. In the case where player 1 is indifferent between proposing

a project or not, we apply the following tie-breaking rule:

TR 1:

If player 1 is indifferent between making a proposal or not, then he makes no proposal.

We now turn to the voting behavior of players. At the voting stage, each agent can

accept the project (A) or reject it (R). It is obvious that an agent will only play A

(R) if the project yields a positive (negative) utility for him. If an agent is indifferent

between both votes, we apply the following tie-breaking rule:
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TR 2:

If an agent is indifferent between both votes, he plays A (R) if he is a project winner

(loser).

5.3 Preferences for Inequity Aversion

As we have stated in the introduction, we consider a committee where the utility of its

members does not only depend on the material payoffs, but also on the distribution of

the outcome. In the following, we use the concept of inequity aversion developed by

FS, which is described in detail in chapter 2.2.1, to represent this type of preferences.

To simplify the analysis, we consider the case where individuals only dislike inequity

unfavorable to them, i.e., individuals dislike being worse off in material terms than the

other players.

Accordingly, the overall utility function of individual i ∈ {1, 2, 3} is given by:

Ui (π1, π2, π3) = πi −
αi

2

∑

j 6=i

max {πj − πi, 0} , (5.1)

where αi ≥ 0 represents the marginal loss from unfavorable inequity.

In the following, we assume that every player i can observe αj ∀j 6= i, i.e. every player

knows how strongly other players suffer from inequity aversion. To simplify the analysis

and the exposition, we consider the case where all players suffer equally strongly from

unfavorable inequity, i.e. αi = α ∀i.

5.4 Socially Efficient Solution

In this section, we analyze the conditions under which the adoption of a project is

socially desirable if voters are inequity-averse.

We begin the analysis with our definition of social efficiency:

Definition 1

A project is called socially efficient if the sum of all individual utilities, as defined by

equation (2.3), is weakly positive. If a project implies that the sum of all individual

utilities is strictly negative, we will call it socially inefficient.
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We now observe the conditions under which a project is socially efficient. Before we

present our findings, we introduce the following definitions:

α :=
B − C

B + C

α :=
2(B − C)

B + 2C

s :=
α(B + C) − (B − C)

αB

s :=
B − C(1 + α)

αB

Note that α < α, and s ≤ 1
2

and 1
2
≤ s for α ≤ α.

The following proposition summarizes our results:

Proposition 5.1

For 0 ≤ α ≤ α, all projects (0 ≤ s ≤ 1) are socially efficient. For α < α ≤ α, projects

where s ≤ s ≤ s are socially efficient. Projects with s < s and s > s are socially

inefficient. For α < α, all projects (0 ≤ s ≤ 1) are socially inefficient.

The proof of Proposition 5.1 is given in Appendix C.

Proposition 5.1 states that the adoption of a project is always socially desirable if

voters do not suffer too much from inequity aversion (i.e. if α ≤ α). In that case,

the project loser and, if the benefits are unequally distributed, a project winner may

suffer additional losses from inequity aversion if the project is adopted. As long as the

losses from inequity aversion are small, the material gains will always outweigh the

material costs and corresponding losses accruing from inequity aversion. By contrast,

the adoption of a project is never socially desirable if voters suffer strongly from inequity

aversion (i.e. if α > α). The reason is that in that case, the material costs and the

losses from inequity aversion of the project loser will always outweigh the material

gains of players 1 and 2.

The most interesting case is the intermediate case where α ≤ α ≤ α. In this case,

the adoption of a project is only socially desirable if the distribution of the material

benefits is not too unequal (i.e. if s ≤ s ≤ s). The reason is the following: Consider

a project where benefits are unequally distributed and one where benefits are equally

distributed. The first project implies that both the project loser and the project winner

with the smaller share of the benefits suffer losses from inequity aversion. By contrast,
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the latter project implies that only the project loser suffer losses from inequity aversion.

Since the inequity aversion of voters is self-centered, the project loser does not care

about how the benefits are distributed among the project winners. That is, his losses

from inequity aversion are the same for both projects. This, in turn, implies that

the total losses from inequity aversion are smaller the more equal the distribution of

the benefits is. Hence, as long as the distribution of benefits is not too unequal, the

material gains will always outweigh the material costs and the corresponding losses

from inequity aversion.

5.5 Solution of the Voting Game

In this section, we examine how inequity aversion could affect the decisions taken by

committee members deciding on the implementation of a project.

In the following, we examine the subgame-perfect equilibria of this voting game which

satisfies TR. Under the majority rule, we obtain the following result:

Proposition 5.2

Under the majority rule, there exists only one subgame-perfect Nash equilibrium that

satisfies TR 1 and TR 2. In equilibrium, player 1 proposes the following division:

s∗ =
2 + α

2(1 + α)

At the voting stage, players 1 and 2 play A. Player 3 chooses R. The project is adopted.

The proof is given in Appendix C.

Proposition 5.2 shows that under the majority rule, in equilibrium, player 1 always

proposes a project that is approved. Moreover, it shows that, in contrast to the case

where voters are not inequity-averse (i.e. where α = 0), inequity aversion of voters

forces player 1 to offer player 2 a positive share of the material benefits. The reason

is the following: Suppose that player 1 proposes s = 1. In this case, player 2 will

vote against this proposal, although he has no material utility losses if the project

is adopted. Nevertheless, he will suffer utility losses arising from inequity aversion if

the project is accepted, as he is worse off than player 1. Hence, to win player 2’s

vote, player 1 has to give him a sufficiently large share of B, such that his material

70



Chapter 5. Inequity Aversion and Committees

utility gains from adopting the project will compensate his utility losses from inequity

aversion.

Let us now consider the share for player 1, s∗, in more detail. We obtain the following

corollary:

Corollary 5.1

For s∗, the following holds:

(i) ∂s∗

∂α
= − 1

2(1+α)2
< 0

(ii) lim
α→0

s∗ = 1

(iii) lim
α→∞

s∗ = 1
2

The corollary states that the size of s∗ is decreasing in the marginal losses from inequity

aversion (cf. (i)). The reason is the following: As already mentioned, player 1 has to

give player 2 a positive share of the benefits, namely 1 − s∗, to win the vote. This

share crucially depends on how strongly individual 2 suffers from inequity aversion. If

individual 2 is only marginally affected by inequity aversion (cf. (ii)), then player 1

can propose an unequal division of the benefits to win the vote. However, if voter 2 is

very strongly affected by inequity aversion (cf. (iii)), then player 1 has to propose an

equal distribution of the benefits to get a majority for his proposal.

Turning to the solution of the voting game under the unanimity rule, we obtain the

following obvious result:

Proposition 5.3

Under the unanimity rule, there exists only one subgame-perfect Nash equilibrium that

satisfies TR 1 and TR 2. In this equilibrium, player 1 makes no proposal.

The proof is given in Appendix C.

Proposition 5.3 states that under the unanimity rule, player 1 will always abstain from

making a proposal. The reason is that he knows that the project loser will always vote

against the proposal, which implies that every proposal will be rejected with certainty.
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5.6 Comparison of Both Decision Rules

In this section, we compare the solution under the majority rule with the solution

under the unanimity rule. Before we present our findings, we introduce the following

definition:

α̂ :=

√
2B2 + 2BC − 2C

B + 2C

Note that α < α̂ < α.

The following proposition summarizes our results:

Proposition 5.4

For α < α̂, the majority rule is superior to the unanimity rule. For α = α̂, the majority

rule is as good as the unanimity rule. For α > α̂, the unanimity rule is superior to the

majority rule.

The proof is given in the Appendix C.

Proposition 5.4 compares the solution of the voting game under the majority rule with

the solution under the unanimity rule. It shows that neither of both rules is superior

for all parameter constellations. For example, if voters suffer marginally from inequity

aversion, i.e. if α < α̂, then the majority rule is superior to the unanimity rule. The

reason is the following: Although voter 3 suffers material utility losses and losses from

inequity aversion, the material utility gains of voters 1 and 2 arising from the adoption

of the project are relatively large in comparison to the utility losses of voter 3, which

implies that the project should be adopted. By contrast, if voters suffer strongly from

inequity aversion, i.e. if α > α̂, then the unanimity rule is superior to the majority rule.

The reason is the following: Although voters 1 and 2 have a positive material utility

from adopting the project, the material losses and the losses from inequity aversion of

voter 3 are relatively large compared to the material gains of voters 1 and 2, which

implies that the project should be rejected.

5.7 Optimal Decision Rule

In the previous section, we have seen that neither the majority nor the unanimity rule is

optimal, as both decision rules may lead to socially inefficient outcomes. In this section,

we consider the outcome of the voting game under another decision rule, namely the
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flexible majority rule developed by Gersbach (2004) and Gersbach (2005), where

the size of the majority needed for the implementation of the project depends on the

proposal itself.

Under the flexible majority rule, the share of votes needed to implement a proposal,

denoted by m(s, scrit), jumps from 1/2 (simple majority) to 1 (unanimity), if player 1

makes a proposal where s is smaller than a threshold value scrit:

m(s, scrit) =






1
2

if s ≥ scrit

1 if s < scrit.

We summarize our findings in the following proposition:

Proposition 5.5

Under the flexible majority rule with m(s, scrit) and scrit = ŝ, where ŝ is given by

ŝ =
2(B + C) +

√
2B(B + C)

2
(
B +

√
2B(B + C)

) ,

only socially efficient projects are proposed and adopted.

The proof of Proposition 5.5 is given in Appendix C.

Proposition 5.5 implies that player 1 will only propose a project if the inequity aversion

of voters is sufficiently low, i.e. if α ≤ α̂. Otherwise, i.e. if α > α̂, he will make no

proposal. The intuition runs as follows: Suppose that α ≤ α̂. In this case, player 2

suffers only marginally from inequity aversion. Accordingly, player 1 can offer player

2 a share 1 − s∗ of the benefits to win his vote, which is (weakly) smaller than 1 − ŝ.

Since s∗ ≥ ŝ, the flexible majority rule requires the simple majority in this case, which

implies that player 1 will make a proposal. By contrast, if committee members suffer

strongly from inequity aversion, i.e. if α > α̂, player 1 has to offer player 2 a share

1− s∗ of the benefits to win his vote, which is larger than 1− ŝ. As ŝ > s∗, the flexible

majority rule requires unanimity in this case, which entails that player 1 will refrain

from making a proposal.

A comparison of the outcome under the flexible majority rule with the outcome under

the majority and the unanimity rule yields that the flexible majority rule is superior

to the majority rule and the unanimity rule, as it allows both the adoption of socially

desirable projects and the prevention of socially undesirable ones.
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5.8 Conclusions

In this chapter we have examined how inequity aversion may affect the decisions taken

by a committee deciding on the implementation of a project involving a conflict of

interests. In particular, we have analyzed the effects of inequity aversion on the optimal

choice of a decision rule. We distinguish between three decision-making rules, the

simple majority rule, the unanimity rule, and the flexible majority rule developed by

Gersbach (2005).

We show that the majority rule is beneficial if voters suffer marginally from inequity

aversion, as it enables the adoption of socially efficient projects. However, it is harmful

if voters suffer sufficiently strongly from inequity aversion, as it renders the adoption

of socially inefficient projects possible. By contrast, if voters suffer sufficiently strongly

from inequity aversion, then decisions should be taken by unanimity rule, because this

rule would prevent the approval of socially inefficient projects, since the project loser

has the possibility to vote the project down. Yet, this rule is harmful if voters suffer

only marginally from inequity aversion, as it forestalls the adoption of socially efficient

projects.

Finally, we consider the flexible majority rule where the size of the majority needed

to implement the project depends on the project itself. Gersbach (2005) has shown

that this rule is optimal if voters are standard rational utility-maximizers, because it

enables the adoption of socially desirable projects and prevents the adoption of socially

undesirable ones. We show that the flexible majority rule is also optimal if voters are

inequity-averse. The reason is that under the flexible majority rule, projects are only

approved if the committee members suffer weakly from inequity aversion. Hence, our

analysis provides an additional argument in favor of the application of flexible majority

rules in committees.
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Chapter 6

Inequity Aversion and Logrolling

6.1 Introduction

In chapter 4, we have seen that for standard rational utility-maximizers, logrolling

cannot be the outcome of a sequential voting game with definite end, because logrolling

is time-inconsistent. Moreover, we have shown that reciprocity is a mechanism that

might explain the frequent occurrence of logrolling in politics. In this chapter, which

is based on Mühe (2007), we present another mechanism, namely inequity aversion, to

rationalize logrolling.

In the following, we reconsider the two-period voting game of chapter 4 where two

agents have to decide by unanimity rule whether or not to implement a project in

each period. In line with chapter 4, we assume that one voter will benefit from the

implementation of the first project and suffer material losses if the second project

is accepted, whereas the other voter will suffer material losses if the first project is

accepted and benefit from the implementation of the second project. However, in

contrast to chapter 4, we now assume that committee members are motivated by

inequity aversion instead of reciprocity.

We show that logrolling equilibria may also exist in a dynamic game with definite end if

voters are inequity-averse. The intuition runs as follows: Suppose that the first project

has been adopted. The project loser of the second project will suffer utility losses from

inequity – arising from the implementation of the first project – if the second project is

not adopted. If these losses from inequity aversion are sufficiently large, then voting for

the second project is profitable for him. This implies that it is profitable for the project
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loser of the first project to vote against his material interests in the first period, because

he knows that the project loser of the second project will support the second project

if the first one is adopted. Hence, logrolling will occur in equilibrium. Moreover, we

show that for logrolling to be possible, not all voters have to be motivated by inequity

aversion. In order to have logrolling in that case, the inequity-averse individual has to

be the project loser in the second stage.

The chapter is organized as follows: In section 6.2 we present our basic model. In the

subsequent section we introduce the preferences for inequity aversion. In section 6.4

we present our main findings. The optimal sequence of votes is examined in section

6.5. In section 6.6 we discuss the robustness of our results. Section 6.7 concludes.

6.2 The Basic Model

As in chapter 4, we consider a committee comprising two agents (or parties), denoted

by i = 1, 2, who have to decide by unanimity rule whether or not to implement a

project in each period. In section 6.6 we will discuss how the results would change if

we considered a committee with more than two members and if decisions were taken

by majority rule.

Furthermore, we assume that there are two periods, denoted by t = 1, 2. In each

period, agents can either accept the project (A) or reject it (R). Let vt
i ∈ {A, R}

denote the choice of player i in period t.

We now present the material payoff structure of this voting game. Let πt
i denote the

material payoffs of player i in period t. In the first period, the payoffs of agent 1 are

given by

π1
1 =

{
B > 0 if v1

1 = v1
2 = A

0 otherwise

and the payoffs of agent 2 are given by

π1
2 =

{
−C < 0 if v1

1 = v1
2 = A

0 otherwise.

In the second period, the payoffs of agent 1 are given by

π2
1 =

{
−C < 0 if v2

1 = v2
2 = A

0 otherwise
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and the payoffs of agent 2 are given by

π2
2 =

{
B > 0 if v2

1 = v2
2 = A

0 otherwise.

To simplify the calculations and the analysis, we assume that the benefits B and the

costs C are identical for both players. In section 6.6 we will discuss how this assumption

affects our results. Moreover, we assume that B > C. In particular, this implies that

both agents would prefer the implementation of both projects to the rejection of both

projects. As in chapter 4, we presume that the basic friction of logrolling is that no

enforceable contracts can be written. That is, agents cannot write vote contracts with

or without side-payments.

In section 6.4, we will look at subgame-perfect equilibria of this voting game. In

voting games, multiple equilibria usually occur. Therefore, we introduce the following

tie-breaking rule:

Tie-Breaking Rule (TR):

If an agent i is indifferent between both votes, then he chooses A (R) if he is a project

winner (loser).

6.3 Preferences for Inequity Aversion

As we have stated in the introduction, we now assume that the utility of the individuals

depends not only on the material payoff but also on the distribution of the outcome.

We use the concept of reciprocity developed by FS, described in detail in section 2.2.1,

to represent this type of preferences.

To simplify the analysis, we assume that both agents do not discount future payoffs.

We will discuss the implications of this assumption in section 6.6. Thus, the overall

material payoffs of player i (i = 1, 2) are given by πi = π1
i + π2

i .

The overall utility of player i (compare equation (2.4)) is given by

Ui

(
π1

i , π
1
j , π

2
i , π

2
j

)
= π1

i + π2
i − αi max

{
π1

j + π2
j −

(
π1

i + π2
i

)
, 0

}

− βi max
{
π1

i + π2
i −

(
π1

j + π2
j

)
, 0

}
,

(6.1)

where αi ≥ 0 represents the marginal loss from disadvantageous inequity and βi ≥ 0 is

the marginal loss from advantageous inequity.
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6.4 The Solution of the Voting Game

We now examine the outcome of the voting game if individuals are inequity-averse.

Before we present our findings, let us introduce the following definition:

βmin :=
C

B + C

First, consider the case where player 1 only suffers weakly from advantageous inequity

aversion. For β1 ≤ βmin, we obtain the following result:

Proposition 6.1

Suppose that β1 ≤ βmin. Then only the following subgame-perfect Nash equilibrium

that satisfies TR exists:

• In the first period, player 1 chooses A. In the second period, player 1 always

chooses R, irrespective of the outcome of the first vote.

• In the first period, player 2 chooses R. In the second period, player 2 always

chooses A, irrespective of the outcome of the first vote.

In equilibrium, neither of the projects is implemented and the utility of player 1 and 2

is given by

U1 = U2 = 0.

The proof of Proposition 6.1 is given in Appendix D.

Proposition 6.1 shows that if player 1 suffers only weakly from advantageous inequity

aversion, then logrolling cannot occur in equilibrium. The explanation is the following:

Assume that the first project has been adopted. The project loser of the second project

will suffer utility losses from advantageous inequity arising from the implementation

of the first project if the second project is not adopted. For β1 ≤ βmin, voting against

the second project is profitable for player 1, because his utility gains arising from

eliminating advantageous inequity are not large enough to compensate the material

losses if the second project is adopted. This implies that it is optimal for player 2 to

vote against the project in the first period, since he knows that the second project will

always be rejected. Hence, if player 1 suffers only weakly from advantageous inequity,

logrolling cannot occur in equilibrium.
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Now consider the case where player 1 suffers sufficiently strongly from advantageous

inequity aversion. For β1 > βmin, we obtain the following result:

Proposition 6.2

Suppose that β1 > βmin. Then only the following subgame-perfect Nash equilibrium

that satisfies TR exists:

• In the first period, player 1 chooses A. In the second period, player 1 chooses A

if and only if the project was adopted in the first period.

• In the first period, player 2 chooses A. In the second period, player 2 chooses A,

irrespective of the outcome of the first period.

In equilibrium, both projects are implemented and the utility of player 1 and 2 is given

by

U1 = U2 = B − C.

The proof of Proposition 6.2 is given in Appendix D.

Proposition 6.2 provides another potential explanation why logrolling occurs so fre-

quently in reality. The intuition for this result runs as follows: Again, suppose that

the first project has been adopted. Contrary to the case described in Proposition 6.1,

player 1 suffers now sufficiently strongly from advantageous inequity, such that voting

for the second project is now profitable for him. This, in turn, means that player 2

has strong incentives to vote against his material interests in the first period, because

he knows that player 1 will support the second project if the first project is adopted.

Hence, logrolling can occur in equilibrium.

Note that the overall utility arising from inequity aversion amounts to zero for both

players in equilibrium. Why is this the case? In the first period, both players in-

cur utility losses from inequity aversion, after the implementation of the first project.

However, these losses are completely compensated by the implementation of the second

project. Note that complete compensation of these losses is a consequence of the fact

that the payoff structure is perfectly symmetric and individuals do not discount future

payoffs. We will discuss in section 6.6 how these assumptions affect our results.

We also note that the existence of equilibria where logrolling occurs does not depend

on the parameter α. Why is this the case? The only player who will suffer utility losses
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from disadvantageous inequity after the implementation of the first project is player

2. Given that player 1 will vote in favor of the second project, player 2’s losses from

disadvantageous inequity are fully compensated by the adoption of the second project.

Hence, the value of α does not affect the existence of logrolling equilibria.

Let us now consider the critical value βmin, which determines whether or not logrolling

occurs in equilibrium, in more detail. We obtain the following corollary:

Corollary 6.1

For the critical value βmin, the following holds:

(i) ∂βmin

∂B
= − C

(B+C)2
< 0

(ii) ∂βmin

∂C
= B

(B+C)2
> 0

(iii) lim
B→C

βmin = 1
2

(iv) lim
B→∞

βmin = lim
C→0

βmin = 0

Corollary 6.1 illustrates that the existence of logrolling equilibria crucially depends on

the costs and benefits of the projects.

First, suppose that the costs C of the projects are given. This case is depicted in figure

6.1. It shows that projects with high benefits B may be accepted for a larger range of

β1 than projects with low values of B. The reason is that βmin is decreasing in B for

given costs C. Second, suppose that the benefits B of the projects are given. This case

B

no logrolling

logrolling

C

β1

1
2

0

βmin

Figure 6.1: Critical Value βmin as a function of B and fixed C.
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is depicted in figure 6.2. It shows that projects with low C may be accepted for a larger

range of β1 than projects with high costs C. The reason is that βmin is increasing in

C for given benefits B.

0

β1

no logrolling

logrolling

B

1
2

C

βmin

Figure 6.2: Critical Value βmin as a function of C and fixed B.

Why is βmin decreasing in B and increasing in C? Suppose that the first project is

adopted. In the second period, player 1 has to decide whether to vote in favor or

against the project that is detrimental to himself, but beneficial to player 2. If B is

large, then it is more profitable for player 1 to vote in favor of the second project,

because the utility gains from eliminating advantageous inequity, which come from the

adoption of the first project, are relatively large compared to the material losses arising

from the approval of the second project. The same argumentation holds true if C is

low. Hence, logrolling is more likely if C is rather small, or if B is relatively large.

6.5 The Optimal Sequence of Votes

In the previous section, we have seen that logrolling will only occur if the project

loser in the second period is sufficiently motivated by inequity aversion. To allow for

logrolling to occur in equilibrium, the sequence of votes may play an important role. If

both voters suffer sufficiently from advantageous inequity, i.e. βi > βmin for all i, then

the sequence of votes is irrelevant, since logrolling will always occur in equilibrium.

However, if only one voter suffers sufficiently from advantageous inequity, then the

existence of logrolling equilibria crucially depends on the sequence of votes. In this
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case, the following proposition obviously holds:

Proposition 6.3

Suppose that βi > βmin for player i (i = 1, 2) and βj ≤ βmin for the other player j

(j 6= i). Then the only sequence of votes where logrolling will occur in equilibrium is

the sequence where the player with β > βmin is the project winner in the first vote and

the project loser in the second vote. Otherwise, logrolling will not occur in equilibrium.

Proposition 6.3 shows that logrolling may occur even if one player is self-interested,

that is, α and β are zero for that player. The reason is the following: Suppose that

the selfish player is the project loser in the second vote. In this case, logrolling will not

occur, because he will always vote against the project in the second period. By contrast,

if the project loser in the second vote is sufficiently motivated by inequity aversion, it

is rational for the egoistic player to vote in favor of the project that is detrimental to

him in period 1, as the inequity-averse player will vote against his material interests in

period 2 if the first project is adopted. Hence, logrolling will occur in equilibrium even

if one player is completely selfish. Since logrolling is mutually beneficial, both agents

obviously prefer the sequence in which the agent with β > βmin is the project loser in

the second vote to the sequence where the self-interested player is the project loser in

the second vote.

6.6 Discussion of Possible Extensions

In the model, we have made three assumptions to simplify the calculations and the

analysis. This section will discuss how these assumptions affect our results.

First, we have assumed that benefits and costs of projects are identical for both players,

i.e. Bi = B and Ci = C for player i = 1, 2. If we relax this assumption, then our

main result that logrolling can occur in equilibrium continues to hold, as long as the

players’ net benefits from logrolling are not too unequal. The reasoning runs as follows:

First, suppose that benefits and costs are identical for both players, i.e. Bi = B and

Ci = C for i = 1, 2. In this case, agents suffer no utility losses from inequity aversion

if they engage in logrolling, because logrolling is equally profitable for both players

(B1 − C1 = B2 − C2 = B − C). Suppose now that benefits and costs are not identical

for both players, i.e. B1 6= B2 and C1 6= C2. Moreover, consider the case where the
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net benefits for both players are not equal, i.e. B1 − C1 6= B2 − C2. In this case,

logrolling is not equally profitable for both players. This entails that the agents will

suffer utility losses from inequity aversion if they engage in logrolling, which makes

logrolling less attractive for both players. However, as long as the players’ net benefits

are not too unequal, logrolling may still occur in equilibrium, because the losses from

inequity aversion may be small in comparison to the material gains, which will accrue,

if agents engage in logrolling.

Second, we have assumed that individuals do not discount future payoffs. If we relax

this assumption and consider a utility function of the following form

Ui

(
π1

i , π
1
j , π

2
i , π

2
j

)
= π1

i + δπ2
i − αi max

{
π1

j − π1
i + δ

(
π2

j − π2
i

)
, 0

}

− βi max
{
π1

i − π1
j + δ

(
π2

i − π2
j

)
, 0

}
,

where δ ∈ [0, 1) denotes the discount factor, then our result – that logrolling may occur

in equilibrium – will continue to hold as long as agents are sufficiently motivated by

inequity aversion, and as long they are not too impatient. For very small discount

factors, logrolling does not occur for the following reasons. There are two effects

reducing the incentives for player 2 to engage in logrolling. First, discounting future

payoffs implies that player 2 will not value future material gains from logrolling as

strongly as present material losses, which makes logrolling less attractive for him.

Second, player 2 does not value future inequity as strongly as present inequity. This

implies that the adoption of the future project can not fully compensate his present

losses from inequity, which makes logrolling less attractive for him. If player 2 is

very impatient, then the present material losses and present losses from inequity may

outweigh the discounted future gains from logrolling, which means that logrolling will

not occur in equilibrium. Hence, logrolling will only occur if the players are not too

impatient.

Third, we have assumed that there are only two agents who have to decide by una-

nimity rule whether or not to implement a project in each period. In committees with

more than two players and where the majority is applied, we conjecture that logrolling

can also occur for the following reasons. For example, consider a committee comprising

three agents who have to decide by majority rule whether to implement a project in

each period. Assume that there are two periods. In the first period, player 1 receives

positive material payoffs B (B > 0) and players 2 and 3 incur costs C (C > 0) if

the project is implemented. In the second period, player 2 receives positive material
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payoffs B, and players 1 and 3 incurs costs C if the project is approved. Suppose

that B > C. If a project is not implemented, then material payoffs are zero for all

agents. As in the two-player case, it may be profitable for players 1 and 2 to vote

against their material interests, if player 1 is sufficiently averse against advantageous

inequity. However, contrary to the two-player case, players 1 and 2 will suffer utility

losses from advantageous inequity if they support both projects, because player 3 will

suffer material losses if both projects are accepted. If these utility losses from advan-

tageous inequity are relatively small compared to the material gains from logrolling,

then logrolling can occur in equilibrium.

6.7 Conclusions

In this chapter we have shown that logrolling can occur in equilibrium in a finite

dynamic game if voters are motivated by inequity aversion. The reason for this result

is that the project loser of the second project will suffer utility losses from inequity

arising from the implementation of the first project if he votes against the second

project. If these losses are sufficiently large, then voting in favor of the second project

is profitable for him. This implies that the project loser of the first project has strong

incentives to vote against his material interests in the first period, because he knows

that the project loser of the second project will support the second project if the first

project is adopted. Hence, logrolling will occur in equilibrium.

We have argued that logrolling can only occur if agents are sufficiently motivated

by inequity aversion. Furthermore, we have shown that the existence of logrolling

equilibria crucially depends on the costs and benefits of the projects. If the benefits

are very large or if the costs are very small, then the material utility gains of the

project winner of the first vote from voting against the second project are relatively

small compared to the utility losses arising from advantageous inequity. This implies

that logrolling becomes more likely. Moreover, we have shown that for logrolling to be

possible, not all voters have to be motivated by inequity aversion. We have seen that

it may be rational for an egoistic agent to engage in logrolling and vote for the project

that is detrimental to himself if the other agent is sufficiently strongly motivated by

inequity aversion. However, in contrast to the case where all voters are motivated by

inequity aversion, the sequence of voting is now important. We have shown that in an
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optimal sequential voting process, the individual with inequity aversion has to be the

project loser in the second stage. As logrolling is mutually beneficial, both agents are

willing to agree on the optimal sequence of votes. Hence, in equilibrium, the egoistic

and the inequity-averse voter will engage in logrolling.
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Chapter 7

Breaking Vote-Buying to Promote
Growth

7.1 Introduction

Various studies suggest that vote-buying is an instrument widely used by parties in

developing countries to influence the outcome of elections.1 For example, buying votes

has a long tradition in countries like Mexico, the Philippines, Senegal, Taiwan or Thai-

land. In the 2002 (community-level) elections in the Philippines, an estimated 3 million

people were offered some form of payment. This corresponds to about 7 percent of all

adults allowed to vote. In Thailand, 30 percent of the heads of households surveyed

in a national sample said that they had been offered money during the 1996 general

election. In Taiwan’s 1999 election, 27 percent of a random sample of voters reported

that they had accepted cash offers during previous electoral campaigns.2

However, if vote-buying exists, then the success of redistribution policies used to over-

come poverty may be endangered. Vote-buying may be bad for society and may in

particular prevent growth-promoting redistribution policies. There is both theoretical

and empirical evidence supporting this view. Buchanan and Tullock (1962) argue

that in vote markets, minority groups – for example the poor – are likely to face higher

transaction costs than others, and may therefore become victims of income redistri-

1In the literature, different notions of “vote-buying” are discussed. For an overview see, for example,
Schaffer (2006). In this chapter, vote-buying is seen as a purely economic exchange where votes are
traded for cash, for example.

2See, for example, Hicken (2002), Rigger (2002), Schaffer (2002), Schaffer (2004), and Diaz-

Cayeros, Magaloni, and Weingast (2003).
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bution. Aghion and Bolton (2003) share the fear expressed by Schelling (1960)

that vote trading tends to increase the scope of the expropriation of voters. Barro

(2000) and Docquier and Tarbalouti (2001) analyze the potential effects of vote-

buying on redistribution in developing countries, with special reference to economic

growth. They argue that some (rich) groups may have an incentive to buy votes in

order to prevent redistribution. Their main result is that vote-buying is likely to reduce

growth-promoting redistribution.

The objective of this chapter, which is based on Gersbach and Mühe (2007), is

twofold. First, we analyze whether vote-buying can explain the fact why democratic

societies in many developing countries have been caught in a poverty trap. We use a

simple political economy model in which societies vote on growth-promoting redistri-

bution, and combine it with the vote-buying model developed by Groseclose and

Snyder (1996).3 We show that growth-promoting redistribution is impossible, as peo-

ple burdened by taxes would buy votes of poor people, and consequently, poverty

persists.

Second, we suggest a set of constitutional rules that enable a society to break the

negative consequences of vote-buying. Such rules must balance three requirements:

proposals for growth-promoting redistributions must be made, such proposals must be

approved by a majority and rich people must be protected from excessive taxation, as

well as from the threat to become poor. In particular, we show that repeated voting

on the same proposal is an essential element of such rules, as it enables a society to

overcome the poverty trap. The main intuition runs as follows: Under repeated voting,

a proposal that has been rejected will be brought to vote again. This procedure can

be repeated a fixed number of times. Once the proposal is accepted, the process ends

immediately. Such a repetition of the voting on a single proposal makes vote-buying

very costly, as the buyers of votes have to pay for votes in each period.

In order to promote growth, the repeated-voting rule will be combined with rotating

agenda-setting, ensuring that growth-promoting redistribution proposals are made, and

with a taxpayer-protection rule guaranteeing that richer people do not slide back into

poverty. A constitution consisting of a repeated-voting rule, a rotating agenda-setting

rule and a taxpayer-protection rule that promotes growth is called a growth-promoting

3The model has recently been generalized by Dekel, Jackson, and Wolinsky (2008), who allow
for a sequential and alternating bidding process over multiple rounds.
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constitution. We show that such a constitution exists.

The chapter is organized as follows: In the next section we outline the related literature.

The basic model is presented in section 7.3. In section 7.4 we discuss the policy

necessary to overcome a poverty trap. In section 7.5 we present the vote-buying model

and we outline the political framework. In section 7.6 we show that if vote-buying

is possible, overcoming a poverty trap is not possible. In section 7.7 we introduce

repeated voting and show that a growth-promoting constitution exists under vote-

buying. Section 7.8 concludes.

7.2 Review of the Literature

This chapter is related to different strands of the literature. First, it is related to the

literature on human capital and growth. Our analysis builds on the assumption that

human capital accumulation is the main source of economic growth. There are many

theoretical and empirical studies which support this view. See, for example, the im-

portant contributions of Uzawa (1965), Lucas (1988), Galor and Tsiddon (1997),

Sylwester (2000) and Gylfason and Zoega (2003). Easterly (2002) emphasize

the important role of education and human capital, especially for developing countries.

Second, it is also related to the large and rapidly growing range of theoretical and

empirical literature dealing with the existence and persistence of poverty traps. The

main focus of this literature is on the question how to overcome them. For a survey of

this literature, see Azariadis (1996) and Azariadis and Stachurski (2005). Ad-

ditionally, poverty traps are often connected with child labor, because poverty often

means that children have to work to supplement the family’s income. There is also a

large literature on this subject.4 For an overview, see Basu and Tzannatos (2003)

and Jafarey and Lahiri (2001).

Third, this chapter refers to the constructive constitutional economics approach which

goes back to Buchanan and Tullock (1962). This approach deals with the design

of new constitutional rules that might be helpful in democratic decision-making. Re-

cent papers on constitutional design focus on optimal majority rules in the context

4See, for example, Basu (1999), Basu (2000), Basu and Van (1998), Bell and Gersbach (2008),
Dessy (2000), Gersbach and Siemers (2005), Swinnerton and Rogers (1999).
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of reforms and public goods provision.5 In this chapter, we examine how democratic

rules, such as a taxpayer-protection rule and a repeated voting rule, can help to ensure

that proposals for growth-promoting redistributions are made, such proposals are ap-

proved by a majority and rich people are protected from excessive taxation and from

the threat to become poor.

7.3 The Basic Model

7.3.1 Output Production and Human Capital Formation

We consider an OLG model in which individuals live for two periods and where human

capital accumulation is a major source of economic growth. These periods are labeled

childhood and adulthood, respectively. For simplicity, we assume that each household

comprises one adult and one child. We consider a society Ω = {1, . . . , n} consisting of

n > 3 households, where n is assumed to be odd.6 A generic household is indexed by

i. In the basic model, all households are alike and we drop the index.

We now turn to output production and consider an aggregate consumption good. For

simplicity, let us assume that the human capital of adults is the only input factor

needed for production and that all output will accrue to the households as income. We

use λt ∈ [1,∞) to denote the human capital of an adult in period t. The condition

λ = 1 for the society as a whole can be thought of as a state of backwardness. The

level of output in period t produced by an adult who has a human capital endowment

of λt is given by

yt = αλt, (7.1)

where α ∈ (0,∞) denotes the marginal productivity of human capital.

We now turn to the formation of human capital. We assume that in period t adults

can make educational investments, i.e. they can use part of their income to invest

in the human capital of their children. We use et ∈ [0,∞] to denote the educational

investments of an adult in period t. These costs can be interpreted in different ways.

For instance, they may be the direct costs of school attendance. If school attendance

5See, for example, Aghion and Bolton (2003), Aghion, Alesina, and Trebbi (2004), Gers-

bach (2004), Gersbach (2005), Messner and Polborn (2004) or Young (1995).
6This assumption is not essential, but it simplifies our analysis, as it eliminates the possibility of

a draw.
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is free of charge they may represent foregone income, as schooling may reduce the time

children can contribute in household production. The child’s human capital endowment

on reaching adulthood at time t + 1 is given by

λt+1 = h (et) + 1. (7.2)

The function h(·) represents the human capital technology. h(·) is assumed to be a

continuous, strictly increasing and differentiable function in et, where h(0) = 0, i.e. no

investments in education, lead to a human capital level amounting to 1. Equation (7.2)

implies that educational investments are necessary for the formation of human capital

in the next generation, i.e., for λt+1 > 1.

7.3.2 The Household’s Behavior

We assume that all allocative decisions lie in the adult’s hands. We rule out any

bequests and the possibility of debts, so that (7.1) is the current real income used

entirely for consumption, denoted by ct, and educational investments et. The family’s

budget constraint is given by

ct + et ≤ yt. (7.3)

Adults are assumed to be altruistic, i.e. they want to maximize current consumption

and educational investments for their children. Let the adult’s preference ordering

be representable by the continuous, strictly increasing, differentiable, strictly quasi-

concave function u (ct, et) and consider the problem

max
ct,et

{u (ct, et)} subject to

ct + et ≤ αλt (7.4)

et, ct ≥ 0.

In view of the assumptions on u(·), this problem has a unique solution, denoted by

(co (λt) , eo (λt)), which is continuous in λt.

We make the following two assumptions regarding the optimal choices of (co (λt) , eo (λt)):

• Altruism is only operative if the human capital of adults is sufficiently large.

Therefore, we assume that there exists a critical value λS > 1 such that

eo (λt) = 0 ∀ λt ≤ λS,

eo (λt) > 0 ∀ λt > λS.
(7.5)
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This assumption reflects the fact that poverty often implies that children cannot

attend school because they have to work to supplement the family’s income.

• Both goods are non-inferior, i.e.

∂co (λt)

∂λt

> 0 ∀ λt ≥ 1,

∂eo (λt)

∂λt

> 0 ∀ λt > λS.

(7.6)

A typical example that satisfies both assumptions are Stone-Geary preferences, which

are widely used in development economics (see, e.g., Basu and Van (1998) and Bell

and Gersbach (2008)). In Appendix E, we provide a specific example of a Stone-

Geary utility function.

7.3.3 Dynamics

Returning to (7.2) in the light of (7.5), we obtain

λt+1 =

{
1 ∀λt ≤ λS

h (eo (λt)) + 1 ∀λt > λS.
(7.7)

In view of the assumption that λS > 1, it follows from the first part of (7.7) that the

state of backwardness (λ = 1 for the society as whole) is a locally stable steady state.

Henceforth, we will refer to this steady state as the poverty trap.

To describe the dynamic of (7.7) for all λt > λS, we have to consider the following

derivative
dλt+1

dλt

=
∂h (eo (λt))

∂eo (λt)
· ∂eo(λt)

∂λt

(7.8)

which is strictly positive, as ∂h(eo(λt))
∂eo(λt)

> 0 and ∂eo(λt)
∂λt

> 0 for all λt > λS.

In the following, we consider the case where the human capital technology is sufficiently

productive, i.e.
∂h (eo (λt))

∂eo (λt)
· ∂eo(λt)

∂λt

> 1

for all λt > λS. In this case, there exists a second threshold λ∗ (λ∗ > λS), which is

given as follows

λt+1 = λ∗ = h (eo (λ∗)) + 1.
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Figure 7.1: Human capital formation

λ∗ is a second stationary level of human capital, where adults and their offspring share

the same level of human capital. Note that λ∗ is an unstable steady state. The dynamic

of our model is shown in Figure 7.1.

Figure 7.1 illustrates how long-term growth depends on the size of educational invest-

ments made by the adults, which, in turn, depends on their human capital level. For

example, if the educational investments eo
t (λ) of the adults in period t are not suffi-

ciently large, i.e. eo
t (λ) < eo (λ∗), then the human capital of these children and their

offspring will be smaller than λ∗ in subsequent periods, and subsequent generations

will fall back into the poverty trap. However, if the adults choose eo
t (λ) > eo (λ∗),

then the human capital of these adults’ descendants in the subsequent periods will be

greater than λ∗ and human capital will grow in subsequent periods.

In short, overcoming the poverty trap requires that uneducated individuals have to be

given sufficient support for the adults to be able to choose eo (λt) > eo (λ∗). In the

following, we will call an individual educated if his human capital is larger than λ∗,

i.e. if he will afford schooling for his offspring, that yields increasing human capital

and output. Moreover, we will call a society educated if all its members have human
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capital larger than λ∗.

It is important to stress that growth-promoting redistribution is optimal for the society

from a utilitarian perspective taking into account all generations if future generations

have a sufficiently high weight, i.e. the discount factor is not too low. This justification

rests on the following externality: The improvements in all future generations welfare

that stem from a better education of today’s children are not fully reflected in the

preferences of today’s parents. This hold, as parents care about their children’s edu-

cation, but not about what happens subsequently. If, as arguable, the social planner

has a longer time-horizon than individual households, then the case for redistribution

to promote schooling is, in principle, established (cf. Bell and Gersbach (2008)).

7.4 Redistribution to Overcome Poverty

In the following, we assume that the whole society is initially (t = 0) in a state of

backwardness, i.e.

λi
0 = 1 ∀i ∈ Ω,

which represents a worst-case scenario.7 The broad policy objective is to educate the

whole society in order to enable all its members to escape from this backwardness, i.e.

λi > λ∗ ∀i ∈ Ω.

The instruments for this purpose are taxation and subsidization. Let τ i
t denote the tax

levied on the income of household i in period t. At the beginning of each period t, some

individuals will be subsidized from the ensuing tax revenue. We use si
t to denote the

subsidy each household i will receive in period t. We suppose that households are either

taxed or subsidized. Since households in a state of backwardness have few resources,

we assume that there is a subsistence level csub for an adult-child household that must

be guaranteed under all circumstances. The taxation of a household i caught in the

poverty trap is therefore assumed to be constrained by

α − τ i
t ≥ csub,

7Note that in reality, income distribution in developing countries is typically unequal. In the
following sections, we show that our results also hold true if we assume that there initially exists a
minority of “educated” rich households.
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where α is the income of households with λt = 1. In particular, the tax must fulfill the

following condition:

τ i
t ≤ α − csub =: τ sub

Next, we assume that τ sub > 0. It is plausible for τ sub to be small, as households caught

in the poverty trap may already be close to the subsistence level csub.

We define s∗ as the subsidy a household that is in a state of backwardness needs to

achieve a human capital level of λ∗ in the subsequent period. Hence, s∗ is given by the

implicit equation

h (eo (α + s∗)) + 1 = λ∗.

In order to overcome the poverty trap permanently, uneducated individuals have to

be given sufficient support for educational investments that yield increasing human

capital. Accordingly, we define s as the subsidy a household in a state of backwardness

needs to achieve a human capital level larger than λ∗ in the subsequent period. Hence,

s is given by the equation

s = s∗ + ǫ,

where ǫ is arbitrarily small, but positive.

We now look at households that have received subsidies of at least s, i.e. λi
t > λ∗. If

taxation of such households is very high, education of the offspring will be low and

their human capital may fall below λ∗. Such a slide back into poverty does not happen

if

αλi
t − τ i

t ≥ α + s,

which defines an upper level for the taxes of educated households, denoted by τ ∗:

τ i
t ≤ α

(
λi

t − 1
)
− s =: τ ∗

The total government revenues in period t are denoted by Bt. The budget constraint

in a period t is given by

Bt =
n∑

i=1

τ i
t ≥

n∑

i=1

si
t

Throughout the chapter, we assume that n−1
2

τ sub ≥ s. That is, the taxation of (n−1)/2

uneducated households is sufficient to subsidize at least one uneducated household with

s.
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7.5 The Vote-buying Game

7.5.1 The Game Form

In the following, we consider the case where individuals who will be taxed if the proposal

is implemented (henceforth called taxpayers) may engage in up-front vote-buying. Up-

front vote-buying is a binding agreement that gives an individual full control of the

vote of another individual in exchange for an up-front payment.

We assume that vote-buying is legally forbidden, but the agenda setter cannot observe

which individuals are purchased and which are not. This implies that vote buyers and

sellers face no risk of punishment. Since the agenda setter is aware of vote-buying, he

may have an incentive to make a proposal which includes subsidy payments to untaxed

individuals, to make vote-buying expensive.

We consider the possibility of taxpayers forming a coalition to prevent the adoption of a

redistribution proposal by vote-buying. For simplicity, we assume that each taxpayer in

the coalition will have the same bargaining power, i.e. if the taxpayers form a coalition

to engage in vote-buying, each taxpayer has to pay the same amount. Moreover, we

assume that the coalition of taxpayers can monitor the casting of votes by the purchased

individuals and can prevent deviations. In reality, there are several strategies for the

vote buyers to generate and enforce compliance.8 For example, vote buyers can instruct

voters to fold the ballot in a distinctive way, or to put a pinhole in one corner of

the ballot such that vote buyers can easily verify whether the voters have voted as

instructed. Another way is to give a voter a fake or stolen pre-marked ballot before

entering the polling station. The voter casts the filled-in ballot and gives the official

blank ballot to another voter waiting outside. This voter fills out the (received) ballot

to the buyer’s satisfaction, and goes back into the polling station and repeats the

process. Another common practice is to pay voters to abstain from voting, thereby

preventing them from casting ballots for the opponent.

We apply the vote-buying game developed by Groseclose and Snyder (1996). We

consider a sequential game with the agenda setter moving first and the coalition of

taxpayers moving last. This assumption could be justified with the observation that

8Schaffer (2006) gives a description of a number of strategies available to vote buyers to generate
and enforce compliance.
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the payments for votes by the agenda setter are part of his proposal and if it is costly

to change proposals – which we will assume in the following – then the coalition of

taxpayers is indeed able to move last.

We now turn to the sequence of the vote-buying game. The timing of events in period

t can be summarized as follows:

1. An individual is randomly chosen to set the agenda. The agenda setter either

announces a redistribution proposal or makes no proposal.

2. If the agenda setter announces a proposal, then

(i) the taxpayers can form a coalition and decide on the basis of this proposal

whether or not to buy votes;

(ii) vote-buying does or does not take place;

(iii) the society holds a vote on the implementation of the proposal;

(iv) the proposal is adopted if it receives more votes than required by some voting

rule.

The status quo will prevail if the agenda setter makes no proposal or if a redistribution

proposal is not adopted. At the vote-buying stage, individuals know who will be taxed

and who will receive subsidies if a proposal is accepted. In particular, at this point

in time, the coalition of taxpayers is perfectly informed about the offers made by the

agenda setter.

7.5.2 Constitutional Rules

In this section, we explore the capacity of democratic constitutions to promote growth.

Such a constitution is a set of rules that specify how the agenda setter is chosen and

how decisions are taken. In order to give democracy a good chance to overcome poverty,

we introduce the following set of rules:9

The democratic agenda-setting process is specified as follows:

9Indeed, Gersbach and Siemers (2005) show that without vote-buying the set of rules introduced
in this subsection induce education-promoting redistribution and growth.
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• Rotating agenda setting (RoA): The agenda setter is selected randomly.10 In the

first period, each individual i has the opportunity to make a proposal. In the

subsequent periods, only individuals who have not set the agenda in previous pe-

riods can apply for agenda setting. Each individual i allowed to make a proposal

has the same chance of setting the agenda.

This rule implies that the number of permitted reelections is zero. It ensures that each

individual will be the agenda setter at some point in time and will therefore have the

chance to make an education-enhancing redistribution proposal on which the society

will hold a vote.

Moreover, we assume that a proposal has to satisfy the following agenda rule:

• Balanced budget (BB): A proposal has to satisfy a balanced budget, i.e.,

n∑

i=1

τ i
t −

n∑

i=1

si
t = 0, ∀t.

By requiring a balanced budget in each period, the possibility of capital market-

financed subsidies for education is excluded. Thus, we analyze a worst-case scenario

in the following. Obviously, a society that can be educated without access to capital

markets can also be educated if it has access to them.

As a decision rule, we use a variant of the flexible majority rules (see, e.g. Gersbach

(2004) and Gersbach (2005)) in order to limit the taxation of educated households,

so that they do not fall back into poverty. We define

τmax
t = max

i∈Ω
τ i
t .

• Threshold flexible majority rule
(
TFM[τmax

t , τ ]
)
: Under this rule, the share of

votes needed to implement a proposal, denoted by m(τmax
t , τ), jumps from 1

2

(simple majority) to 1 (unanimity) if any individual i is taxed higher than the

threshold tax τ stated in the constitution:

m(τmax
t , τ) =






1
2

if τmax
t ≤ τ ;

1 if τmax
t > τ.

10Random selection is widely used in the literature on political science and political economy (see
for example, Baron and Ferejohn (1989) and Mueller, Tollison, and Willet (1972)), and it
is commonly seen as a decision rule generally accepted by individuals.
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The flexible majority rule effectively operates as tax protection rules. It ensures that

a winning majority for the proposal can be obtained if and only if educated adults

are not taxed adversely, i.e. if τmax
t ≤ τ . As soon as an agenda setter suggests an

adverse tax scheme, i.e. τmax
t > τ , the constitution requires unanimous agreement,

which, de facto, makes expropriation impossible to implement. A particular form for

m of such threshold flexible majority rules is to set τ = min{τ sub, τ ∗}. Recall that

τ sub is the highest taxation allowed for households in a state of backwardness, while τ ∗

is the highest tax burden for an already-subsidized household that does not endanger

educational investments in the future. Hence, the minimum of τ sub and τ ∗ ensures

that uneducated households will not fall below the subsistence level, and educated

households will not fall back into the poverty trap.

7.5.3 Equilibrium Concept

Given the constitutional rules described in subsection 7.5.2, we will look at subgame-

perfect equilibria in the vote buying game. It is convenient to introduce the following

tie-breaking rule for agenda setting. We assume

• TR 1: Individual i will apply for agenda setting if and only if he can strictly

improve his utility by agenda setting.

That is, the agenda setter expects that he can make a proposal with sag
t > 0 that will

be adopted. Alternatively, we can assume that there are small, but positive fixed costs

for agenda setting.

7.5.4 Voting Behavior of Unbribed Individuals

In this subsection, we examine the voting behavior of unbribed individuals. Recall that

we have assumed that a proposal either levies taxes on individuals (including a zero

tax rate), or provides subsidies. Obviously, taxpayers will vote against the proposal,

whereas subsidized individuals who have not been bribed will support it. If an unbribed

individual i is neither taxed nor subsidized, then he is indifferent between supporting

and rejecting the proposal. As a tie-breaking rule, we assume
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• TR 2: An unbribed individual i will support the proposal if

si
t = τ i

t = 0.

7.5.5 Incentives to Buy and Sell Votes

In the next step, we examine the incentives to buy and sell votes. The incentive of the

coalition of taxpayers to buy votes depends on whether the agenda setter proposes an

adverse tax scheme or not. If the tax scheme satisfies τmax
t > τ , then unanimity rule

prevails. In this case, there is no need for the taxpayers to engage in vote-buying, as

each individual has the power to vote a proposal down.

If the agenda setter suggests a tax scheme with τmax
t ≤ τ , the simple majority rule

prevails. Given this situation, the agenda setter and the coalition of taxpayers will be

interested in obtaining a majority of votes for and against the proposal respectively,

while spending as little as possible. That is, they will compete for the votes of the

individuals who will not be taxed if the proposal is accepted. We now turn to the

payment promises made by the agenda setter and by the coalition of taxpayers to the

untaxed individuals. We define

NT = {i ∈ Ω | τ i
t = 0 ∧ i 6= ag}

as the set of untaxed individuals in which the agenda setter is not included. Let si
t

denote the offer from the agenda setter to the untaxed individual i ∈ NT , and let

pi
t denote the payment offer of the coalition of taxpayers to the untaxed individual

i ∈ NT .

Both the agenda setter and the coalition of taxpayers have an incentive to bribe untaxed

individuals if and only if, the expected tax revenues Bt, are at least as high as their

total payment promises to the untaxed individuals. If this is not the case, vote-buying

will not occur. Alternatively, Bt can be interpreted as the budget or the willingness

to pay for implementing and preventing the proposal, on the part of the agenda setter

and the coalition of taxpayers, respectively.

The incentives of these individuals can be formalized as follows:

• VB(1): The agenda setter will buy votes if and only if

Bt ≥
∑

i∈NT

si
t, with si

t ≥ 0
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• VB(2): The coalition of taxpayers will buy votes if and only if

Bt ≥
∑

i∈NT

pi
t with pi

t ≥ 0

The preference of both the agenda setter and the coalition of taxpayers is to win at

minimal cost. In equilibrium, the agenda setter’s winning utility is

sag
t = Bt −

∑

i∈NT

si
t ≥ 0

and his losing utility is zero, where sag
t is the subsidy for the agenda setter and

∑
i∈NT si

t

the total of all payments incurred by the agenda setter (including zero subsidies to some

of the untaxed individuals). By contrast, in equilibrium, the utility from winning for

the coalition of taxpayers amounts to −∑
i∈NT pi

t and its utility from losing is −Bt,

where
∑

i∈NT pi
t is the total of all payments incurred by the coalition (including zero-

payment offers to some of the untaxed individuals) and

Bt −
∑

i∈NT

pi
t ≥ 0

is the value from winning if the majority votes against the proposal in equilibrium.

Note that the coalition of taxpayers will only engage in vote-buying if it knows that it

will win in equilibrium. Otherwise, the coalition will not buy any votes, as the money

would be wasted.

We now regard the untaxed individuals, who may have incentives to sell their votes to

the coalition of taxpayers. As vote-buying is illegal, we assume that there are positive

moral costs of vote-selling, denoted by φ.11 A bribed individual i will support the

proposal if si
t + φ > pi

t and reject it if si
t + φ < pi

t. If si
t + φ = pi

t, then the bribed

individual i will be indifferent between supporting and rejecting the proposal. As a

tie-breaking rule, we assume

• TR 3: A bribed individual i will sell his vote to the coalition of taxpayers if

si
t + φ = pi

t.

11Alternatively, we can drop the assumption that the risk for vote sellers to be arrested and punished
is zero, and assume instead that there is a small, but positive probability that the agenda setter can
observe which individuals have been bought by the coalition of taxpayers. In this case, φ could also be
interpreted as a risk premium demanded by the vote sellers to compensate the risk of being arrested
and punished.
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7.6 The Impossibility Result

In this section, we examine the outcome of the entire game with constitutional rules

as set out in subsection 7.5.2 and the tie-breaking rules TR 1 – TR 3. We use T to

denote the number of periods a democratic society needs to educate itself. Recall our

assumption that initially (t = 0), the whole society is in a state of backwardness, i.e.

λi
0 = 1 ∀i ∈ Ω. If vote-buying is possible, we obtain the following result:

Proposition 7.1

Consider the case of a democracy with a constitution that provides for:

• rotating agenda setting (RoA)12

• threshold flexible majority rule (TFM[τmax
t , τ ]), with τ = min{τ sub, τ ∗}

• balanced budget (BB)

Such a democracy cannot educate a society in finite time, i.e. T = ∞, if vote-buying

is possible and if the moral costs of vote-selling are sufficiently small, that is, if

φ <
(n − 3)τ sub

(n − 1)(n − 2)
.

The proof is given in Appendix E.

The reason for the result of Proposition 7.1 is the following: Suppose that the randomly-

chosen agenda setter in t = 0 makes a proposal where he taxes at most (n − 1)/2

individuals with τ sub to subsidize himself and other untaxed individuals. As the agenda

setter knows that the taxpayers can form a coalition after he has announced a proposal

and buy the “cheapest” untaxed individuals of his proposal, the best thing he can do

is to make a proposal with equal subsidies to all untaxed individuals. By contrast, the

coalition of taxpayers has the advantage of buying only a small number of untaxed

individuals to form a simple majority against the proposal, as all taxpayers will vote

against the proposal. Moreover, it is sufficient to offer these individuals slightly more

than the subsidies of the agenda setter and the moral costs of vote-selling together

to win their votes. If the moral costs of vote-selling are not too large, then vote-

buying is always profitable for the coalition of taxpayers. This, in turn, implies that

12If there is a dynasty that holds the agenda setting power, a society has a priori no possibility to
overcome the poverty trap, as is evident from the proof of Proposition 7.1.
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no proposal made by the agenda setter would ever be accepted, because a majority

would always vote against it. Since the agenda setter expects that he cannot strictly

improve his utility by agenda setting, he will refuse to make a proposal. The preceding

argumentation holds true for every period t. Hence, the education of a society is not

possible in finite time, and the economy remains in a state of backwardness.

The result of Proposition 7.1 also applies to societies where a share of individuals is

already educated.

Corollary 7.1

Consider a society where some individuals are already educated, i.e. λ0 > λ∗ holds

for these individuals. A constitution with RoA, BB, and TFM cannot educate such a

society in finite time if the moral costs of vote-selling are sufficiently small.

The proof of this statement follows the same logic as the proof of Proposition 7.1 and

is therefore omitted.

Corollary 7.1 states that the failure in the education of a society does not depend on

the fact that the whole society is initially in the poverty trap. The reason for this

result is the following: If some individuals are already rich and educated, the size of

the expected tax burden may change. A change in the expected tax burden, however,

affects the vote-buying budget of the agenda setter and of the coalition of taxpayers in

the same way. As the coalition of taxpayers will make its payment offers to the poor

untaxed individuals after the agenda setter has announced his proposal, the advantage

of buying only a small number of untaxed individuals remains. Hence, the coalition of

taxpayers is still able to bid in such a way that the proposal of the agenda setter will

be rejected, as long as the moral costs of vote-selling are sufficiently small.

7.7 The Result with Repeated Voting

To eliminate the negative impact of vote-buying, we introduce repeated voting.13 The

additional agenda rule is described as follows:

13We will use repeated voting to break the blockade against education-enhancing proposals induced
by vote-buying. Repeated voting may also have other virtues. For example, Morton (1988) has
shown that agents can acquire information on voter preferences by observing the results of early
referenda and use that information in formulating a strategy for subsequent referenda.
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• Repetition of Voting (RoV[R]): If the proposal of an agenda setter i is rejected,

the voting on that proposal will be repeated. A vote will be repeated R times.

If the proposal is accepted, voting ends. However, if the proposal is rejected R

times, the status quo prevails.

We now describe the sequence of repeated voting in period t, which is illustrated in

figure 7.2, in more detail.

�� �� �� �� ��

��������

status quo

proposal

is rejectedRth vote

proposal

is accepted

proposal

is accepted

proposal

is accepted

proposal

is accepted

3rd vote2nd vote
proposal

is rejected1st vote
proposal

is rejected

proposal

is implemented

(repetition ends)

proposal

is implemented

(repetition ends)

proposal

is implemented

(repetition ends)

proposal

is implemented

(repetition ends)

Figure 7.2: Sequence of repeated voting in period t.

At the beginning of period t, the agenda setter is allowed to make a proposal. In

the next stage, the society holds a vote on the implementation of this proposal. If

a majority votes in favor of the proposal, it is accepted. Otherwise, there will be a

new vote on this one. If the project is rejected again, then there will be a yet another

vote on this subject. This procedure will be repeated as long as the proposal is not

accepted. However, repetition of voting stops if the proposal is rejected R times. In

this case, the status quo will prevail. If the buying of votes is possible, we obtain

Proposition 7.2

Consider the case of a democracy with constitution that provides for:

• rotating agenda setting (RoA)

• threshold flexible majority rule (TFM[τmax
t , τ ]) with τ = min{τ sub, τ ∗}

• balanced budget (BB)

• repetition of voting (RoV[R])
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and the number of possible voting repetitions amounts to

R = ⌈R∗⌉ with R∗ =
(n − 1)τ sub

2φ
, φ > 0.

Such a democracy can educate a society in finite time, i.e., T < ∞, if vote-buying is

possible.

Note that ⌈R∗⌉ denotes the minimal natural number larger than or equal to R∗. The

proof of Proposition 7.2 is given in Appendix E.

The reason for the result of Proposition 7.2 is the following: Suppose that the randomly-

chosen agenda setter in t = 0 makes a proposal where he taxes at most (n − 1)/2

individuals with τ sub to subsidize himself with s. The possibility of repeated voting

makes vote-buying very costly, as the coalition of taxpayers has to buy at least one

untaxed individual in each voting to form a minimal coalition against the proposal. If

the number of possible voting repetitions is sufficiently large, then vote-buying would

not be profitable for the coalition of taxpayers, since the total payments needed to

prevent the implementation of the proposal would outweigh tax demand in the first

round. Hence, it is optimal for the coalition of taxpayers not to engage in vote buying

in the first round. According to TR 2, all untaxed individuals will vote in favor of

the proposal in the first vote, which implies that the proposal of the agenda setter will

be accepted. The rotating agenda-setting rule ensures that each poor individual will

have the right to set the agenda in the future, which implies that all individuals will

receive the required transfer s. The threshold flexible majority rule guarantees that

educated rich people are not excessively taxed and become poor. Hence, a constitution

consisting of RoV, RoA and TFM promotes growth. As a result, the society will be

educated in finite time.

However, it is clear that RoV will only work if repeated voting actually reduces the

wealth of the vote buyer. The success of a constitution consisting of RoV, RoA and

TFM might conceivably be endangered by “long-term vote-buying contracts”. A long-

term vote-buying contract is a binding agreement that gives the vote buyer full control

of the vote of another individual for more than one vote, in exchange for an up-front

payment. However, we believe that in reality, long-term vote-buying contracts are not

feasible. The reason is that vote-buying contracts are illegal, therefore they cannot

be enforced by courts. However, if long-term vote-buying contracts are feasible, then

further rules have to be developed.
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Repeated voting is a phenomenon seen in developed countries. Prominent examples

are, for example, the repeated referenda in Canada on the secession of Quebec, or in

Switzerland on the question on joining the EU or not. Denmark also held two referenda

before accepting the Maastricht Treaty. Moreover, the possibility of repeated voting

on an issue is, in fact, provided for in some constitutions, for example, those of the

Republic of Tajikistan (1995) or of Slovakia (1992).14

7.8 Conclusions

This chapter has provided two insights. First, we have shown that if agents can buy and

sell votes, and if the moral costs of vote-selling are not too large, then the education of

a democratic society is impossible. Hence, this society will remain in the poverty trap.

The reason for this pessimistic result is that the potential losers from redistribution have

strong incentives to buy votes in order to prevent redistribution. This impossibility

result may provide one possible explanation as to why societies in many developing

countries have been caught in the poverty trap for such a long time.15

Second, we have shown that a constitution consisting of a repeated voting rule, a

rotating agenda-setting rule and a threshold flexible majority rule enables a society to

escape the poverty trap if vote-buying is possible, because the opportunity of repeated

voting makes vote-buying very costly, and therefore unattractive for the taxpayers. The

threshold flexible majority rule guarantees that rich people are not taxed excessively,

which would impoverish them. Rotating agenda-setting ensures that each individual

will have the right to set the agenda and will receive growth-promoting transfers.

In our analysis, we have considered a society where the moral costs of vote-selling are

relatively small, where vote buyers and sellers face no risk of punishment, and where

vote buyers can monitor the casting of the votes they bought perfectly. These features

tend to apply to many developing countries. If we considered a society where, for

example, the risk of being punished is very high or where the moral costs of vote-

selling are large, vote-buying would be very costly and thus less attractive. This tends

to hold for industrial countries.
14For more details on the practice of repeated referenda, see, e.g., Article 31 of the Constitutional

Law of Republic of Tajikistan on a Referendum, or Article 99 of the Constitution of the Republic of
Slovakia.

15Note that our conclusion, that vote-buying has a negative effect on economic development, is in
line with the findings of Barro (2000) and Docquier and Tarbalouti (2001).
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Final Remarks

Part I: Fairness and Decision-making in Committees

Summary:

In the first part, we examine how fairness motives affect decision-making in committees.

We consider two kinds of fairness motives (reciprocity and inequity aversion) in static

and dynamic voting models. The findings of our models suggest that fairness motives

may have significant effects on the voting behavior of committee members and thus

on the outcome of votings. For example, we show that inequity-averse committee

members may vote against their own material payoffs to reduce inequity among voters.

If committee members are motivated by reciprocity, we show that they may vote against

their own material interests to help other members perceived as friendly, or to retaliate

on other members perceived as unkind. Our findings suggest that reciprocity and

inequity aversion could be mechanisms explaining the frequent occurrence of logrolling

in politics. We also show that they can explain why in reality, projects are sometimes

adopted although they are detrimental to a large majority of committee members.

We discuss various mechanisms that might help to eliminate the possible negative

consequences of fairness motives, such as incentive contracts and flexible majority rules.

Outlook for Future Research:

Our results suggest that fairness motives have the potential to affect decision-making

in committees significantly. However, to derive precise policy conclusions, several ex-
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tensions of the fairness concepts and the voting models should be examined in future

research. Let us examine possible extensions in more detail.

Extensions of the Fairness Concepts:

As the literature on fairness preferences is still in its infancy, there is no consensus

among economists yet on how to model fairness considerations. Thus, it would be

useful to extend the fairness concepts in various directions to check the robustness

of our results. In the case where voters are inequity-averse, we think the following

three extensions should be analyzed. First, the existing inequity aversion models only

consider self-centered inequity aversion. It would be interesting to examine how our

results would be affected if committee members cared about inequity between other

members. Second, the inequity aversion models use the equal division of the outcome as

reference point. A more general specification of the reference point would be useful, to

allow for the fact that individuals may tolerate a certain degree of inequity. Third, the

existing inequity aversion models have different reference agents. In the model of Fehr

and Schmidt (1999) players have multiple reference agents, whereas in the model

of Bolton and Ockenfels (2000), players compare themselves with the “average”

player. It would be worthwhile to examine how the choice of the reference agents affects

our results.

In the case where voters are motivated by reciprocity, it would be interesting to consider

the following extensions. First, it would be desirable to allow for a more general

specification of the equitable payoff, to examine how different norms of fairness affect

our results. Second, it would be reasonable to introduce costs of kindness explicitly into

our model to capture the fact that a player may value a friendly action of another player

more highly if that action is very costly to this player. Third, the concepts of reciprocity

developed by Rabin (1993) and Dufwenberg and Kirchsteiger (2004) imply that

a vote is perceived as neutral if the voter was non-pivotal. It would be interesting to

modify the kindness functions to allow for the possibility that the votes of non-pivotal

voters are perceived as kind or unkind. Fourth, the explicit modeling of first-order

and second-order beliefs makes the analysis extremely complicated. Thus, it would be

desirable to develop a simple committee-specific model of reciprocity where the kindness

functions are positive (negative) if a player’s vote was beneficial (harmful) to another

player. Finally, it would be interesting to examine the interplay of intentional and
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distributional concerns. In this case it would be useful to apply the concept developed

by Falk and Fischbacher (2006), which captures both types of fairness motives.

Extensions of the Voting Models:

After having checked the robustness of our results with respect to various extensions of

the fairness preferences, it would also be reasonable to extend our simple voting models

in several directions. For instance, it would be desirable to incorporate an uncertain

payoff structure, secret ballots and other decision rules into our models. Moreover, it

would be worth considering voting games with more than two votes. We conjecture

that, for example, uncertainty in the payoff structure or secret ballots will reduce the

reciprocal bonds between individuals, which makes the existence of logrolling equilibria

less likely. By contrast, the number of potential logrolling situations may increase if

the number of votes increases, which makes logrolling more likely.

So this part of the thesis is only a first step towards the analysis of group decision-

making in which fairness motives influence the behavior of decision-makers.

Part II: Vote-Buying and Growth

Summary:

In the second part of this thesis, we analyze the impact of vote-buying on the economic

development of a society that is caught in a poverty trap. We assume that human

capital is the main source of economic growth in our model. Redistribution may pro-

mote growth because individuals are too poor to invest in human capital. We show

that under the simple majority rule, growth-promoting redistribution is impossible, as

rich people would buy the votes of poor people to prevent redistribution. Moreover,

we show that even sophisticated agenda-setting rules such as rotating agenda-setting

cannot overturn this result. To break the negative consequences of vote-buying, we

propose a new constitutional rule which allows for repeated voting on the same redis-

tribution proposal. This makes vote-buying prohibitively costly. The repeated-voting

rule is combined with rotating agenda-setting, which ensures that growth-promoting

redistribution proposals are made. Moreover, a taxpayer-protection rule is used that

guarantees that richer people do not slide back into poverty.
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Outlook for Future Research:

We have shown that the repetition of votes is a promising approach to prevent vote-

buying. An interesting question left to future research would be whether there are

other constitutional rules that enable a society to prevent the negative consequences of

vote-buying. One possible instrument to avoid vote-buying may be the use of collective

penalties. Under collective penalties, taxpayers could be punished collectively if the

agenda setter observes vote-buying. We conjecture that the use of collective penalties

can reduce the incentives of the taxpayers to engage in vote buying if the penalty is

sufficiently large.

Another interesting question is whether our results would hold if we used the vote-

buying model developed by Dekel, Jackson, and Wolinsky (2008), who allow

for a sequential and alternating bidding process over multiple rounds. We conjecture

that growth-promoting redistribution is impossible in their model, as rich people still

have an incentive to buy votes to prevent redistribution. However, it seems likely

that the repetition of voting rule would also be an appropriate instrument to prevent

vote-buying in their framework.

The main objective of the second part of this thesis is to answer the question whether

constitutional rules exist which can prevent vote-buying. The next question for future

research would be whether such a growth-promoting constitution will be approved

by a majority. The adoption of such a constitution may be difficult, because the

individuals benefiting from vote-buying will strongly oppose such a constitution and,

presumably, they will bribe other voters to prevent the adoption of this constitution.

An open question for future research would be how constitutions should be designed

to be supported by a majority.

We have examined the effects of vote-buying in a direct democracy where voters vote

directly on redistribution proposals. It would be interesting to analyze the effects

of vote-buying in a representative democracy where two parties R (representing the

rich) and P (representing the poor) can engage in vote-buying during their election

campaign. Suppose that party P is in favor of redistribution and party R is against

redistribution. If R’s budget is relatively large, then R can buy more votes than P .

Therefore, it is more likely to be elected, which implies that redistribution becomes

unlikely. An interesting issue for future research would be to find constitutional rules

that are able to prevent vote-buying in such a setting.
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Proofs for Chapter 3

Proof of Lemma 3.2

We consider a strategy profile a∗ such that i is not pivotal and derive the kindness

function κij

(
ai, (bik)k 6=i

)
for (bik)k 6=i = (a∗

k)k 6=i. Player i’s choice has no impact on the

payoff of player j 6= i, given the choices (a∗
k)k 6=i of the other players. Equivalently,

πj

(
ai = R, (bik)k 6=i

)
= πj

(
ai = A, (bik)k 6=i

)
= πj(a

∗)

for (bik)k 6=i = (a∗
k)k 6=i. We obtain

πhi

j

(
(bik)k 6=i

)
= πmini

j

(
(bik)k 6=i

)
= πj(a

∗)

(compare (2.13) and (3.1)). According to the definition of κij

(
ai, (bik)k 6=i

)
, equation

(3.2), this immediately implies

κij

(
ai, (bik)k 6=i

)
= 0 ∀ai ∈ {A, R} and for (bik)k 6=i = (a∗

k)k 6=i. (A.1)

The analysis for λiji

(
bij, (cijk)k 6=j

)
is almost identical and is therefore omitted.

2

Proof of Lemma 3.3

Here we derive the kindness function κij

(
ai, (bik)k 6=i

)
of a pivotal player i for CP and

(bik)k 6=i = (a∗
k)k 6=i. Recall that, according to Lemma 3.1, both strategies are efficient in

the CP case.
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We use w 6= i to denote an arbitrary project winner. Consequently, ai = A is beneficial

to w and ai = R is harmful to w. The highest payoff player i can choose for w is given

by

πhi
w

(
(bik)k 6=i

)
= πw

(
ai = A, (a∗

k)k 6=i

)
= Pw. (A.2)

The lowest payoff player i can choose for w is given by

πli
w

(
(bik)k 6=i

)
= πmini

w

(
(bik)k 6=i

)
= πw

(
ai = R, (a∗

k)k 6=i

)
= 0. (A.3)

Accordingly, the resulting equitable payoff (see (2.15)) will be

πei
w

(
(bik)k 6=i

)
= πei

w

(
(a∗

k)k 6=i

)
=

1

2
[0 + Pw] =

1

2
Pw. (A.4)

The kindness of player i to player w (see (3.2)) is therefore given by

κiw

(
ai, (bik)k 6=i

)
= κiw

(
ai, (a

∗
k)k 6=i

)
=

πw

(
ai, (a

∗
k)k 6=i

)
− 1

2
Pw

Pw

. (A.5)

Because πw

(
ai = A, (a∗

k)k 6=i

)
= Pw and πw

(
ai = R, (a∗

k)k 6=i

)
= 0, we obtain

κiw

(
ai, (bik)k 6=i

)
=

{
+1

2
for ai = A

−1
2

for ai = R.

The proof is analogous for the case where the other player is a project loser. In a

similar vein, we omit the analysis for λiji

(
bij, (cijk)k 6=j

)
.

2

Proof of Lemma 3.4

Here we derive the kindness function κij

(
ai, (bik)k 6=i

)
for a pivotal player i and

(bik)k 6=i = (a∗
k)k 6=i. We consider the GP case and note that the BP case is completely

analogous. For GP, ai = A is beneficial to all players, whereas ai = R is harmful to all

players. Recalling that A is the only efficient strategy, we obtain

πhi

j

(
(bik)k 6=i

)
= πli

j

(
(bik)k 6=i

)
= πj

(
ai = A, (a∗

k)k 6=i

)
= Pj.

Obviously, the resulting equitable payoff (see (2.15)) in that case will be

πei

j

(
(bik)k 6=i

)
= Pj.
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The worst possible payoff player i can give to player j is the payoff resulting from the

inefficient strategy R:

πmini

j

(
(bik)k 6=i

)
= πj

(
ai = R, (a∗

k)k 6=i

)
= 0.

The kindness of player i to player j (see (3.2)) is given by

κij

(
ai, (bik)k 6=i

)
=

πj

(
ai, (bik)k 6=i

)
− Pj

Pj

=
πj

(
ai, (a

∗
k)k 6=i

)
− Pj

Pj

.

Because πj

(
ai = A, (a∗

k)k 6=i

)
= Pj and πj

(
ai = R, (a∗

k)k 6=i

)
= 0, we obtain

κij

(
ai, (bik)k 6=i

)
=

{
0 for ai = A

−1 for ai = R.

We omit the analysis for λiji

(
bij, (cijk)k 6=j

)
as it is formally equivalent.

2

Proof of Proposition 3.3

We now show that each equilibrium without reciprocity a∗ ∈ {A, R}N also represents

an equilibrium under reciprocity. It is useful to introduce PP (a∗) as the set of players

who are pivotal under a∗.

Behavior of Non-Pivotal Players

If i /∈ PP (a∗), then i’s choice is dictated by our tie-breaking rule (cf. Lemma 3.2 and

the discussion following it). Thus, player i chooses a∗
i under reciprocity.

Behavior of Pivotal Players

Now let us consider a player i ∈ PP (a∗). The kindness λiji of players j 6= i with

j /∈ PP (a∗) is zero (cf. Lemma 3.2). Hence, the respective terms λiji [1 + κij] associated

with these players j are zero in player i’s utility (see (2.12)).

It is crucial to note that in every equilibrium without reciprocity either Pk > 0 ∀k ∈
PP (a∗) or Pk < 0 ∀k ∈ PP (a∗). This follows from two observations. First, all players
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in PP (a∗) necessarily choose the same vote in an equilibrium without reciprocity.1

Second, all players k ∈ PP (a∗) choose A if Pk > 0 and R if Pk < 0.

As a consequence, either player i and all other players in PP (a∗) have positive material

benefits from the project (and choose A) or player i and all other players in PP (a∗)

have negative material benefits from the project (and choose R). Thus, all players

j 6= i with j ∈ PP (a∗) choose votes that are beneficial to i. In addition, a∗
i is beneficial

to all players j 6= i with j ∈ PP (a∗).

For simplicity, we focus on CP and MR. It is now straightforward to see that a∗
i

yields strictly higher utility to i than ¬a∗
i under reciprocity. First, a∗

i yields higher

material payoffs to i, because a∗ represents an equilibrium without reciprocity. Second,

all players j 6= i with j ∈ PP (a∗) choose votes that are beneficial to i, which is

considered kind (λiji = 1
2
, see Lemma 3.3). Moreover, a∗

i is beneficial to all j 6= i

with j ∈ PP (a∗), which implies κij = 1
2
. By contrast, ¬a∗

i is harmful to all j 6=
i with j ∈ PP (a∗), which implies κij = −1

2
. Hence, a∗

i maximizes psychological

payoffs
∑

j∈{1,...,N}\{i} λiji

(
bij, (cijk)k 6=j

)
·
[
1 + κij

(
ai, (bik)k 6=i

)]
for (bik)k 6=i = (a∗

k)k 6=i

and (cijk)k 6=j
= (a∗

k)k 6=j.

To sum up, it is optimal to choose a∗
i given (a∗

j)j 6=i, because it maximizes material and

psychological payoffs. Hence, a∗ also represents an equilibrium under reciprocity.

2

Proof of Proposition 3.5

Let us consider the conditions under which it is optimal for i to choose A if all other

agents also choose A. According to Lemma 3.4, the perceived kindness of other agents

j amounts to λiji = −1. If player i chooses A, then his kindness to any other player j

amounts to κij = −1. By contrast, if player i deviates by choosing R, then his kindness

to any other player j amounts to κij = 0. Choosing A therefore results in higher utility

(cf. equation (2.12) and recall our assumption that Yij = 1 ∀i 6= j) if

Pi + (N − 1) · (−1) · (1 − 1) ≥ (N − 1) · (−1) · (1 + 0), (A.6)

1Under the majority rule, players are only pivotal if they represent a bare majority. Under UR,
we have to distinguish between two cases. First all players may be pivotal if every player accepts
the project. Second only one player may be pivotal if he rejects the project and all the other players
accept the project. In all of these cases, all pivotal players choose the same vote.
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where we have taken account of the fact that there are N − 1 other players. This

condition is equivalent to the condition given in the proposition.

2

Proof of Proposition 3.6

The Choice of Project Losers

We need to show that no profitable deviation exists for project winners and project

losers. First, we consider an arbitrary project loser l. Note that l attaches a kindness

of λlil = −1/2 to all other players i 6= l (according to Lemma 3.3). For an A vote

his kindness to all other losers l′ 6= l is κll′ = −1/2 and his kindness to all winners

w is κlw = 1/2. By contrast, an R vote involves a kindness of κll′ = 1/2 to all other

project losers l′ 6= l and a kindness of κlw = −1/2 to all project winners w (according

to Lemma 3.3). Choosing A rather than R then yields higher utility as defined in

equation (2.12) iff

Pl + W ·
(
−1

2

)
·
(

1 +
1

2

)
+ (L − 1) ·

(
−1

2

)
·
(

1 − 1

2

)

≥ W ·
(
−1

2

)
·
(

1 − 1

2

)
+ (L − 1) ·

(
−1

2

)
·
(

1 +
1

2

)
,

(A.7)

where we have used the fact that there are L − 1 fellow project losers. The above

inequality is equivalent to

Pl ≥
1

2
(W − L + 1) . (A.8)

If this condition holds for every project loser l, no profitable deviation exists for project

losers.

The Choice of Project Winners

Second, we examine whether there are profitable deviations for an arbitrary project

winner w. Lemma 3.3 states that w believes all other players i 6= w to be kind

(λwiw = 1/2). If agent w accepts the project, his kindness amounts to 1/2 to all

project winners and −1/2 to all project losers. However, if w rejects the project,
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his kindness amounts to 1/2 to all project losers and to −1/2 to all project winners.

Choosing A yields higher utility (cf. (2.12)) than choosing R iff

Pw + (W − 1) ·
(

1

2

)
·
(

1 +
1

2

)
+ L ·

(
1

2

)
·
(

1 − 1

2

)

≥ (W − 1) ·
(

1

2

)
·
(

1 − 1

2

)
+ L ·

(
1

2

)
·
(

1 +
1

2

)
.

(A.9)

This inequality is equivalent to

Pw ≥ 1

2
(L − W + 1). (A.10)

To sum up, if (A.8) and (A.10) hold, no profitable deviation exists for all players, given

that all players choose A (and given that all players know that all players choose A and

given that all players know that all players know that all players choose A). Therefore,

the additional equilibrium where all players accept the project exists if (A.8) and (A.10)

hold.

2

Proof of Proposition 3.8

In the line with Proposition 3.4, exactly (N + 1)/2 players are pivotal in an additional

equilibrium under MR. The non-pivotal players are indifferent with respect to A and

R and will thus vote for R according to our tie-breaking rule. Hence, in a potential

additional equilibrium the pivotal players must vote for A.

In the following, we derive the conditions ensuring that it is optimal for an arbitrary

pivotal player i to choose A rather than R. Lemma 3.4 implies that player i believes

all other pivotal players j to be unkind (λiji = −1), as they play an inefficient strategy

that is harmful to him. The non-pivotal players k are expected to be neutral (λiki = 0,

again cf. Lemma 3.2). If player i votes for A, then he is very unkind (κij = −1) to

all other pivotal voters j. By contrast, if he votes for R, his kindness to these players

amounts to κij = 0. Taking account of the fact that there are (N − 1)/2 other pivotal

players, it is optimal for a pivotal player i to vote for A iff

Pi +
N − 1

2
· (−1) · (1 − 1) ≥ N − 1

2
· (−1) · (1 + 0), (A.11)
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which is equivalent to

Pi ≥ −N − 1

2
. (A.12)

Hence, if there are (N + 1)/2 players with sufficiently small losses from the project

(Pi ≥ −(N − 1)/2), then an equilibrium exists where these players will accept the

project while the remaining players vote against the adoption of the project.

2

Proof of Proposition 3.10

We now show that there are additional equilibria for MR and CP. According to Propo-

sition 3.4, in any potential additional equilibrium there are (N + 1)/2 pivotal players.

The non-pivotal players are indifferent between voting for A and R. Thus, their choice

is dictated by the tie-breaking rule. Two possibilities arise. First, all non-pivotal play-

ers may vote for R and are project losers accordingly. Second, all non-pivotal players

may vote for A and are project winners accordingly. In the following, we assume that

all non-pivotal players voting are project losers and will vote for R. As a consequence,

all pivotal players vote for A in the candidate additional equilibrium.

Optimal Behavior of Pivotal Project Losers

Note that at least one pivotal player must be a project loser (otherwise the equilibrium

would simply be a standard equilibrium). In the following we analyze the behavior of a

pivotal project loser l. Lemmas 3.2 and 3.3 show that l perceives the non-pivotal players

i to be neutral (λlil = 0) and the other pivotal players j to be unkind (λljl = −1/2). If

player l votes for A, he is unkind to other pivotal project losers i (κli = −1/2), but kind

to pivotal project winners j (κlj = 1/2). If he votes for R, he is kind to other pivotal

project losers i (κli = 1/2), but unkind to pivotal project winners j (κlj = −1/2).

Hence, it is optimal to vote for A rather than R iff

Pl +

(
L − N − 1

2
− 1

)
·
(
−1

2

)
·
(

1 − 1

2

)
+ W ·

(
−1

2

)
·
(

1 +
1

2

)

≥
(

L − N − 1

2
− 1

)
·
(
−1

2

)
·
(

1 +
1

2

)
+ W ·

(
−1

2

)
·
(

1 − 1

2

)
,

(A.13)
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where we have used the fact that there are L − N−1
2

− 1 other pivotal project losers,

because the total number of project losers is given by L and there are (N − 1)/2

non-pivotal project losers and the agent under consideration is also a project loser.

Inequality (A.13) is equivalent to

Pl ≥
1

4
(3W + 1 − L), (A.14)

where we have applied L + W = N .

Optimal Behavior of Pivotal Project Winners

At least one pivotal player must be a project winner, because we are considering CP

and all non-pivotal players are project losers. In the following, we analyze the behavior

of a pivotal project winner w. Lemmas 3.2 and 3.3 reveal that w perceives the non-

pivotal players i to be neutral (λwiw = 0) and the other pivotal players j to be kind

(λwjw = 1/2). If player w votes for A, he is kind to other pivotal project winners i

(κwi = 1/2), but unkind to pivotal project losers j (κwj = −1/2). By contrast, an R

vote implies that he is unkind to other pivotal project winners i (κwi = −1/2), but

kind to pivotal project losers j (κwj = 1/2). Therefore, it is optimal to vote for A

rather than R iff

Pw +

(
L − N − 1

2

)
·
(

1

2

)
·
(

1 − 1

2

)
+ (W − 1) ·

(
1

2

)
·
(

1 +
1

2

)

≥
(

L − N − 1

2

)
·
(

1

2

)
·
(

1 +
1

2

)
+ (W − 1) ·

(
1

2

)
·
(

1 − 1

2

)
,

(A.15)

where we have used the fact that there are L− N−1
2

pivotal project losers, because the

total number of project losers is given by L and there are (N−1)/2 non-pivotal project

losers. Moreover, the number of the other pivotal project winners is W − 1.

Condition (A.15) is equivalent to

Pw ≥ 1

4
(L − 3W + 3), (A.16)

where we have applied L + W = N .

Summing up

Thus, we have shown that an additional equilibrium may exist where (N−1)/2 project

losers vote for R and all remaining agents vote for A. For pivotal project losers condition
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(A.14) must hold and for pivotal project winners (A.16) must be fulfilled.

The proof of the existence of additional equilibria where the non-pivotal agents are

project winners and vote for A is analogous and is therefore omitted.

2
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Proofs for Chapter 4

Proof of Proposition 4.1

We will use backward induction to identify the only subgame-perfect Nash equilibrium

that satisfies TR. Therefore we start by considering the vote in period 2.

Period 2:

First, suppose that the project in period 1 was rejected. If both players choose A in

the second period, then only the project in the second period is implemented, that is,

the overall utility of player 1 (player 2) amounts to −C (B). However, if either of them

or both choose R, then neither of the projects is implemented. In this case, the overall

utility of each player amounts to zero. The utilities of both players are summarized in

the following table:

player 2
A R

A −C, B 0, 0
player 1

R 0, 0 0, 0

First, consider the voting behavior of player 1. If player 2 chooses A, then it is optimal

for player 1 to play R. If player 2 chooses R, then player 1 is indifferent between both

votes. Applying TR yields that he will choose R in this case. Now consider the voting

behavior of player 2. If player 1 chooses A, then it is optimal for player 2 to play A.

If player 1 chooses R, then player 2 is indifferent between both votes. Applying TR
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yields that he will opt for A in this case. Hence, the only solution of the second vote

that satisfies TR is (R, A), i.e. player 1 chooses R, whereas player 2 chooses A. To

sum up: If the project was rejected in the first vote, then the project in the second

vote will also be rejected.

Second, suppose that the project in period 1 was accepted. If both players choose A

in the second period, then both projects are implemented, that is, the overall utility

of each player amounts to B − C. However, if either of them or both choose R, then

only the project in period 1 is implemented. In this case, the overall utility of player

1 (player 2) amounts to B (−C). The utilities of both players are summarized in the

following table:

player 2
A R

A B − C, B − C B,−C
player 1

R B,−C B,−C

First, consider the voting behavior of player 1. If player 2 chooses A, then it is optimal

for player 1 to play R. If player 2 chooses R, then player 1 is indifferent between both

votes. Applying TR yields that he will choose R in this case. Now consider the voting

behavior of player 2. If player 1 chooses A, then it is optimal for player 2 to play A.

If player 1 chooses R, then player 2 is indifferent between both votes. Applying TR

yields that he will choose A in this case. Hence, the only solution of the second vote

that satisfies TR is (R, A). To sum up: If the project was adopted in the first vote,

then the project in the second vote will be rejected.

Period 1:

We now turn to the vote in the first period. We have seen that the project in the second

period will be always rejected. Accordingly, the overall utility of player 1 (player 2)

amounts to B (−C) if both choose A in period 1 and zero if either of them or both

choose R. The utilities of both players are summarized in the following table:

player 2
A R

A B,−C 0, 0
player 1

R 0, 0 0, 0
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First, consider the voting behavior of player 1. If player 2 chooses A, then it is optimal

for player 1 to play A. If player 2 chooses R, then player 1 is indifferent between both

votes. Applying TR yields that he will choose A in this case. Now consider the voting

behavior of player 2. If player 1 chooses A, then it is optimal for player 2 to play R.

If player 1 chooses R, then player 2 is indifferent between both votes. Applying TR

yields that he will choose R in this case. Hence, the only solution of the first vote that

satisfies TR is (A, R). Thus, we have shown that there exists a unique subgame-perfect

Nash equilibrium that satisfies TR where neither of the projects is implemented.

2
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Proof of Proposition 4.2

We now show that a∗
1 = (A, RAA, RAR, RRA, RRR) and a∗

2 = (R, AAA, AAR, ARA, ARR)

represents a reciprocity equilibrium that satisfies TR.

Before we start with our analysis, we note that we cannot use backward induction

to prove the existence of this equilibrium, as the kindness functions κ and λ at some

history h depend on the first-order and the second-order beliefs about the actions

following all histories. Thus, we have to analyze first all possible deviations for both

players in the first period. Second, we have to examine all possible deviations for both

players in the second period for all possible histories.

Deviations in the first period:

We begin by analyzing possible deviations for both players in the first period. We

proceed in three steps. First, we define the strategies that represent deviations of both

players. Second, we present the kindness functions. Then, we show that there are no

possible deviations for both players in the first period (step 3).

1. Strategies representing deviations:

Now we define the following strategies, which represent deviations in the first period:

a′
1 := (R, RAA, RAR, RRA, RRR)

a′
2 := (A, AAA, AAR, ARA, ARR)

2. The kindness functions:

We note that, given b12 = a∗
2, πl1

2 (b12) = 0. Player 2’s payoffs attain their minimal

value, given b12 = a∗
2, if a1 = (A, RAA, RAR, RRA, RRR). Moreover, given b12 = a∗

2,

πh1

2 (b12) = B. These maximum payoffs result from a1 = (R, AAA, AAR, ARA, ARR). For

b12 = a∗
2, we obtain

a1 π2 (a1, b12) πe1

2 (b12) κ̂12 (a1, b12)

a∗
1 0 1

2
B −1

2
B

a′
1 0 1

2
B −1

2
B

Correspondingly, given b21 = a∗
1, πl2

1 (b21) = 0. Player 1’s payoffs attain their minimal

value, given b21 = a∗
1, if a2 = (R, AAA, AAR, ARA, ARR). Moreover, for b21 = a∗

1,
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πh2

1 (b21) = B. These maximum payoffs result from a2 = (A, RAA, RAR, RRA, RRR).

The kindness function κ̂21 (a2, b21) evaluated at b21 = a∗
1 is given in the following table:

a2 π1 (a2, b21) πe2

1 (b21) κ̂21 (a2, b21)

a∗
2 0 1

2
B −1

2
B

a′
2 B 1

2
B +1

2
B

Similarly, we obtain that λ̂121 (b12, c121) evaluated at b12 = a∗
2 and c121 = a∗

1 is

λ̂121 = −1

2
B.

and λ̂212 (b21, c212) evaluated at b21 = a∗
1 and c212 = a∗

2 is

λ̂212 = −1

2
B.

3. Comparison of utilities:

Now we check whether a′
1 and a′

2 represent profitable deviations in the first period. We

begin by comparing 1’s utility for a∗
1 and a′

1. The material payoff π1 (a1, b12) evaluated

at b12 = a∗
2 is given by

π1 =

{
0 for a1 = a∗

1

0 for a1 = a′
1.

Using this result and the expressions for the kindness functions given in the previous

step, we obtain that, given b12 = a∗
2 and c121 = a∗

1, the overall utility of player 1 is

Û1 =

{
0 + Y ·

(
−1

2
B

)
·
(
−1

2
B

)
for a1 = a∗

1

0 + Y ·
(
−1

2
B

)
·
(
−1

2
B

)
for a1 = a′

1.

Comparing both utilities shows that player 1 is indifferent between both strategies.

Thus, he will play a1 = a∗
1 according to our tie-breaking rule.

Now we turn to a comparison of player 2’s utility for a∗
2 and a′

2. The material payoff

π2 (a2, b21) evaluated at b21 = a∗
1 is given by

π2 =

{
0 for a2 = a∗

2

−C for a2 = a′
2.

Given b21 = a∗
1 and c212 = a∗

2, the overall utility of player 2 is

Û2 =

{
0 + Y ·

(
−1

2
B

)
·
(
−1

2
B

)
for a2 = a∗

2

−C + Y ·
(
−1

2
B

)
· 1

2
B for a2 = a′

2.

Comparing both utilities shows that deviating by playing a′
2 is not profitable for player

2.

Thus, no profitable deviations exist for both players in the first period.
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Deviations in the second period:

Now we consider possible deviations in the second period for both players and for all

possible histories, i.e. for h = (A, A), h = (A, R), h = (R, A) and h = (R, R). We

consider these histories separately. For each history the procedure is the same as in the

first period. First, we define the strategies that represent deviations of both players.

Second, we present the kindness functions. Then, we show that there are no possible

deviations in the second period for both players.

History h = (A, A):

First, consider the history h = (A, A). The updated strategies a∗
1(h) and a∗

2(h) for

h = (A, A) are given by a∗
1(A, A) = a∗

1 and a∗
2(A, A) = (A, AAA, AAR, ARA, ARR). The

updated first-order and second-order beliefs are given by b12 = c212 = a∗
2(A, A) and

b21 = c121 = a∗
1.

1. Strategies representing deviations:

Now we define the following strategies a′
1(h) and a′

2(h), which represent deviations in

the second period for h = (A, A):

a′
1(A, A) := (A, AAA, RAR, RRA, RRR)

a′
2(A, A) := (A, RAA, AAR, ARA, ARR)

2. The kindness functions:

We note that, given b12 = a∗
2(A, A), πl1

2 (b12) = −C. Player 2’s payoffs attain their

minimal value, given b12 = a∗
2(A, A), if a1 = (A, RAA, RAR, RRA, RRR). Moreover,

given b12 = a∗
2(A, A), πh1

2 (b12) = B. These maximum payoffs result from a1 =

(R, AAA, AAR, ARA, ARR). For b12 = a∗
2(A, A), we obtain

a1 π2 (a1, b12) πe1

2 (b12) κ̂12 (a1, b12)

a∗
1 −C 1

2
(B − C) −1

2
(B + C)

a′
1(A, A) B − C 1

2
(B − C) +1

2
(B − C)

Correspondingly, given b21 = a∗
1, πl2

1 (b21) = 0. Player 1’s payoffs attain their minimal

value, given b21 = a∗
1, if a2 = (R, AAA, AAR, ARA, ARR). Moreover, for b21 = a∗

1,

πh2

1 (b21) = B. These maximum payoffs result from a2 = (A, RAA, RAR, RRA, RRR).

The kindness function κ̂21 (a2, b21) evaluated at b21 = a∗
1 is given in the following table:
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a2 π1 (a2, b21) πe2

1 (b21) κ̂21 (a2, b21)

a∗
2(A, A) B 1

2
B +1

2
B

a′
2(A, A) B 1

2
B +1

2
B

Similarly, we obtain that λ̂121 (b12, c121) evaluated at b12 = a∗
2(A, A) and c121 = a∗

1 is

λ̂121 =
1

2
B.

and λ̂212 (b21, c212) evaluated at b21 = a∗
1 and c212 = a∗

2(A, A) is

λ̂212 = −1

2
(B + C).

3. Comparison of utilities:

Now we check whether a′
1(A, A) and a′

2(A, A) represent profitable deviations in the

second period if the history is h = (A, A). We begin by comparing 1’s utility for a∗
1

and a′
1(A, A). The material payoff π1 (a1, b12) evaluated at b12 = a∗

2(A, A) is given by

π1 =

{
B for a1 = a∗

1

B − C for a1 = a′
1(A, A).

Using this result and the expressions for the kindness functions given in the previous

step, we obtain that, given b12 = a∗
2(A, A) and c121 = a∗

1, the overall utility of player 1

is

Û1 =

{
B + Y · 1

2
B ·

(
−1

2
(B + C)

)
for a1 = a∗

1

B − C + Y · 1
2
B ·

(
1
2
(B − C)

)
for a1 = a′

1(A, A).

Comparing both utilities shows that deviating by playing a′
1(A, A) is not profitable for

player 1 if Y ≤ 2C
B2 .

Now we turn to a comparison of player 2’s utility for a∗
2(A, A) and a′

2(A, A). The

material payoff π2 (a2, b21) evaluated at b21 = a∗
1 is given by

π2 =

{
−C for a2 = a∗

2(A, A)

−C for a2 = a′
2(A, A).

Given b21 = a∗
1 and c212 = a∗

2(A, A), the overall utility of player 2 is

Û2 =

{
−C + Y ·

(
−1

2
(B + C)

)
· 1

2
B for a2 = a∗

2(A, A)

−C + Y ·
(
−1

2
(B + C)

)
· 1

2
B for a2 = a′

2(A, A).

Comparing both utilities shows that player 2 is indifferent between both strategies.

Thus, he will play a2 = a∗
2(A, A) according to our tie-breaking rule.
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History h = (A, R):

Second, consider the history h = (A, R). For h = (A, R), the updated strategies a∗
1(h)

and a∗
2(h) for h = (A, R) are given by a∗

1(A, R) = a∗
1 and a∗

2(A, R) = a∗
2. The updated

first-order and second-order beliefs are given by b12 = c212 = a∗
2 and b21 = c121 = a∗

1.

1. Strategies representing deviations:

Now we define the following strategies a′
1(h) and a′

2(h), which represent deviations in

the second period for h = (A, R):

a′
1(A, R) := (A, RAA, AAR, RRA, RRR)

a′
2(A, R) := (R, AAA, RAR, ARA, ARR)

2. The kindness functions:

We note that, given b12 = a∗
2, πl1

2 (b12) = 0. Player 2’s payoffs attain their minimal

value, given b12 = a∗
2, if a1 = (A, RAA, RAR, RRA, RRR). Moreover, given b12 = a∗

2,

πh1

2 (b12) = B. These maximum payoffs result from a1 = (R, AAA, AAR, ARA, ARR). For

b12 = a∗
2, we obtain

a1 π2 (a1, b12) πe1

2 (b12) κ̂12 (a1, b12)

a∗
1 0 1

2
B −1

2
B

a′
1(A, R) B 1

2
B +1

2
B

Correspondingly, given b21 = a∗
1, πl2

1 (b21) = 0. Player 1’s payoffs attain their minimal

value, given b21 = a∗
1, if a2 = (R, AAA, AAR, ARA, ARR). Moreover, for b21 = a∗

1,

πh2

1 (b21) = B. These maximum payoffs result from a2 = (A, RAA, RAR, RRA, RRR).

The kindness function κ̂21 (a2, b21) evaluated at b21 = a∗
1 is given in the following table:

a2 π1 (a2, b21) πe2

1 (b21) κ̂21 (a2, b21)

a∗
2 0 1

2
B −1

2
B

a′
2(A, R) 0 1

2
B −1

2
B

Similarly, we obtain that λ̂121 (b12, c121) evaluated at b12 = a∗
2 and c121 = a∗

1 is

λ̂121 = −1

2
B.

and λ̂212 (b21, c212) evaluated at b21 = a∗
1 and c212 = a∗

2 is

λ̂212 = −1

2
B.
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3. Comparison of utilities:

Now we check whether a′
1(A, R) and a′

2(A, R) represent profitable deviations in the

second period if the history is h = (A, R). We begin by comparing 1’s utility for a∗
1

and a′
1(A, R). The material payoff π1 (a1, b12) evaluated at b12 = a∗

2 is given by

π1 =

{
0 for a1 = a∗

1

−C for a1 = a′
1(A, R).

Using this result and the expressions for the kindness functions given in the previous

step, we obtain that, given b12 = a∗
2 and c121 = a∗

1, the overall utility of player 1 is

Û1 =

{
0 + Y ·

(
−1

2
B

)
·
(
−1

2
B

)
for a1 = a∗

1

−C + Y ·
(
−1

2
B

)
· 1

2
B for a1 = a′

1(A, R).

Comparing both utilities shows that deviating by playing a′
1(A, R) is not profitable for

player 1.

Now we turn to a comparison of player 2’s utility for a∗
2 and a′

2(A, R). The material

payoff π2 (a2, b21) evaluated at b21 = a∗
1 is given by

π2 =

{
0 for a2 = a∗

2

0 for a2 = a′
2(A, R).

Given b21 = a∗
1 and c212 = a∗

2, the overall utility of player 2 is

Û2 =

{
0 + Y ·

(
−1

2
B

)
·
(
−1

2
B

)
for a2 = a∗

2

0 + Y ·
(
−1

2
B

)
·
(
−1

2
B

)
for a2 = a′

2(A, R).

Comparing both utilities shows that player 2 is indifferent between both strategies.

Thus, he will play a2 = a∗
2 according to our tie-breaking rule.

History h = (R, A):

Third, consider the history h = (R, A). For h = (R, A), the updated strategies

a∗
1(h) and a∗

2(h) are given by a∗
1(R, A) = (R, RAA, RAR, RRA, RRR) and a∗

2(R, A) =

(A, AAA, AAR, ARA, ARR). The updated first-order and second-order beliefs are given

by b12 = c212 = a∗
2(R, A) and b21 = c121 = a∗

1(R, A).
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1. Strategies representing deviations:

Now we define the following strategies, which represent deviations in the second period

for h = (R, A):

a′
1(R, A) := (R, RAA, RAR, ARA, RRR)

a′
2(R, A) := (A, AAA, AAR, RRA, ARR)

2. The kindness functions:

We note that, given b12 = a∗
2(R, A), πl1

2 (b12) = −C. Player 2’s payoffs attain their

minimal value, given b12 = a∗
2(R, A), if a1 = (A, RAA, RAR, RRA, RRR). Moreover,

given b12 = a∗
2(R, A), πh1

2 (b12) = B. These maximum payoffs result from a1 =

(R, AAA, AAR, ARA, ARR). For b12 = a∗
2(R, A), we obtain

a1 π2 (a1, b12) πe1

2 (b12) κ̂12 (a1, b12)

a∗
1(R, A) 0 1

2
(B − C) −1

2
(B − C)

a′
1(R, A) B 1

2
(B − C) +1

2
(B + C)

Correspondingly, given b21 = a∗
1(R, A), πl2

1 (b21) = 0. Player 1’s payoffs attain their

minimal value, given b21 = a∗
1(R, A), if a2 = (R, AAA, AAR, ARA, ARR). Moreover, for

b21 = a∗
1(R, A), πh2

1 (b21) = 0. These maximum payoffs result from

a2 = (A, RAA, RAR, RRA, RRR). The kindness function κ̂21 (a2, b21) evaluated at b21 =

a∗
1(R, A) is given in the following table:

a2 π1 (a2, b21) πe2

1 (b21) κ̂21 (a2, b21)

a∗
2(R, A) 0 0 0

a′
2(R, A) 0 0 0

Similarly, we obtain that λ̂121 (b12, c121) evaluated at b12 = a∗
2(R, A) and c121 = a∗

1(R, A)

is

λ̂121 = 0.

and λ̂212 (b21, c212) evaluated at b21 = a∗
1(R, A) and c212 = a∗

2(R, A) is

λ̂212 = −1

2
(B − C).

3. Comparison of utilities:

Now we check whether a′
1(R, A) and a′

2(R, A) represent profitable deviations in the

second period if the history is h = (R, A). We begin by comparing 1’s utility for
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a∗
1(R, A) and a′

1(R, A). The material payoff π1 (a1, b12) evaluated at b12 = a∗
2(R, A) is

given by

π1 =

{
0 for a1 = a∗

1(R, A)

−C for a1 = a′
1(R, A).

Using this result and the expressions for the kindness functions given in the previous

step, we obtain that, given b12 = a∗
2(R, A) and c121 = a∗

1(R, A), the overall utility of

player 1 is

Û1 =

{
0 + Y · 0 ·

(
−1

2
(B − C)

)
for a1 = a∗

1(R, A)

−C + Y · 0 · 1
2
(B + C) for a1 = a′

1(R, A).

Comparing both utilities shows that deviating by playing a′
1(R, A) is not profitable for

player 1.

Now we turn to a comparison of player 2’s utility for a∗
2(R, A) and a′

2(R, A). The

material payoff π2 (a2, b21) evaluated at b21 = a∗
1(R, A) is given by

π2 =

{
0 for a2 = a∗

2(R, A)

0 for a2 = a′
2(R, A).

Given b21 = a∗
1(R, A) and c212 = a∗

2(R, A), the overall utility of player 2 is

Û2 =

{
0 + Y ·

(
−1

2
(B − C)

)
· 0 for a2 = a∗

2(R, A)

0 + Y ·
(
−1

2
(B − C)

)
· 0 for a2 = a′

2(R, A).

Comparing both utilities shows that player 2 is indifferent between both strategies.

Thus, he will play a2 = a∗
2(R, A) according to our tie-breaking rule.

Finally, we have to check the deviations following history h = (R, R). However, we

omit the analysis for this history, as it is straightforward to verify that no profitable

deviation exists for h = (R, R) if no profitable deviation exists for h = (R, A).

Thus, if Y ≤ 2C
B2 , no profitable deviations in the second period exist for both players

and for all possible histories. Hence, (a∗
1, a

∗
2) represents a reciprocity equilibrium.

2
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Proof of Proposition 4.3

We now show that a∗
1 = (A, AAA, RAR, RRA, RRR) and a∗

2 = (R, AAA, AAR, ARA, ARR)

represents a reciprocity equilibrium that satisfies TR. The procedure to prove the

existence of this equilibrium is the same as in the proof of Proposition 4.2.

Deviations in the first period:

We begin by analyzing possible deviations for both players in the first period.

1. Strategies representing deviations:

Now we define the following strategies, which represent deviations in the first period:

a′
1 := (R, AAA, RAR, RRA, RRR)

a′
2 := (A, AAA, AAR, ARA, ARR)

2. The kindness functions:

We note that, given b12 = a∗
2, πl1

2 (b12) = 0. Player 2’s payoffs attain their minimal

value, given b12 = a∗
2, if a1 = (A, RAA, RAR, RRA, RRR). Moreover, given b12 = a∗

2,

πh1

2 (b12) = B. These maximum payoffs result from a1 = (R, AAA, AAR, ARA, ARR). For

b12 = a∗
2, we obtain

a1 π2 (a1, b12) πe1

2 (b12) κ̂12 (a1, b12)

a∗
1 0 1

2
B −1

2
B

a′
1 0 1

2
B −1

2
B

Correspondingly, given b21 = a∗
1, πl2

1 (b21) = 0. Player 1’s payoffs attain their minimal

value, given b21 = a∗
1, if a2 = (R, AAA, AAR, ARA, ARR). Moreover, for b21 = a∗

1,

πh2

1 (b21) = B. These maximum payoffs result from a2 = (A, RAA, RAR, RRA, RRR).

The kindness function κ̂21 (a2, b21) evaluated at b21 = a∗
1 is given in the following table:

a2 π1 (a2, b21) πe2

1 (b21) κ̂21 (a2, b21)

a∗
2 0 1

2
B −1

2
B

a′
2 B − C 1

2
B +1

2
(B − 2C)

Similarly, we obtain that λ̂121 (b12, c121) evaluated at b12 = a∗
2 and c121 = a∗

1 is

λ̂121 = −1

2
B.
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and λ̂212 (b21, c212) evaluated at b21 = a∗
1 and c212 = a∗

2 is

λ̂212 = −1

2
B.

3. Comparison of utilities:

Now we check whether a′
1 and a′

2 represent profitable deviations in the first period. We

begin by comparing 1’s utility for a∗
1 and a′

1. The material payoff π1 (a1, b12) evaluated

at b12 = a∗
2 is given by

π1 =

{
0 for a1 = a∗

1

0 for a1 = a′
1.

Using this result and the expressions for the kindness functions given in the previous

step, we obtain that, given b12 = a∗
2 and c121 = a∗

1, the overall utility of player 1 is

Û1 =

{
0 + Y ·

(
−1

2
B

)
·
(
−1

2
B

)
for a1 = a∗

1

0 + Y ·
(
−1

2
B

)
·
(
−1

2
B

)
for a1 = a′

1.

Comparing both utilities shows that player 1 is indifferent between both strategies.

Thus, he will play a1 = a∗
1 according to our tie-breaking rule.

Now we turn to a comparison of player 2’s utility for a∗
2 and a′

2. The material payoff

π2 (a2, b21) evaluated at b21 = a∗
1 is given by

π2 =

{
0 for a2 = a∗

2

B − C for a2 = a′
2.

Given b21 = a∗
1 and c212 = a∗

2, the overall utility of player 2 is

Û2 =

{
0 + Y ·

(
−1

2
B

)
·
(
−1

2
B

)
for a2 = a∗

2

B − C + Y ·
(
−1

2
B

)
· 1

2
(B − 2C) for a2 = a′

2.

Comparing both utilities shows that deviating by playing a′
2 is not profitable for player

2 if Y ≥ 2/B.

Thus, for Y ≥ 2/B no profitable deviations exist for both players in the first period.

Deviations in the second period:

Now we consider possible deviations in the second period for both players and for all

possible histories, i.e. for h = (A, A), h = (A, R), h = (R, A) and h = (R, R).
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History h = (A, A):

First, consider the history h = (A, A). The updated strategies a∗
1(h) and a∗

2(h) for

h = (A, A) are given by a∗
1(A, A) = a∗

1 and a∗
2(A, A) = (A, AAA, AAR, ARA, ARR). The

updated first-order and second-order beliefs are given by b12 = c212 = a∗
2(A, A) and

b21 = c121 = a∗
1.

1. Strategies representing deviations:

Now we define the following strategies a′
1(h) and a′

2(h), which represent deviations in

the second period for h = (A, A):

a′
1(A, A) := (A, RAA, RAR, RRA, RRR)

a′
2(A, A) := (A, RAA, AAR, ARA, ARR)

2. The kindness functions:

We note that, given b12 = a∗
2(A, A), πl1

2 (b12) = −C. Player 2’s payoffs attain their

minimal value, given b12 = a∗
2(A, A), if a1 = (A, RAA, RAR, RRA, RRR). Moreover,

given b12 = a∗
2(A, A), πh1

2 (b12) = B. These maximum payoffs result from a1 =

(R, AAA, AAR, ARA, ARR). For b12 = a∗
2(A, A), we obtain

a1 π2 (a1, b12) πe1

2 (b12) κ̂12 (a1, b12)

a∗
1 B − C 1

2
(B − C) +1

2
(B − C)

a′
1(A, A) −C 1

2
(B − C) −1

2
(B + C)

Correspondingly, given b21 = a∗
1, πl2

1 (b21) = 0. Player 1’s payoffs attain their minimal

value, given b21 = a∗
1, if a2 = (R, AAA, AAR, ARA, ARR). Moreover, for b21 = a∗

1,

πh2

1 (b21) = B. These maximum payoffs result from a2 = (A, RAA, RAR, RRA, RRR).

The kindness function κ̂21 (a2, b21) evaluated at b21 = a∗
1 is given in the following table:

a2 π1 (a2, b21) πe2

1 (b21) κ̂21 (a2, b21)

a∗
2(A, A) B − C 1

2
B +1

2
(B − 2C)

a′
2(A, A) B 1

2
B +1

2
B

Similarly, we obtain that λ̂121 (b12, c121) evaluated at b12 = a∗
2(A, A) and c121 = a∗

1 is

λ̂121 =
1

2
(B − 2C).

and λ̂212 (b21, c212) evaluated at b21 = a∗
1 and c212 = a∗

2(A, A) is

λ̂212 =
1

2
(B − C).
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3. Comparison of utilities:

Now we check whether a′
1(A, A) and a′

2(A, A) represent profitable deviations in the

second period if the history is h = (A, A). We begin by comparing 1’s utility for a∗
1

and a′
1(A, A). The material payoff π1 (a1, b12) evaluated at b12 = a∗

2(A, A) is given by

π1 =

{
B − C for a1 = a∗

1

B for a1 = a′
1(A, A).

Using this result and the expressions for the kindness functions given in the previous

step, we obtain that, given b12 = a∗
2(A, A) and c121 = a∗

1, the overall utility of player 1

is

Û1 =

{
B − C + Y · 1

2
(B − 2C) · 1

2
(B − C) for a1 = a∗

1

B + Y · 1
2
(B − 2C) ·

(
−1

2
(B + C)

)
for a1 = a′

1(A, A).

Comparing both utilities shows that deviating by playing a′
1(A, A) is not profitable for

player 1 if Y ≥ 2C
B(B−2C)

.

Now we turn to a comparison of player 2’s utility for a∗
2(A, A) and a′

2(A, A). The

material payoff π2 (a2, b21) evaluated at b21 = a∗
1 is given by

π2 =

{
B − C for a2 = a∗

2(A, A)

−C for a2 = a′
2(A, A).

Given b21 = a∗
1 and c212 = a∗

2(A, A), the overall utility of player 2 is

Û2 =

{
B − C + Y · 1

2
(B − C) · 1

2
(B − 2C) for a2 = a∗

2(A, A)

−C + Y · 1
2
(B − C) · 1

2
B for a2 = a′

2(A, A).

Comparing both utilities shows that deviating by playing a′
2(A, A) is not profitable for

player 2 if Y ≤ 2B
C(B−C)

.

History h = (A, R):

Second, consider the history h = (A, R). For h = (A, R), the updated strategies a∗
1(h)

and a∗
2(h) for h = (A, R) are given by a∗

1(A, R) = a∗
1 and a∗

2(A, R) = a∗
2. The updated

first-order and second-order beliefs are given by b12 = c212 = a∗
2 and b21 = c121 = a∗

1.

1. Strategies representing deviations:

Now we define the following strategies a′
1(h) and a′

2(h), which represent deviations in
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the second period for h = (A, R):

a′
1(A, R) := (A, AAA, AAR, RRA, RRR)

a′
2(A, R) := (R, AAA, RAR, ARA, ARR)

2. The kindness functions:

We note that, given b12 = a∗
2, πl1

2 (b12) = 0. Player 2’s payoffs attain their minimal

value, given b12 = a∗
2, if a1 = (A, RAA, RAR, RRA, RRR). Moreover, given b12 = a∗

2,

πh1

2 (b12) = B. These maximum payoffs result from a1 = (R, AAA, AAR, ARA, ARR). For

b12 = a∗
2, we obtain

a1 π2 (a1, b12) πe1

2 (b12) κ̂12 (a1, b12)

a∗
1 0 1

2
B −1

2
B

a′
1(A, R) B 1

2
B +1

2
B

Correspondingly, given b21 = a∗
1, πl2

1 (b21) = 0. Player 1’s payoffs attain their minimal

value, given b21 = a∗
1, if a2 = (R, AAA, AAR, ARA, ARR). Moreover, for b21 = a∗

1,

πh2

1 (b21) = B. These maximum payoffs result from a2 = (A, RAA, RAR, RRA, RRR).

The kindness function κ̂21 (a2, b21) evaluated at b21 = a∗
1 is given in the following table:

a2 π1 (a2, b21) πe2

1 (b21) κ̂21 (a2, b21)

a∗
2 0 1

2
B −1

2
B

a′
2(A, R) 0 1

2
B −1

2
B

Similarly, we obtain that λ̂121 (b12, c121) evaluated at b12 = a∗
2 and c121 = a∗

1 is

λ̂121 = −1

2
B.

and λ̂212 (b21, c212) evaluated at b21 = a∗
1 and c212 = a∗

2 is

λ̂212 = −1

2
B.

3. Comparison of utilities:

Now we check whether a′
1(A, R) and a′

2(A, R) represent profitable deviations in the

second period if the history is h = (A, R). We begin by comparing 1’s utility for a∗
1

and a′
1(A, R). The material payoff π1 (a1, b12) evaluated at b12 = a∗

2 is given by

π1 =

{
0 for a1 = a∗

1

−C for a1 = a′
1(A, R).
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Using this result and the expressions for the kindness functions given in the previous

step, we obtain that, given b12 = a∗
2 and c121 = a∗

1, the overall utility of player 1 is

Û1 =

{
0 + Y ·

(
−1

2
B

)
·
(
−1

2
B

)
for a1 = a∗

1

−C + Y ·
(
−1

2
B

)
· 1

2
B for a1 = a′

1(A, R).

Comparing both utilities shows that deviating by playing a′
1(A, R) is not profitable for

player 1.

Now we turn to a comparison of player 2’s utility for a∗
2 and a′

2(A, R). The material

payoff π2 (a2, b21) evaluated at b21 = a∗
1 is given by

π2 =

{
0 for a2 = a∗

2

0 for a2 = a′
2(A, R).

Given b21 = a∗
1 and c212 = a∗

2, the overall utility of player 2 is

Û2 =

{
0 + Y ·

(
−1

2
B

)
·
(
−1

2
B

)
for a2 = a∗

2

0 + Y ·
(
−1

2
B

)
·
(
−1

2
B

)
for a2 = a′

2(A, R).

Comparing both utilities shows that player 2 is indifferent between both strategies.

Thus, he will play a2 = a∗
2 according to our tie-breaking rule.

History h = (R, A):

Third, consider the history h = (R, A). For h = (R, A), the updated strategies

a∗
1(h) and a∗

2(h) are given by a∗
1(R, A) = (R, AAA, RAR, RRA, RRR) and a∗

2(R, A) =

(A, AAA, AAR, ARA, ARR). The updated first-order and second-order beliefs are given

by b12 = c212 = a∗
2(R, A) and b21 = c121 = a∗

1(R, A).

1. Strategies representing deviations:

Now we define the following strategies, which represent deviations in the second period

for h = (R, A):

a′
1(R, A) := (R, AAA, RAR, ARA, RRR)

a′
2(R, A) := (A, AAA, AAR, RRA, ARR)

2. The kindness functions:

We note that, given b12 = a∗
2(R, A), πl1

2 (b12) = −C. Player 2’s payoffs attain their

minimal value, given b12 = a∗
2(R, A), if a1 = (A, RAA, RAR, RRA, RRR). Moreover,

136



Appendix B. Proofs for Chapter 4

given b12 = a∗
2(R, A), πh1

2 (b12) = B. These maximum payoffs result from a1 =

(R, AAA, AAR, ARA, ARR). For b12 = a∗
2(R, A), we obtain

a1 π2 (a1, b12) πe1

2 (b12) κ̂12 (a1, b12)

a∗
1(R, A) 0 1

2
(B − C) −1

2
(B − C)

a′
1(R, A) B 1

2
(B − C) +1

2
(B + C)

Correspondingly, given b21 = a∗
1(R, A), πl2

1 (b21) = 0. Player 1’s payoffs attain their min-

imal value, given b21 = a∗
1(R, A), if a2 = (R, AAA, AAR, ARA, ARR). Moreover, for b21 =

a∗
1(R, A), πh2

1 (b21) = 0. These maximum payoffs result from

a2 = (A, RAA, RAR, RRA, RRR). The kindness function κ̂21 (a2, b21) evaluated at b21 =

a∗
1(R, A) is given in the following table:

a2 π1 (a2, b21) πe2

1 (b21) κ̂21 (a2, b21)

a∗
2(R, A) 0 0 0

a′
2(R, A) 0 0 0

Similarly, we obtain that λ̂121 (b12, c121) evaluated at b12 = a∗
2(R, A) and c121 = a∗

1(R, A)

is

λ̂121 = 0.

and λ̂212 (b21, c212) evaluated at b21 = a∗
1(R, A) and c212 = a∗

2(R, A) is

λ̂212 = −1

2
(B − C).

3. Comparison of utilities:

Now we check whether a′
1(R, A) and a′

2(R, A) represent profitable deviations in the

second period if the history is h = (R, A). We begin by comparing 1’s utility for

a∗
1(R, A) and a′

1(R, A). The material payoff π1 (a1, b12) evaluated at b12 = a∗
2(R, A) is

given by

π1 =

{
0 for a1 = a∗

1(R, A)

−C for a1 = a′
1(R, A).

Using this result and the expressions for the kindness functions given in the previous

step, we obtain that, given b12 = a∗
2(R, A) and c121 = a∗

1(R, A), the overall utility of

player 1 is

Û1 =

{
0 + Y · 0 ·

(
−1

2
(B − C)

)
for a1 = a∗

1(R, A)

−C + Y · 0 · 1
2
(B + C) for a1 = a′

1(R, A).
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Comparing both utilities shows that deviating by playing a′
1(R, A) is not profitable for

player 1.

Now we turn to a comparison of player 2’s utility for a∗
2(R, A) and a′

2(R, A). The

material payoff π2 (a2, b21) evaluated at b21 = a∗
1(R, A) is given by

π2 =

{
0 for a2 = a∗

2(R, A)

0 for a2 = a′
2(R, A).

Given b21 = a∗
1(R, A) and c212 = a∗

2(R, A), the overall utility of player 2 is

Û2 =

{
0 + Y ·

(
−1

2
(B − C)

)
· 0 for a2 = a∗

2(R, A)

0 + Y ·
(
−1

2
(B − C)

)
· 0 for a2 = a′

2(R, A).

Comparing both utilities shows that player 2 is indifferent between both strategies.

Thus, he will play a2 = a∗
2(R, A) according to our tie-breaking rule.

Finally, we have to check the deviations following history h = (R, R). However, we

omit the analysis for this history, as it is straightforward to verify that no profitable

deviation exists for h = (R, R) if no profitable deviation exists for h = (R, A).

Thus, for 2C
B(B−2C)

≤ Y ≤ 2B
C(B−C)

, no profitable deviations in the second period exist

for both players and for all possible histories. Hence, (a∗
1, a

∗
2) represents a reciprocity

equilibrium that satisfies TR if 2C
B(B−2C)

≤ Y ≤ 2B
C(B−C)

.

2
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Proof of Proposition 4.4

We now show that a∗
1 = (A, AAA, RAR, RRA, RRR) and a∗

2 = (A, AAA, AAR, ARA, ARR)

represents a reciprocity equilibrium that satisfies TR. Again, the procedure to prove

the existence of this equilibrium is the same as in the proof of Proposition 4.2.

Deviations in the first period:

We now show that there are no profitable deviations for both players in the first period.

1. Strategies representing deviations:

Now we define the following strategies, which represent deviations in the first period:

a′
1 := (R, AAA, RAR, RRA, RRR)

a′
2 := (R, AAA, AAR, ARA, ARR)

2. The kindness functions:

We note that, given b12 = a∗
2, πl1

2 (b12) = −C. Player 2’s payoffs attain their minimal

value, given b12 = a∗
2, if a1 = (A, RAA, RAR, RRA, RRR). Moreover, given b12 = a∗

2,

πh1

2 (b12) = B. These maximum payoffs result from a1 = (R, AAA, AAR, ARA, ARR). For

b12 = a∗
2, we obtain

a1 π2 (a1, b12) πe1

2 (b12) κ̂12 (a1, b12)

a∗
1 B − C 1

2
(B − C) +1

2
(B − C)

a′
1 0 1

2
(B − C) −1

2
(B − C)

Correspondingly, given b21 = a∗
1, πl2

1 (b21) = 0. Player 1’s payoffs attain their minimal

value, given b21 = a∗
1, if a2 = (R, AAA, AAR, ARA, ARR). Moreover, for b21 = a∗

1,

πh2

1 (b21) = B. These maximum payoffs result from a2 = (A, RAA, RAR, RRA, RRR).

The kindness function κ̂21 (a2, b21) evaluated at b21 = a∗
1 is given in the following table:

a2 π1 (a2, b21) πe2

1 (b21) κ̂21 (a2, b21)

a∗
2 B − C 1

2
B +1

2
(B − 2C)

a′
2 0 1

2
B −1

2
B

Similarly, we obtain that λ̂121 (b12, c121) evaluated at b12 = a∗
2 and c121 = a∗

1 is

λ̂121 = +
1

2
(B − 2C).
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and λ̂212 (b21, c212) evaluated at b21 = a∗
1 and c212 = a∗

2 is

λ̂212 = +
1

2
(B − C).

3. Comparison of utilities:

Now we check whether a′
1 and a′

2 represent profitable deviations in the first period. We

begin by comparing 1’s utility for a∗
1 and a′

1. The material payoff π1 (a1, b12) evaluated

at b12 = a∗
2 is given by

π1 =

{
B − C for a1 = a∗

1

0 for a1 = a′
1.

Using this result and the expressions for the kindness functions given in the previous

step, we obtain that, given b12 = a∗
2 and c121 = a∗

1, the overall utility of player 1 is

Û1 =

{
B − C + Y · 1

2
(B − 2C) · 1

2
(B − C) for a1 = a∗

1

0 + Y · 1
2
(B − 2C) ·

(
−1

2
(B − C)

)
for a1 = a′

1.

Comparing both utilities shows that deviating by playing a′
1 is not profitable for player

1.

Now we turn to a comparison of player 2’s utility for a∗
2 and a′

2. The material payoff

π2 (a2, b21) evaluated at b21 = a∗
1 is given by

π2 =

{
B − C for a2 = a∗

2

0 for a2 = a′
2.

Given b21 = a∗
1 and c212 = a∗

2, the overall utility of player 2 is

Û2 =

{
B − C + Y · 1

2
(B − C) · 1

2
(B − 2C) for a2 = a∗

2

0 + Y · 1
2
(B − C) ·

(
−1

2
B

)
for a2 = a′

2.

Comparing both utilities shows that deviating by playing a′
2 is not profitable for player

2.

Deviations in the second period:

The analysis of the optimal voting behavior of both players in the second period

is identical to the analysis presented in the proof of Proposition 4.3 and is there-

fore omitted. Hence, (a∗
1, a

∗
2) represents a reciprocity equilibrium that satisfies TR if

2C
B(B−2C)

≤ Y ≤ 2B
C(B−C)

.

2
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Proof of Proposition 5.1

Suppose that the project is adopted. For s ≤ 1
2
, the utility of player 1 is given by

U1 = sB − α

2
((1 − s)B − sB)

= sB − α

2
(1 − 2s)B.

and the utility of player 2 is given by

U2 = (1 − s)B.

Finally, the utility of player 3 amounts to

U3 = −C − α

2
(sB + C + (1 − s)B + C)

= −C − α

2
(B + 2C).

Summing up of U1, U2 and U3 yields

B − C − α((1 − s)B + C). (C.1)

The project is socially efficient, i.e. (C.1) is weakly positive if and only if

s ≥ α(B + C) − (B − C)

αB
=: s

holds. For s ≥ 1
2

the analysis is analogous and therefore omitted. In this case, the

project is socially efficient if and only if

s ≤ B − C(1 + α)

αB
=: s
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holds. We now derive the condition for α under which all projects are efficient, i.e.

s = 0 and s = 1. It is given by

0 ≤ α ≤ B − C

B + C
=: α.

Next we derive the condition for α under which all project are inefficient. All projects

are inefficient, i.e. s > 1
2

and s < 1
2
, iff

α :=
2(B − C)

B + 2C
< α

holds. Note that α < α. Finally, for the intermediate case where α < α ≤ α a project

is efficient if and only if s < s ≤ s holds.

2

Proof of Proposition 5.2

We now show that under the majority rule, only one subgame-perfect Nash equilibrium

exists that satisfies TR 1 and TR 2. In equilibrium, player 1 proposes s∗ = 2+α
2(1+α)

. At

the voting stage, players 1 and 2 play A and player 3 plays R.

Second Stage:

We begin our analysis with the second stage of the voting game. First, consider a

proposal where s < 1
2
. For s < 1

2
, player 1’s utility amounts to

U1 = sB − α

2
(1 − 2s)B

if the proposal is adopted and zero otherwise. Hence, player 1 will play A if and only

if

s ≥ α

2(1 + α)
.

Now consider the voting behavior of player 2. His utility amounts to

U2 = (1 − s)B > 0

if the proposal is adopted and zero otherwise. Hence, player 2 will play A if s < 1
2
.

Finally, consider the voting behavior of player 3. Player 3’s utility amounts to

U3 = −C − α

2
(B + 2C) < 0
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if the proposal is adopted and zero otherwise. Hence, player 3 will play R if s < 1
2
.

Second, consider a proposal where s ≥ 1
2
. For s ≥ 1

2
, player 1’s utility amounts to

U1 = sB > 0

if the proposal is adopted and zero otherwise. Hence, player 1 will play A if s ≥ 1
2
.

Now consider the voting behavior of player 2. Player 2’s utility amounts to

U2 = (1 − s)B − α

2
(sB − (1 − s)B)

= (1 − s)B − α

2
(2s − 1)B

if the proposal is adopted and zero otherwise. Hence, player 2 will play A if and only

if

s ≤ 2 + α

2(1 + α)
.

Finally, consider the voting behavior of player 3. His utility amounts to

U3 = −C − α

2
(B + 2C) < 0

if the proposal is adopted and zero otherwise. Hence, player 3 will play R if s ≥ 1
2
.

First Stage:

Now we turn to the first stage of the voting game. In the second stage, we have seen

that player 1’s proposal will only be adopted if

α

2(1 + α)
≤ s ≤ 2 + α

2(1 + α)
.

As player 1’s utility is strictly increasing in s, it is optimal for him to choose

s∗ =
2 + α

2(1 + α)
.

2
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Proof of Proposition 5.3

We now show that under the unanimity rule, only one subgame-perfect Nash equilib-

rium exists that satisfies TR 1 and TR 2. In equilibrium, player 1 makes no proposal.

Second Stage:

We begin our analysis with the second stage of the voting game. Suppose that player

1 makes a proposal with 0 ≤ s ≤ 1. For 0 ≤ s ≤ 1, player 3’s utility amounts to

U3 = −C − α

2
(B + 2C) < 0

if the proposal is adopted and zero otherwise. Hence, player 3 will play R if 0 ≤ s ≤ 1.

Given that player 3 will always play R, players 1 and 2 are indifferent between A and

R. According to TR 1, both players will play A.

First Stage

In the second stage, we have seen that every proposal of player 1 will be rejected under

the unanimity rule. According to TR 2, player 1 will make no proposal.

2
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Proof of Proposition 5.4

Before we can compare the performance of both decision rules, we have to calculate

the values of s∗ = 2+α
2(1+α)

for α = 0, α = α = B−C
B+C

, α = α = 2(B−C)
B+2C

and α → ∞. They

are given in the following table:

marginal losses solution under
of inequity the majority rule

α = 0 s∗ = 1

α = α s∗ = 3B+C
4B

=: s∗

α = α s∗ = 2B+C
3B

=: s∗

α → ∞ s∗ = 1
2

The next table compares the socially efficient solutions with the solutions of the voting

game under both decision rules:

marginal losses socially efficient solution under solution under
of inequity solution the majority rule the unanimity rule

0 ≤ α ≤ α 0 ≤ s ≤ 1 s∗ ≤ s∗ ≤ 1 no proposal

α < α ≤ α s ≤ s < s s∗ ≤ s∗ ≤ s∗ no proposal

α < α < ∞ no proposal 1
2
≤ s∗ ≤ s∗ no proposal

It is obvious to see that for α ≤ α the majority rule is superior to the unanimity rule

and for α > α the unanimity rule is superior to the majority rule. By contrast, for α <

α ≤ α, it is not clear which decision rule is superior. For example, when α converges to

α we have limα→α s = limα→α
B−C(1+α)

αB
= 1 and limα→α s∗ = limα→α

2+α
2(1+α)

= 3B+C
4B

< 1

which implies that the majority rule is superior to the unanimity rule. However, when

α converges to α we have limα→α s = 1
2

and limα→α s∗ = 2B+C
3B

> 1
2

which implies that

the unanimity rule is superior to the majority rule.

Since s∗ = 2+α
2(1+α)

and s = B−C(1+α)
αB

are strictly decreasing in α, there must exist a

critical value of α ∈ (α, α), denoted by α̂, where s∗ = s holds. Solving this equation

for α yields two possible solutions. One solution yields a negative level of α and it can
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therefore be neglected. The relevant solution is given by

α̂ =

√
2B2 + 2BC − 2C

B + 2C
.

Hence, for α < α̂ we have s∗ < s, which implies that the majority rule is superior to

the unanimity rule in this case. For α > α̂ we have s∗ > s, implying that the unanimity

rule is superior to the majority rule in this case.

2

Proof of Proposition 5.5

We begin with the computation of the critical value of s, denoted by ŝ, where α = α̂.

Recall that for α = α̂ the condition s∗ = s holds. Inserting of

α̂ =

√
2B2 + 2BC − 2C

B + 2C

into

s∗ =
2 + α

2(1 + α)

yields ŝ which is given by

ŝ =
2(B + C) +

√
2B(B + C)

2
(
B +

√
2B(B + C)

) .

Note that s∗ = 2+α
2(1+α)

is strictly decreasing in α. This entails that s∗ ≥ ŝ for α ≤ α̂

and s∗ < ŝ for α > α̂. According to Proposition 5.4, the optimal majority for s∗ ≥ ŝ is

the simple majority and for s∗ < ŝ the unanimity.

Hence, the optimal threshold flexible majority rule can be written as

m(s, scrit) =






1
2

if s ≥ scrit

1 if s < scrit

with scrit = ŝ. Under this rule only socially efficient projects are proposed and adopted.

2
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Proof of Proposition 6.1

We will use backward induction to identify the only subgame-perfect Nash equilibrium

that satisfies TR if β1 ≤ βmin. Therefore we start by considering the vote in period 2.

Period 2:

First, suppose that the project in period 1 was rejected. If both players choose A in

the second period, then only the project in the second period is implemented. In this

case, the material payoff of player 1 amounts to −C and the material payoff of player

2 amounts to B. According to definition (6.1), the overall utility of player 1 is given by

−C−α1(B +C) and the overall utility of player 2 is given by B−β2(B +C). However,

if either of them or both choose R, then neither of the projects is implemented. In this

case, the overall utility of each player amounts to zero. The utilities of both players

are summarized in the following table:

player 2
A R

A −C − α1(B + C), B − β2(B + C) 0, 0
player 1

R 0, 0 0, 0

First, consider the voting behavior of player 2. If player 1 chooses A, then it is optimal

for player 2 to play A if and only if β2 ≤ B
B+C

. If player 1 chooses R, then player 2 is

indifferent between both votes. Applying TR yields that he will choose A in this case.
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Now consider the voting behavior of player 1. If player 2 chooses A, then it is optimal

for player 1 to play R. If player 2 chooses R, then player 1 is indifferent between both

votes. Applying TR yields that he will choose R in this case. Hence, the only solution

of the second vote that satisfies TR is (R, A), i.e. player 1 chooses R, whereas player

2 chooses A. To sum up: If the project was rejected in the first vote, then the project

in the second vote will also be rejected.

Second, suppose that the project in period 1 was accepted. If both players choose A

in the second period, then both projects are implemented. In this case, the overall

utility of each player amounts to B −C. However, if either of them or both choose R,

then only the project in period 1 is implemented. In this case, the material payoff of

player 1 amounts to B and the material payoff of player 2 amounts to −C. According

to definition (6.1), the overall utility of player 1 is given by B − β1(B + C) and the

overall utility of player 2 is given by −C −α2(B + C). The utilities of both players are

summarized in the following table:

player 2
A R

A B − C, B − C B − β1(B + C),−C − α2(B + C)
player 1

R B − β1(B + C),−C − α2(B + C) B − β1(B + C),−C − α2(B + C)

First, consider the voting behavior of player 2. If player 1 chooses A, then it is optimal

for player 2 to play A. If player 1 chooses R, then player 2 is indifferent between both

votes. Thus, he will choose A according to TR. Now consider the voting behavior of

player 1. If player 2 chooses R, then player 1 is indifferent between both votes. Thus,

he will choose R according to TR. If player 2 chooses A, then it is optimal for player

1 to choose R if the following condition holds:

β1 ≤
C

B + C
=: βmin (D.1)

Otherwise, it is optimal for player 1 to choose A. Hence, the solution of the second

vote that satisfies TR is (R, A) if (D.1) holds and (A, A) otherwise. To sum up: If

the project was accepted in the first vote, then the project in the second vote will be

rejected if condition (D.1) holds and adopted if condition (D.1) does not hold.
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Period 1:

We now turn to the vote in the first period. Suppose that condition (D.1) is fulfilled.

This implies that the project in the second period will always be rejected. That is, if at

least one agent chooses R in the first period, then neither of the projects is implemented.

In this case, the overall utility of each player amounts to zero. However, if both players

choose A in the first period, then only the project in the first period is adopted. In this

case, the material payoff of player 1 amounts to B and the material payoff of player

2 amounts to −C. According to definition (6.1), the overall utility of player 1 is given

by B − β1(B + C) and the overall utility of player 2 is given by −C − α2(B + C). The

utilities of both players are summarized in the following table:

player 2
A R

A B − β1(B + C),−C − α2(B + C) 0, 0
player 1

R 0, 0 0, 0

First, consider the voting behavior of player 2. If player 1 chooses A, then it is optimal

for player 2 to play R. If player 1 chooses R, then player 2 is indifferent. According

to TR he will choose R in this case. Now consider the voting behavior of player 1. If

player 2 chooses A, then it is optimal for player 1 to play A, since we have assumed that

β1 ≤ C
B+C

and B > C. If player 2 chooses R, then player 1 is indifferent. According

to TR he will choose A in this case. Hence, the only solution of the first vote that

satisfies TR is (A, R). Thus, we have shown that for β1 ≤ C
B+C

there exists a unique

subgame-perfect Nash equilibrium that satisfies TR where neither of the projects is

implemented.

2

Proof of Proposition 6.2

We now consider the vote in the first period under the assumption that condition (D.1)

does not hold, i.e. β1 > C
B+C

. In the proof of Proposition 6.1 we have seen that the

project in the second period will be implemented, if the first period project is adopted.

In this case, the overall utility amounts to B−C for both players. However, if either of

149



Appendix D. Proofs for Chapter 6

them or both choose R in the first period, then neither of the projects is implemented.

In this case, the overall utility of each player amounts to zero. The utilities of both

players are summarized in the following table:

player 2
A R

A B − C, B − C 0, 0
player 1

R 0, 0 0, 0

First, consider the voting behavior of player 2. If player 1 chooses A, then it is optimal

for player 1 to play A since B > C. If player 1 chooses R, then player 2 is indifferent.

According to TR he will choose R in this case. Now consider the voting behavior of

player 1. If player 2 chooses A, then it is optimal for player 1 to play A. If player 2

chooses R, then player 1 is indifferent. According to TR he will choose A in this case.

Hence, the only solution of the first vote that satisfies TR is (A, A). Thus, we have

shown that for β1 > C
B+C

there exists a unique subgame-perfect Nash equilibrium that

satisfies TR where both projects are implemented.

2

150



Appendix E

Proofs for Chapter 7

A Specific Example

Consider the following Stone-Geary kind preferences:

u (ct, et) =

{(
ct − cS

)
et if ct ≥ cS

ct − cS otherwise,

where cS denotes the level of consumption corresponding to an adult with a human

capital of λS. According to (7.3) and (7.5), cS amounts to αλS. Solving problem (7.4)

in this case, we obtain

co(λt) =
α

(
λt + λS

)

2

eo(λt) =
α

(
λt − λS

)

2

Thus, co(λt) and eo(λt) are linear and strictly increasing in λt, where co(λt) > 0 for

λt ≥ 1, eo(λS) = 0 and eo(λt) > 0 for λt > λS.

Proof of Proposition 7.1

In the following, we show that there exists a unique subgame-perfect equilibrium in the

voting buying game with constitutional rules TFM, RoA and BB and the tie-breaking

rules TR 1 – TR 3 in which the randomly chosen agenda setter makes no redistribution

proposal if the moral costs of vote-selling are sufficiently low.

In order to prove the result, we proceed in three steps. In the first and in the second

step, we examine the second stage of the voting game, i.e. the subgame that follows if
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the agenda setter has made a proposal in the first stage. In the third step, we consider

the first stage of the voting game. We use the results of step 1 and 2 to identify the

subgame-perfect Nash equilibrium of the entire game in step 3.

Step 1:

Consider a proposal where the agenda setter taxes at most (n−1)/2 individuals and he

uses a part of the tax revenues Bt to subsidize himself (sag
t > 0) and the remaining part

of the tax revenues (Bt−sag
t ) to subsidize untaxed individuals to form a coalition which

supports his proposal. In the following, we will use T (0 < T ≤ n−1
2

) to denote the

number of taxed individuals and S to denote the number of untaxed individuals which

receive positive subsidies. Accordingly, the maximal number of untaxed individuals

which the agenda setter can subsidize amounts to n − 1 − T , i.e. 0 ≤ S ≤ n − 1 − T .

Recall that the taxpayers will form a coalition and bribe the n+1
2

− T least expensive

untaxed individuals if condition VB(2) holds. To make vote-buying most expensive and

thus least attractive for coalition of taxpayers, we consider proposals where the agenda

setter makes equal subsidies to all individuals he subsidizes. That is, all subsidized

individuals receive the same subsidy which is given by st =
Bt−s

ag
t

S
.

We now show that the total bribes of the coalition of taxpayers needed to defend the

proposal of the agenda setter are maximal, if the agenda setter makes a proposal with

equal subsidies for all n − 1 − T untaxed individuals.

If 0 ≤ S ≤ n−3
2

, then, according to TR 3, the coalition of taxpayers can defeat the

proposal of the agenda setter by paying φ to n+1
2

−T non-subsidized individuals. The

total bribes of the coalition of taxpayers, denoted by P , for S ≤ n−3
2

are then given by

P =

(
n + 1

2
− T

)
φ. (E.1)

If n−3
2

< S ≤ n − 1 − T , then, according to TR 3, the coalition of taxpayers has to

pay st + φ to S − n−3
2

subsidized individuals and φ to the remaining n − 1 − T − S
non-subsidized individuals to form a least expensive majority against the proposal.

The total bribes of the coalition of taxpayers for S > n−3
2

are given by

P = (n − 1 − T − S) φ +

(
S − n − 3

2

)
(st + φ)

=

(
n + 1

2
− T

)
φ +

(
S − n − 3

2

)
Bt − sag

t

S (E.2)
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where we have used the fact that st =
Bt−s

ag
t

S
for each subsidized individual. Comparing

(E.1) with (E.2) yields that the total bribes for the coalition of taxpayers are larger

if n−3
2

< S. Moreover, analyzing (E.2) yields that total bribes for the coalition of

taxpayers are maximal if S = n − 1 − T , as P is strictly increasing in S.

Step 2:

In the second step, we show that, given the moral costs of vote-selling are sufficiently

low, it is always profitable for the coalition of taxpayers to engage in vote-buying, even

if the agenda setter makes a proposal with equal subsidies to all n − 1 − T untaxed

individuals.

For S = n − 1 − T , the total bribes of the coalition of taxpayers are given by

P (n − 1 − T ) =

(
n + 1

2
− T

)
·
(

Bt − sag
t

n − 1 − T + φ

)
. (E.3)

Note that initially all individuals are caught in the poverty trap (λi
0 = 1 ∀i ∈ Ω).

According to TFM, τ sub is the highest taxation allowed for households in a state of

backwardness. Hence, the expected total tax revenue for the agenda setter is given by

Bt = T τ sub. (E.4)

We now examine the conditions under which the taxpayers will form a coalition and

engage in vote-buying. According to VB(2), taxpayers will form a coalition and buy

votes if the gain of vote-buying, which is given by

Bt − P (n − 1 − T ) = T τ sub −
(

n + 1

2
− T

)
·
(

Bt − sag
t

n − 1 − T + φ

)
, (E.5)

is weakly positive. The expression in (E.5) is weakly positive, if the moral costs of

vote-selling, φ, are sufficiently small, i.e. if the following condition holds true:

φ ≤ (n − 3)T τ sub + (n + 1 − 2T )sag
t

(n + 1 − 2T )(n − 1 − T )
(E.6)

Note that we have assumed that n > 3 and 0 < T ≤ n−1
2

. Now suppose that the

subsidies for the agenda setter are arbitrarily small but positive. Formally, for sag
t → 0,

(n − 3)T τ sub + (n + 1 − 2T )sag
t

(n + 1 − 2T )(n − 1 − T )
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converges to

φ(T ) =
(n − 3)T τ sub

(n + 1 − 2T )(n − 1 − T )
.

That is,

φ(T ) ≤ (n − 3)T τ sub + (n + 1 − 2T )sag
t

(n + 1 − 2T )(n − 1 − T )

for every sag
t > 0. So condition (E.6) is fulfilled if φ ≤ φ(T ) for every sag

t > 0. Also

note that φ(T ) is increasing in T . That is, for T = 1 and n > 3, we obtain

φ(1) =
(n − 3)τ sub

(n − 1)(n − 2)
> 0.

If φ ≤ φ(1) holds true, then the potential gain from vote-buying for the coalition of

taxpayers is positive for every T ∈ [1, (n−1)/2] and every sag
t > 0. Thus, it is profitable

for the coalition of taxpayers to engage in vote-buying. Hence, the proposal will not

be adopted.

Step 3:

We now turn to the first stage of the vote-buying game. According to tie-breaking

rule TR 1, the agenda setter will never apply for agenda setting, because he expects

that every proposal with sag
t > 0 to be rejected with certainty if the moral costs of

vote-selling are sufficiently small. Hence, no growth-promoting redistribution occurs in

period t which implies that the human capital in the next period amounts to λi
t+1 = 1

for all individuals.

Note that the preceding argumentation holds true for every period t. Hence, the

education of a society is not possible in finite time.

2
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Proof of Proposition 7.2

In the following, we show that there exists a subgame-perfect equilibrium in the voting

buying game with constitutional rules TFM, RoA, BB and RoV and the tie-breaking

rules TR 1 – TR 3 in which the agenda setter makes a growth-promoting redistribution

proposal, taxpayers do not engage in vote-buying and the proposal is accepted in the

first vote.

To show this result, we have to proceed in three steps. In the first step, we examine

the second stage of the voting game. In particular, we derive the condition for the

number of voting repetitions where vote-buying is never profitable for the coalition of

taxpayers. In the second step, we consider the optimal behavior of the agenda setter

in the first stage of the voting game. In the third step, we show that a democracy with

TFM, RoA, BB and RoV can educate a society.

Step 1:

We will now derive the condition for the number of voting repetitions where vote-

buying is never profitable for the coalition of taxpayers. The repetitions of votes are

indexed by r ∈ {0, 1, . . . , R}. Let Bt(r) denote the total expected tax revenue in period

t if the voting is repeated r times. Let si
t(r) denote the subsidy that individual i ∈ NT

will receive from the agenda setter in period t, if the proposal is accepted after having

been rejected r times before. Correspondingly, let pi
t(r) denote the payments that

individual i ∈ NT would receive in period t from the coalition of taxpayers, if it again

votes against the proposal that has already been rejected r times before.

In the following we focus on the proposal where the agenda setter will tax (n − 1)/2

individuals and pay no subsidies to the untaxed individuals. That is, sag
t (r) = Bt(r)

and si
t(r) = 0 ∀i ∈ NT and ∀r ∈ {0, 1, . . . , R}. Note that, according to TR 2, all

untaxed individuals will vote in favor of this proposal if they are not bribed by the

coalition of taxpayers, i.e. the proposal is adopted without vote-buying.

Recall that, initially, all individuals are caught in the poverty trap, λi
0 = 1 ∀i ∈ Ω.

According to TFM, τ sub is the highest taxation allowed for households in a state of

backwardness. So the expected tax revenues in the first round, i.e., when the number
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of repetitions is zero, are given by

Bt(0) =
n − 1

2
τ sub. (E.7)

Recall that we have assumed that n−1
2

τ sub ≥ s, i.e. sag
t (0) ≥ s.

Since the agenda setter will tax (n − 1)/2 individuals, it suffices for the coalition of

taxpayers to buy only one untaxed individual in order to form a minimal coalition that

will vote against the proposal, and to pay this individual

pt(r) = φ > 0

in each vote (see TR 3). In order to win the voting against the proposal R times, the

coalition of taxpayers has to pay the total amount of

R∑

r=0

pt(r) = [pt (0) + pt (1) + . . . + pt (R)]

= φR. (E.8)

We are now able to derive the number of repetitions of this proposal that will ensure

that vote-buying will not be attractive for the coalition of taxpayers. The condition

where vote-buying is never profitable for the coalition of taxpayers is given by

R∑

r=0

pt(r) ≥ Bt(0).

Hence, the number of repetitions R∗ where vote buying will be not profitable for the

coalition of taxpayers is implicitly given by

R∗∑

r=0

pt(r) = Bt(0). (E.9)

We now return to equation (E.9) in the light of equations (E.7) and (E.8). We obtain

φR∗ =
n − 1

2
τ sub. (E.10)

Rearranging equation (E.10) yields

R∗ =
(n − 1)τ sub

2φ
.

Since R∗ is a positive real number, we have to use the ceiling function for R∗. The

ceiling function is denoted by ⌈R∗⌉, and it denotes the minimal natural number larger

than, or equal to, R∗.
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To sum up: If the voting is only repeated R < ⌈R∗⌉ times, then it is profitable for the

coalition of taxpayers to buy votes, since
∑R

r=1 pt(r) < Bt(0). However, if R ≥ ⌈R∗⌉,
then it is optimal for the coalition of taxpayers not to engage in vote-buying, which

implies that the proposal will be adopted in the first vote.

Step 2:

We now turn to the first stage of the vote-buying game. In this step, we examine the

optimal behavior of the agenda setter in the first stage of the voting game. In step

1, we have seen that the proposal of the agenda setter – where he taxes (n − 1)/2

uneducated individuals with τ sub to subsidize himself with at least s – will be adopted

in the first vote, if the voting on this proposal can be repeated ⌈R∗⌉ times. Now we

show that no profitable deviations exist for the agenda setter.

First, it is not profitable for the agenda setter to make a proposal where more than

(n−1)/2 individuals are taxed. Taxing of more than (n−1)/2 individuals would imply

that the agenda setter cannot strictly improve his utility, because such a proposal would

never be accepted, as a majority would always vote against it.

Second, it is also not profitable for the agenda setter to make a proposal where fewer

than (n − 1)/2 individuals are taxed. Obviously, these proposals would also be ac-

cepted. However, taxing fewer than (n − 1)/2 individuals would entail a reduction of

the subsidies for the agenda setter. Hence, taxing fewer than (n − 1)/2 individuals is

not profitable for the agenda setter either.

Third, it is not profitable for the agenda setter to make a proposal where he taxes

uneducated individuals with more than τ sub. According to TFM, this proposal could

be prevented easily by the taxpayers without vote-buying, as the unanimity rule would

prevail in this case.

Fourth, it is not profitable for the agenda setter to make a proposal where he taxes

uneducated individuals with less than τ sub. Obviously, this proposal would be accepted

by a majority either. However, taxing uneducated individuals with less than τ sub would

entail a reduction of the subsidies for the agenda setter.

Finally, it is not profitable for the agenda setter to pay positive subsidies to the untaxed

individuals. It appears that proposals of this kind would also be accepted, since the
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subsidizing of untaxed individuals would make vote-buying more costly and therefore

less attractive for the coalition of taxpayers. However, subsidizing untaxed individuals

would also lead to lower subsidies for the agenda setter. Hence, subsidizing of untaxed

individuals is not profitable for the agenda setter either.

Step 3:

In steps 1-2, we have shown that there exists a subgame-perfect equilibrium in the

voting buying game with constitutional rules TFM, RoA, BB and RoV and the tie-

breaking rules TR 1 – TR 3 in which the agenda setter makes a growth-promoting

redistribution proposal, taxpayers do not engage in vote-buying and the proposal is

accepted in the first vote. We now show that such a democracy can educate a society.

Because of the rotating agenda setting rule (RoA), each individual will have the right

to set the agenda. RoV ensures that vote-buying will not occur which implies that

each individual will receive the required transfer s. The threshold flexible majority

rule, TFM[τmax
t , τ ], with τ = min{τ sub, τ ∗}, ensures both that uneducated households

will not fall below the subsistence level and that educated households will not fall back

into the poverty trap. Hence, the education achieved in the period of transfer yields

a human capital amounting to λ > λ∗ in the next and in the following periods, which

implies that the society will be educated in T < ∞.

2
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Güth, W., R. Schmittberger, and B. Schwarze (1982): “An Experimental

Analysis of Ultimatum Bargaining,” Journal of Economic Behavior and Organiza-

tion, 3(4), 367–388.

162



Bibliography
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