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ABSTRACT

Essays on Repeated Principal-Agent Interaction
Shahin Baghirov
Doctor of Philosophy in Economics
July 6, 2022

In a repeated interaction, one tries to maximize his/her current payoffs and
consider the decision’s future implications. Reputation concerns arise when there is
incomplete information regarding the preferences of the counterparts. I theoretically
and experimentally analyze the finitely repeated interaction between an agent and a
principal. The principal can be thought of as a state official who holds either a one-
period or a long-term project. The agent is a private firm that holds the necessary
information for the project.

The principal holds a project which yields a payoff depending on the realized state
of the world. He is not informed about the state of the world and hires an informed
agent to delegate the authority. The agent may be a good type who shares the same
preferences with the principal. Moreover, there is a positive probability that the
agent may be a “bad type” who has misaligned preferences with the principal. The
principal does not know the agent’s type but knows the prior probability that the
agent is a bad type. The agent is a long-term player, and the principal is either a
short-term or a long-term player. In the short-term-principal setup, the long-term
agent meets a new principal in each period of the interaction. If the principal is also
a long-term player, then the agent and principal meet once and interact as long as
the principal continues to hire the agent. In both setups, the principal observes the
past choices of the agent when making the hiring decision. Hence, both types of
agents have a long-term incentive to keep a high reputation level in addition to the
short-term incentive to play the stage-game optimal action. The good agent wants
to separate from the bad agent, whereas the bad agent wants to mimic the good
type.

This thesis includes three chapters. The first chapter defines a benchmark model.

The short-term principal does not hire the agent in the initial periods where there
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are reputation incentives. The more periods are left to be played, the more the
agent’s reputation incentives. Hence, the agent tends to play the action that will
increase her reputation level even if that action is not optimal in the stage game. The
principal expects a negative payoff in such periods. The reputation incentives lead to
surplus loss as the principal does not hire the agent in such periods. Hence, the “bad
reputation” behavior is observed [Ely and Valimaki, 2003]. When the principal is
also a long-term player, the harmful effect of reputation incentives can be avoided.
The long-term principal hires the agent in periods with reputation concerns. He
can compensate for the losses of reputation-building behavior in the future periods.
Moreover, the long-term principal hires the agent for lower reputation levels. Hence,
it is seen that a long-term interaction between the agent and the principal decreases
the harmful effects of reputation-building behavior and improves equilibrium payoffs.

In the second chapter, I introduce endogenous stakes. Either the agent or the
principal sets the allocation of the relative stakes. The agent prefers to start the
career path with larger stakes, decreasing the stakes gradually. By starting large,
the (good) agent creates an environment where future interaction becomes less valu-
able. Hence the incentive to take the right action in the current period prevails over
reputation concerns. On the other hand, the principal allocates the stakes so that
the interaction starts small. By doing so, the principal benefits from the reputation
concerns of the agent. The principal updates his belief on the agent through inter-
action - stakes increase as the agent’s reputation rises. Likewise, the social planner -
whose objective is to maximize social welfare - prefers to start the interaction small.
The findings highlight the optimal design of a career path under different conditions.

The third chapter theoretically and experimentally analyzes a slightly different
repeated principal-agent game with varying relative stakes. I focus on the setup
where there is a high probability that the principal and the agent have misaligned
preferences (the agent is the bad type with sufficiently high probability). Repeated
play becomes valuable in such a setting by improving the equilibrium payoff of
the principal. The agent has reputation incentives that motivate her to take action
matching the true state in the initial periods rather than maximize her period payoff.
As Morris [2001] calls, the “discipline effect” of the reputation incentives benefits
the principal. We show it is optimal for the principal to start the interaction small
and increase the stakes gradually. The agent’s reputation incentives are managed

so that the reputation evolves slowly. I test these predictions in four treatments



via online experiments. Each period receives an equal stake in the first treatment.
The interaction starts small in the other three treatments, and the stakes increase
at different speeds. We show that the smaller the interaction starts, the higher
the reputation incentives of the agent. More importantly, I show that the principal
earns a higher payoff in starting-small (gradualism) treatments than the equal-stakes
treatment. I contribute to the literature on gradualism by showing that it is a
valuable tool for improving equilibrium payoffs in the principal-agent framework

with asymmetric information.



OZETCE

Tekrarlanan Asil-Vekil Etkilegimi Uzerine Makaleler
Shahin Baghirov
Ekonomi, Doktora
6 Temmuz 2022

Tekrarlanan bir etkilesimde katilimcilar, mevcut getirileri maksimize etmenin yani
sira kararlarinin gelecekteki etkilerini de dikkate alirlar. Muhataplarin tercihleriyle
ilgili eksik bilgi oldugunda reputasyon kaygilar1 ortaya ¢ikar. Bu tez, sonlu tekrar-
lanan asil-vekil iligkisini teorik ve deneysel olarak analiz etmektedir. Asil, bir donemlik
veya uzun donemli bir projeyi elinde bulunduran bir devlet gorevlisi olarak diigiintilebilir.
Vekil ise proje igin gerekli bilgilere sahip 6zel kurumdur.

Asil, olasi getirileri gerceklesen duruma baglh bir projeyi uygulayacaktir ve gercek
durumla ilgili bilgiye sahip degildir. O, projeyi devretmek icin bilgili bir vekili ige
alip almama karar1 verir. Vekil, asille ayni tercihleri paylagan iyi tip olabilir. Ayrica
vekil, pozitif olasilikla asil ile uyumsuz tercihleri olan kot tiptir. Asil, vekilin tipini
bilmemekte ancak vekilin kotii tip olma olasiligini bilmektedir. Vekil, uzun vadeli;
asil ise kisa vadeli veya uzun vadeli bir oyuncudur. Kisa vadeli asil tasariminda
her donemde uzun vadeli vekil yeni bir asille etkilegsime girer. Uzun vadeli asil
tasariminda ise, asil vekili ige almaya devam ettigi siirece etkilegsim devam eder. Her
iki tasarida da asil, ise alma kararini verirken vekilin ge¢mis se¢imlerini gozlemler.
Vekilin periyot-optimal aksiyonu oynamak icin kisa vadeli tegvike ek olarak reputasy-
onunu artirmak icin uzun vadeli kaygilar1 vardir. Iyi vekil, kotii vekilden farklilagmak
isterken, kot vekil iyi tipi taklit etmek istemektedir.

Bu tez, ti¢ boliimden olugmaktadir. Ik boliim, bir ana model tammlar. Kisa
vadeli asil tasariminda vekil, reputasyon kaygilarinin oldugu ilk donemlerde ise
alinmaz. Opynanacak ne kadar cok periyot varsa, vekilin o kadar fazla reputa-
syon kaygisi vardir. Bu nedenle, vekil, belirli periyotta optimal olmayan eylemi
reputasyonunu artirmak icin oynayabilir. Reputasyon kaygilari, asilin bu periyot-
larda vekili ige almamasina yol agabilir. Bu nedenle, “kétii reputasyon” davranisi

gozlemlenir [Ely and Véliméki, 2003]. Asil uzun vadeli bir oyuncu oldugunda, rep-
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utasyon kaygilarinin faydal oldugu gozlemlenmektedir. Uzun vadeli asil, reputa-
syon kaygisi olan donemlerde de vekili ige alabilir. Ayrica, uzun vadeli asil, vekili
daha disiik reputasyon seviyelerinde de ige almaktadir. Boylece, denge getirileri
iyilesmektedir.

Ikinci boliimde endojen agirliklar tamtilmaktadir. Goreli agirliklar vekil, asil
veya sosyal planlamaci belirler. Vekil, kariyer yoluna daha biiyiik adimlarla baglamay1
tercih eder ve agirliklar1 kademeli olarak azaltir. Iyi tip vekil, biiyiik baslayarak,
gelecekteki etkilesimin daha az degerli hale geldigi bir ortam yaratir. Dolayisiyla,
simdiki donemde dogru eylemi yapma tegvigi, reputasyon endiselerinin 6niine geger.
Ote yandan, asil, etkilesimin kiigiik baglamasini tercih eder. Bunu yaparak asil,
vekilin reputasyon kaygilarindan yararlanir. Asil, etkilegim ilerledikge vekil ile ilgili
inancini giinceller. Aym sekilde, amaci sosyal refah1 maksimize etmek olan sosyal
planlayici, etkilesime kiigiik baglamay1 tercih eder. Bulgular, farkh kogullar altinda
bir kariyer yolunun optimal tasarimini vurgulamaktadir.

Uciincii boliim, degisen goreli agirhkla tekrarlanan bir asil-vekil oyununu teorik
ve deneysel olarak analiz etmektedir. Asil ve vekilin farkl tercihlere sahip olma
olasihiginin yiiksek oldugu tasarima odaklaniyorum (vekil, yeterince yiiksek olasilikla
kot tiptir). Tekrarlanan oyun, bdyle bir ortamda, denge getirisini geligtirerek
degerli hale gelir. Asil ic¢in etkilesime kiiciik baglamanin ve agirliklar1 kademeli
olarak artirmanin optimal oldugunu gosteriyorum. Vekilin reputasyon tegvikleri,
reputasyonun yavas geligecegi sekilde yonetilir. Bu tahminleri ¢evrimicgi deneylerle
dort farkh tretmanda test ediyorum. Ilk treatmanda, her periyot esit agirlik almak-
tadir. Etkilesim, diger ti¢ tretmanda kiiclik baglar ve agirliklar farkl hizlarda artar.
Etkilesim ne kadar kiiciik baglarsa, vekilin reputasyon kaygilarinin o kadar yiiksek
oldugunu gosteriyorum. Daha da onemlisi, asil kiiciik baglanilan tretmanlarda esit
agirlikh tretmana gore daha ytiksek bir getiri elde etmektedir. Asimetrik bilgi iceren
asil-vekil iletisiminde denge getirilerini geligtirmek icin “kii¢lik baglamanin” degerli

bir ara¢ oldugunu gostererek literatiire katkida bulunuyorum.



ACKNOWLEDGMENTS

I have received a great deal of support and assistance throughout the writing of this
dissertation.

First and foremost, I would like to express my indebtedness and a special thanks to
Professor Levent Kockesen whose guidance and expertise were priceless throughout
my Ph.D. study. I benefited from his passion, dedication, and, most notably, his
support which pushed me to sharpen my thinking and brought my work to a higher
level. T feel immensely privileged to have worked so closely with him.

I also want to say special thanks to Associate Professor Ayc¢a Ebru Giritligil. She
did not only help me to bring a different insight into my research but also provided
invaluable support for me, making my path to Ph.D. much easier. I consider myself
extremely lucky to have worked with her and her BELIS team.

I would like to acknowledge Professor Alp Atakan, Professor Seda Ertag, and As-
sociate Professor Mehmet Yigit Giirdal for their kind interest in my research and
helpful guidance throughout my thesis progress. Their suggestions and feedback
helped me a lot to enhance my research.

I extend my genuine thanks to all members of the Department of Economics at Kog
University and Istanbul Bilgi University who contributed directly or indirectly to
this thesis. I would also like to thank participants at seminars and conferences that
I have attended worldwide for valuable recommendations and remarks.

I would like to thank my mother, Filura, for her wise advisory and understanding
ear. Without her full support, I would not find the courage to start and pursue an
academic career. I owe a heartfelt thanks to my precious sisters Sahane and Meltem
for their love and faith during all these years. Most importantly, I want to thank

my beloved wife, Burcu, for not stopping to believe in me for a moment.

viil



TABLE OF CONTENTS

List of Tables xii
List of Figures xiii
Chapter 1: Repeated Principal-Agent Interaction 1
1.1 Imtroduction . . . . . . . . ... 1
1.2 Literature . . . . . . . . . 3
1.3 The Model . . . . . . . . . .. 5
1.3.1 One Period Model . . . . . ... ... ... ... ... .... 11

1.4 Short-term Principal . . . . . . ... ..o Lo 12
1.5 Long-term principal . . . . . . . . .. ... L 19
1.5.1 What happens when n increases? . . . . . .. .. .. ... .. 23

1.5.2  What happens when k increases? . . . . .. ... ... .. .. 24

1.5.3  When there will be reputation concerns? . . . . ... . .. .. 25

1.5.4 Commitment bad agent . . . . . ... .. ... ... ... .. 27

1.6 Conclusion . . . . . . . . . 30

Chapter 2: Endogenous Stakes in a Repeated Principal-Agent In-

2.1
2.2
2.3
2.4

teraction 32
Introduction . . . . . .. ..o 32
Literature . . . . . . . . . 35
The Model . . . . . . . . o 36
Short-term Principal . . . . . . ... ... ... ... ... ... 39
24.1 Agent setsstakes . . . . ... Lo 39
2.4.2 Social planner sets stakes . . . . . .. ..o 41

1X



2.5 Long-term principal . . . . . . . .. ..o 45

2.5.1 Agentsetsstakes . . . . ... ... L. 45
2.5.2  The long-term principal sets relative stakes . . . . . . . . . .. 51
2.6 Conclusion . . . . . . . . ... o7

Chapter 3:

Gradualism in a Principal Agent Interaction - Experi-

ment 60

3.1 Introduction . . . . . . . ... 60
3.2 Literature Review . . . . . . . . ... oo 62
3.3 Themodel . . . . . . .. .. . 65
3.4 Experimental Design . . . . . ... ... o000 67
3.5 Theory and Predictions . . . . . .. .. ... .. ... ... ... 71
3.5.1 Reputation Building Behavior . . . . ... ... ... ... .. 71

352 Payoffs . . . . ... 7

3.6 Results. . . . . . . . . 77
3.6.1 Agent Behavior and Reputation Incentives . . . . . . . . . .. 78

3.6.2 Beliefs . . . . .. 79

3.6.3 Principal Behavior . . . . .. ..o 81

3.6.4 Payoff Comparison . . . . ... ... ... ... ... ... 83

3.7 Conclusion . . . . . . .. 85
Appendix A: Chapter 1 Proofs 95
Appendix B: Chapter 2 Proofs 113
Appendix C: Chapter 3 Comparison of Treatment parameters 136

Appendix D:

Chapter 3 Instructions and Screenshots (Treatment 4)141

D.1 English Instructions . . . . . . . .. ... L oL 141

D.2 Turkish Instructions and Screenshots



Appendix E: Chapter 3 Proofs 166

x1



1.1
1.2

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

C.1
C.2
C.3
C4
C.5

LIST OF TABLES

Payoff table. . . . . . . . . .. 7
Strategies table. . . . . . . ..o oo 8
Payoff table. . . . . . . . . .. 66
Strategies table. . . . . . . ... o 66
Reputation incentives across treatments. . . . . . . . ... ... ... 87
Belief change. . . . . . . . ... 88
Belief update. . . . . . . . ... 89
Frequency of subjective believes in the state. . . . . . . .. ... ... 89
Hiring behavior. . . . . . . . . . ... . L o 90
Payoff comparison. . . . . ... ... o 90
Treatment 1 payoff table. . . . . . . . . ... ... ... ... ... .. 136
Treatment 2 payoff table. . . . . . . .. ... ... 137
Treatment 3 payoff table. . . . . . . ... ... ... L. 138
Treatment 4 payoff table. . . . . . . . .. ... ... ... .. ..., 139
Treatment parameters. . . . . . . . . . .. ... ..., 140

x11



2.1

2.2

2.3

3.1
3.2

3.3

LIST OF FIGURES

The equilibrium allocation of stakes when the agent set stakes. § =
0.1and n=100. . . . . . . . . . 42
The equilibrium allocation of stakes when the long-term principal set
stakes and the bad agent is a commitment type. § = 0.1 and n = 100. 54

The equilibrium allocation of stakes when the long-term principal set
1

stakes and the bad agent is a strategic type. k = 1 and n =100. . . . 57
The stake allocation for four treatments. . . . . . . .. ... .. ... 68
Change in believes. (01 corresponds to the observation of state 0 and
action 1.) . . ... L 81
Second period believes. (01 corresponds to the observation of state 0

and action 1.) . . . . ... 82

xiil



Chapter 1: Repeated Principal-Agent Interaction 1

Chapter 1

REPEATED PRINCIPAL-AGENT INTERACTION

1.1 Introduction

I propose an uninformed principal’s interaction with an informed and potentially
bad agent for a finite number of periods. The principal can be described as an
employer who does not have the necessary information. He needs an informed agent
to delegate the authority. The principal might seek an employee for a one-time job
or a project that will last for a finite number of periods. In each period of the
relationship, a state of the world is realized. While the good agent favors the action
that matches the state of the world, the bad agent prefers the higher action in the
stage game.

In an influential paper, Ely and Viliméki [2003] (hereinafter EV) showed that
reputational concerns might sometimes hurt an agent, a situation that they call
“bad reputation”. More precisely, they analyzed an interaction between a short-
term principal and a long-term agent in an infinitely-repeated setup. They showed
that if there is a positive probability of the agent being a bad type, then the principal
does not hire the agent in the equilibrium. The reasoning is as follows. The good
agent has a short-term incentive to take the correct action and a long-term incentive
to increase her reputation. There are infinitely many periods to be played, hence
the reputational incentives of the agent triumph. If there is a positive probability
that the agent is a bad type, then the agent prefers to reveal herself as good to
future employers. Thus, she chooses the action to increase her reputation rather
than the necessary action. The principal knowing the reputation incentive of the

agent, does not hire her. Therefore, the agent is not hired in all renegotiation-proof
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Nash equilibria, leading to the loss of all surplus.

Infinite periods analysis seems more suitable in interaction with no predefined
number of periods. However, in numerous real-world applications, the length of a
project or career is somewhat known. The project’s lifespan is known, especially
when a long-term principal searches for an agent to delegate the authority over a
project.

In this chapter, I analyze a finite period version of EV. I show that their results
continue to hold in finite periods. More specifically, the agent is not hired in the
initial periods. The reasoning is that if there are many periods to be played in
the future, then the agent has high reputational incentives. Unlike EV, I have a
finitely-repeated setup; hence, there is always a period after which no reputational
incentives are left. If the number of periods tends to infinity, then the agent is never
hired, as showed by EV.

The short-term principal does not hire the agent if she has reputation concerns
in the period. The reputation concern of the agent depends on several parameters.
Firstly, if the interaction length is sufficiently short, then the agent has no reputa-
tion incentive. It is not rational to take the reputation-driven action if not many
periods are left to be played. Second, the value of the project has a direct effect on
reputation concerns. The higher the potential profit from a project is, the more rep-
utational concerns arise. Lastly, the agent’s reputation level matters. An agent with
a sufficiently high reputation level does not care about reputation-building much.

However, when the principal is also a long-term player, the principal hires the
agent when the agent has reputation incentives. In addition, he hires the agent for
lower initial reputation levels as expected. The principal gets a negative payoff in
the periods where the agent takes the costly reputation-driven action. However,
the principal benefits from the increase in the agent’s reputation in the long term.
Hence, he can compensate for the losses stemming from the agent’s reputation-driven
behavior. Thus I show that reputation concerns are not particularly bad when the
principal is also a long-term player. EV also showed that we could reduce the harm

of the reputation concerns by making the principal a long-term player.
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1.2 Literature

A vast literature exists on the role of reputation in two-agent or principal-agent
problems. Papers by Kreps and Wilson [1982] and Milgrom and Roberts [1982a] were
the first to formalize the effects of the reputation that pioneered the conventional
wisdom that the reputation concern increases commitment power. These papers
analyzed models in which a long-term player meets with several short-term agents,
and they showed that adding even some imperfect information leads to the rise
in the reputation effect. An incumbent monopolist faces short-term entrants. If
there is a small probability that the incumbent monopolist is tough, he may want
to maintain a reputation for toughness to defer the other agents’ entry. Kreps and
Wilson [1982] and Milgrom and Roberts [1982a] showed that the introduction of the
repeated actions and asymmetry in information leads to a reputation effect. In that
framework, even if the predatory action is irrational for the monopolist in the stage
game, he takes that action to gain a reputation as a predator. This action helps the
monopolist to prevent short-term players from entering the market. He enjoys his
monopolistic power in the future by investing in his reputation today.

Fudenberg and Levine [1989, 1992] applied these results to a more general set
of games where a long-run player faces short-run opponents. Schmidt [1993] and
Celetani et al. [1996] analyzed the role of reputation when there are two long-run
players. Schmidt concludes that if the first player is sufficiently more patient than
the second player, the reputation benefits the first player. Likewise, Celetani et al.
[1996] showed that if a player (whose type is not known by the other player) is more
patient than his opponent, he can exploit the less patient player’s uncertainty by
holding a reputation as a commitment type. This literature following Kreps and
Wilson [1982] and Milgrom and Roberts [1982a] suggested that reputation building
is an effective tool to increase payoff compared to an environment with no reputation
incentives.

Holmstrom [1999] defined the reputation incentive as an employee’s career mo-

tives and showed that the reputation concerns could be beneficial or harmful depend-
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ing on the level of conflict (or alignment) between the employer and the employee.
Morris [2001] analyzed a twice repeated interaction in a cheap-talk environment
with the noise. He defines three effects of the reputation incentives. Firstly, the
“discipline effect” of the reputation concerns leads the bad agent to choose an ac-
tion that hurts the principal less. In our setup, this effect leads to the bad agent
playing the action that matches the state of the world, rather than always playing
the higher action. Secondly, through the “sorting effect”, the principal can update
his belief about the agent through the relation. The first two effects of the reputation
concerns improve the equilibrium payoffs. However, the third effect, “political cor-
rectness” leads the good agent to choose the action that will increase her reputation
rather than choosing the right action. All in all, Morris argues that the reputation
concerns’ overall effect is unambiguous.

In the model proposed by Ely and Véiliméki [2003], a short-term uninformed
principal decides whether or not to hire a possibly bad informed agent defined as
a long-term player. They represented two types of agents, rational and bad. The
bad type was committed to taking the bad action regardless of the true state. They
found that the good (rational) agent tended to take the good action to be revealed as
good rather than taking the necessary action. By doing so, the agent increased his
reputation so that he would be hired in the future. Thus, it led to losing the current
principal if he hired the agent. EV showed that if there is a positive probability
of the agent being a bad type, then the principal’s utility is bound by a value that
converges to 0 if the discount factor is close enough to 1. They found that the
reputation effect may lead to a loss of all surpluses.

Ely and Valiméki [2003] continued to show that the losses from a bad reputation
could be avoided if the principal is also a long-term player. If the principal and
the agent are long-term players, the agent goes through an evaluation phase. In
the evaluation phase, the agent is hired irrespective of the action observed. If the
reputation of the agent gets above some level, then she is hired for some periods. I
show that the equilibrium behavior is similar in a finitely-repeated interaction.

Ely et al. [2009] defined a more general setting to understand when a game
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is a “bad reputation” game. They had a richer type set in this setting. They
showed that if the probability of an “unfriendly” commitment type is sufficiently
high and the long-run player is patient enough, then the utility of the long-run
player converges to exit payoff in any equilibrium. Then, the effect of the reputation
is “bad”. Unfriendly commitment types are the agents who commit to bad actions.
Moreover, Ely et al. [2009] showed that if a Stackelberg type is likely enough, then
the bad reputation result does not hold.

1.3 The Model

This section will define the basic model where the stakes are equal across periods. I
do not have a discounting factor. Ely and Valiméaki [2003] provide the analysis with
discounting close enough to 1. Hence, I assume a discounting factor equal to 1 to
avoid future confusion when I introduce the stake variable in chapter 2.

An informed long-term agent meets an uninformed principal each period over n
periods. The principal could be short-term or long-term. I start with the short-term
principal. Let N be the index set of the periods. In each period ¢ € N, the state
6; € {0,1} is realized. Each state is equally likely, i.e. prob[d; = 0] = probld; = 1| =
1/2 and independent across the periods. The agent observes the state, whereas the
principal does not.

At the beginning of each period, the agent meets with a new principal. The
principal decides whether to hire the agent or not. Period ¢ principal’s action is
defined by \;, where \; = 0 means he does not hire the agent and A\; = 1 means the
principal hires her. If the principal does not hire the agent, the agent moves to the
next period and meets with another principal. If A\; = 1, then the agent observes
the true state and takes action a; € {0,1}. The payoffs are realized, and the agent
moves to the next period.

There are two types of agents: {g,b} - good and bad types. The good agent
shares the same preferences with the principal, while the bad agent favors action
1. The agent is privately informed about his type. p; € (0,1) measures the initial

reputation of the agent being good.
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For any ¢« € N, let H; be the set of all histories before decision ¢ is made, i.e.
H; = (01,09, ...,0;_1) where 0; = (\;, ;). o; € {0,{0,1}} denotes the outcome of the
period ¢ action. If the agent is not hired in period 4, then o; = (). The the period i
strategy of the principal is given by A; : H; — {0, 1} where A;(h) is the principal’s
choice of \;. Principal’s belief about the type of agent is defined by the probability
of agent being good in period i: p; : H;— [0,1]. The principal observes all the
previous actions of the agent but does not observe the true state in these periods.
The good agent observes the state of world before taking action but the bad agent
does not. The good and bad agent moves after histories of this type: I = (h, \;, 6;)
and I? = (h, \;), respectively, where I? is the period i information set of the agent
type a € {g,b}. The good and the bad agent’s (mixed) strategy is defined by the
probability of agent playing action 0, given by wu;(h, 1,6;) and v;(h, 1), respectively.
pi&v; : 3 — A0, 1] where J; is the set of all period i information sets.

The timing of the stage game in period ¢ can be summarized as follows:

1. The principal makes the hiring decision. If A\; = 0, then the game moves to

the next period. Both parties get a payoff of 0.
2. If \; = 1, nature chooses the state 0; € {0,1}.

3. The agent observes 6; and takes the action a; € {0,1}

The stage game payoffs are given by the Table 1.1 where k£ € (0,1/2) is assumed
to be the payoff accruing from the project in each period. This constraint on k is
made for the following reason. In the one-shot game where there are no reputational
incentives, the principal’s stage game payoff is given by pk + (1 — p) (k — 1/2). If the
principal believes that p = 0, i.e., the agent chooses her action independent of the
state, he will not hire the agent. If the agent is not hired, all the players get 0
payoffs. If the payoff received from the project (k) is “not sufficiently high”, then
the outside option is a better choice for the principal than facing an agent whose
action does not depend on the state. In other words, the agent is always hired if

k> 1/
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Table 1.1: Payoff table.

Good agent (and principal) Bad agent

0; =0 0; =1 0;=0160,=1
a=0 k kE—1 a=0|k—-1| k-1
a=1| k-1 k a=1 k k

The expected continuation payoff of the agent type A € {g,b} (good and bad
agent, respectively) in period i is given as follows: VA = i UJA where U# denotes
the stage game payoff. As period i principal interacts With]alle agent for one period,
he aims to maximize U .

Period ¢ stage game strategy of the agents is summarized with the Table 1.2.
pi(h,1,6;) and v;(h,1) is denoted by u% and v; for the ease of exposition. pf
denotes the probability with which the good agent plays action 0 given 6; € {0,1}
and v; denotes the probability with which the bad agent plays action 0 in any state
of the world. I assume that the bad agent does not observe the state of the world.
She is the type that mixes between two actions irrespective of the state of the world.
I define equilibria for both commitment and strategic bad types. Commitment
bad type agent always plays stage-game maximizing strategy, which corresponds to
a; = 1 Vi € N. Note that v; = 0 Vi € N if the bad agent is a commitment type.
The strategic bad type is a payoff-maximizing player who does not necessarily play
the stage-game optimal action.

Given the above-defined strategies, the principal’s belief about the type of the
agent in period ¢ 4+ 1 is updated by Bayes’ rule as following:

pi (1 + p3)
pi (1 + ;) +2(1 = pi)vi
pi (2= p — i)
pi (2= 1 — pg) +2(1 = pi)(1 — 1)

pivi(a; = 0|h) =

piv1(a; = 1|h) =
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Table 1.2: Strategies table.

0, =0 0, =1
0 with probability u? 0 with probability p!
Good agent
1 with probability 1 — p? 1 with probability 1 — u;
0 with probability v;
Bad agent
1 with probability 1 — v

I focus on the perfect Bayesian equilibria with Markovian property. In that
regard, history matters only in terms of its effect on the agent’s reputation. Thus, if
the agent has the same reputation level after two different histories, both the agent’s
and the principal’s actions are the same in both cases. The decisions depend on the
past observations only through their effect on the agent’s reputation.

Markovian Property. For any i € N and h,h' € H;: pi(h) = pi(h') implies
Ai(ailh) = Xi(as[h'), pi(h) = pi(R') and vi(h) = vi(R).

For notational simplicity, I will suppress i in the notation and denote the action
of the principal after observing a; given h by A;(a;), i.e. Aj(a;) = Ai(a;|h). In the
same manner, p;,1(z) = p;y1(a; = x|h) where z € {0,1}.

I use agent-optimality as the equilibrium selection criteria when there are mul-
tiple equilibria. The agent-optimal equilibrium is the equilibrium that leads to the
highest expected continuation payoff for the agent among all equilibria.

Define reputation concern as taking an action a; other than stage-game payoff
maximizing action which lead to p;11(a;) > p;. In other words, if the agent has a
reputation concern in period ¢, then she has an incentive to play the action that will
contribute to her reputation level, even if that action hurts the stage-game payoffs.
Playing such an action with a positive probability is only sequentially rational if the
agent gets a sufficiently high payoff following that action. I show that reputation-

driven action is action 0.



Chapter 1: Repeated Principal-Agent Interaction 9

First, note that the agent’s payoff is increasing in reputation level in any agent-
optimal equilibrium. This condition may seem natural, but there are equilibria in
which a lower reputation level leads to a higher payoff to the agent. Consider period
¢ such that no reputation concern in period ¢ onward is an equilibrium. In other
words, the good agent plays the action matching the state of the world, and the
bad agent plays action 1. Now suppose there is an equilibrium in which for some
p;, both types of agents play action 1 with probability 1 if p; > p;. Both types of
agents play the stage-game payoff maximizing action for lower reputation levels, i.e.,
no reputation concern. Given p; > p;, define the principal’s off-the equilibrium path
belief as p;11(0) = 0. This assessment may constitute an equilibrium. In that case,
the agent may get a higher payoff if p; < p; (compared to p; > p;). Hence, the agent
does not always prefer a higher reputation level in any equilibrium. I show that a
higher reputation level implies a higher payoff for the agent in the agent-optimal
equilibrium.

Suppose for the contradiction that action 0 decreases the agent’s reputation in
period i. As the agent prefers a higher reputation level, the bad agent plays action
1 with probability 1 in such period. If good agent plays action 0 with a positive
probability, then p;11(0) = 1 by Bayes’s rule, contradicting p;11(0) < p;. Hence,
action 0 can only decrease the agent’s reputation if it is played with 0 probability,
i.e., not observed on the equilibrium path. There are such babbling equilibria where
both types of agents play action 1 and the principal puts a sufficiently low belief on
the probability of the agent being good type after action 0. No type of agent has
an incentive to deviate to play action 0 if the future is sufficiently important. In
such case, the agent takes the costly action 1 (when 6; = 0) and her reputation is
not updated (p;11(1) = p;). I show that there always exists a separating equilibrium
which implies a higher payoff to the agent. The Lemmas 1.1, 1.2 and 1.3 formalize

the argument.

Lemma 1.1. In the agent-optimal perfect Bayesian equilibrium,

Pi+1 (ai = O‘h) Z Pi Z Pi+1 (ai = 1|h) Vi and Yh € I’IZ
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which holds strictly when p; # 1.
Proof. Appendix A. n

If §; = 0, then the good agent will play action 0 with probability 1 (x;(h,1,0) =1
). Note that the good agent has no incentive to act differently from the state observed
when 6; = 0. Thus, playing action 1 with a positive probability when the state is 0
can not be an equilibrium strategy for the good agent. It is easy to see as playing
action 1 hurts both the stage game payoff and the reputation. When the true state
is 1, she has a reputational incentive to play 0 as it will increase her reputation as

a good agent. Hence,

Lemma 1.2. In the agent-optimal perfect Bayesian equilibrium, p;(h,1,0) =1 Vi
and Vh € H;.

Proof. Appendix A. O

Lemma 1.1 and Lemma 1.2 imply that v; can not be above a certain level in any
equilibrium. The reasoning is straightforward. If the bad agent plays action 0 with
a sufficiently high probability compared to the good agent, then p;11(1) > p;11(0)
may be the case. But then, it implies that the agent has no motivation to play

action 0. Thus, the agent will deviate to play action 1 with probability 1. Hence,

L+
Lemma 1.3. In the agent-optimal perfect Bayesian equilibrium, v; < .

Proof. Appendix A. n

Thus, I can interpret the strategies y; and v; as measuring the reputation con-
cerns of the two types of agents. For ease of exposition, I will write p; to refer to
pi(h, 1,1) because y;(h,1,0) = 0 in the agent-optimal equilibrium.

The reputation concerns depend on n. It corresponds to the length of agent’s
lifespan in the short-term principal setup and the length of the interaction in the
long-term principal setup. The higher the number of periods is left to be played in

the future, the (weakly) more reputation concerns the agent will have. EV analyzes
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infinitely repeated setup; hence there are always reputation concerns if there is a
positive probability that the agent is bad. However, in the finitely repeated setup,
there is always a period i after which there is no more reputation concerns. Consider
a critical period ¢ after which an agent is hired only if a; = 0 is observed. There
are n — i periods left in the future. Suppose (n — i)k +k —1 >k and p; = 0 and
v; = 0. Note that p;11(0) = 1, and hence, both types of agents have an incentive
to deviate to play action 0. Hence, y; = 0 and v; = 0 can not be equilibrium
strategies. On the other hand, if (n —i)k+k —1 < k, then p; = 0 and v; = 0 in any
equilibrium. As playing action 0 leads a maximum of (n — i)k + k — 1, the agent
prefers to play the stage-game maximizing action, which leads to a strictly higher
payoff, k. Hence, n < 1/k + i is the sufficient condition for the agent to not have
reputation concerns in period i. The following proposition formalizes the argument

for the initial reputation.

Proposition 1.1. If n < 1/k + 1, then the agent has no reputational incentive in

any pertod in any perfect Bayesian equilibria, i.e. u;&v; =0Vi € N.
Proof. Appendix A. O]

Note that k < 1/2; hence, if the interaction lasts for three or fewer periods, then
the agent will not have reputation concerns in any equilibrium. The same reasoning

also holds for the last three periods of the interaction of any length.

1.3.1 Omne Period Model

I first provide the equilibrium analysis of the one-period model, i.e., n = 1. When the
agent and the principal meet only once (e.g., the principal is a short-term player), the
principal’s objective is to maximize his stage game payoff. Thus, any reputational
incentive of the good agent is harmful to the principal. Moreover, even with no
reputational incentives, the principal does not hire the agent if the agent’s reputation
is below a certain level, more precisely 1 — 2k. For the higher reputation levels, the
principal hires the agent only if he believes the good agent plays action 0 with
sufficiently low probability when the true state is 1. In other words, if the good
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agent has a strict reputational incentive in a period, then she will not be hired. It

follows from the following stage-game payoff of the principal:

1 1 1 1

P— —pk+ —pu(k—1)+=p(1 —p)k+(1- k——
UT = gpk+ 5ok = 1) + 5p (1 =)k + (1 = p) 5

A strategic bad agent’s strategy does not depend on the state. Hence, it does not
affect the principal’s payoff in a one-shot game. On the other hand, the principal’s
payoff decreases in pu. Given p > 1 — 2k, UT is non-negative if u is below y' such
that:

) 2k+p—1
W= T

Therefore, in a one-shot game, the agent is hired if and only if p > 1 — 2k and
i < y'. Regarding the agent’s behavior in a one-shot game, it is clear that there
will be no reputational incentives. Hence, u&r = 0. Thus, the agent will be hired

as long as the reputation is greater than or equal to 1 — 2k.

1.4 Short-term Principal

This section applies the model proposed by Ely and Valiméki [2003] to a finite period
framework. I start with the setup where the bad agent is a commitment type who
plays action 1 in each period.

The behavior of the principal in a one-shot game is the same as the short-
term principal. The following proposition formalizes the equilibrium behavior of the

principal.

Proposition 1.2. In any perfect Bayesian equilibrium.:
(a) If p; <1 —2k, then \; = 0.
(b) If p; > 1 — 2k, then
0, >
)\7; —
NN

Proof. Appendix A. O]
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(1 — 2k)2!2

(1 —2k)2t2+k
and t € {1,2,3,...,n}. I will use P(t) to determine the initial reputation’s bounds

Define P(t) =

where n denotes the total number of periods

when I characterize the equilibrium. If the agent’s initial reputation is sufficiently
high, then the agent has no reputation incentive in the unique equilibrium. In the
equilibrium, the agent is hired as long as the reputation does not fall below 1 — 2k.
In particular, p; > P(n) implies that if the agent never plays the costly reputational
action (u; = 0), then in the history where §; = 1 and action 1 is observed for all
periods, p, > 1 — 2k. Hence, the agent is hired in all periods irrespective of history,

including the last period.

Proposition 1.3. If py > P(n), then the agent has no reputational incentive in the
agent-optimal perfect Bayesian equilibrium. p; = 0 and v; = 0Vi € N. The principal
hires the agent for all periods: \; = 1Vi € N.

Proof. Appendix A. O]

If, on the other extreme, p; < P(1) = 1 — 2k, the short-term principal never
hires the agent even if the agent has no reputational incentives. Now I will describe
the optimal equilibrium for the intermediate levels of the reputation.

First, I define necessary and sufficient conditions for the absence of reputation

1
concerns. Irrespective of the initial reputation of the agent, if n < E—l— 1, then there

are no reputation concerns in any equilibrium. Following Lemma 1.4 defines it for

general initial reputation level.

1
Lemma 1.4. P(t) < p; < P(t+1) fort € {1,2,3,...,n}. Ifn < E_l_t’ then the agent
has no reputational incentive in the agent-optimal perfect Bayesian equilibrium.

wi =0 andv; =0Vi € N.
Proof. Appendix A. O]

The short-term principal’s payoff does not depend on the strategy of the bad type.
The introduction of the strategic bad type does not directly affect the principal’s
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payoff. When making a hiring decision, the principal’s only concern is p; and p;.
However, if the bad agent is also maximizing the expected continuation payoff, she
will also play action 0 for some time. One may expect this to decrease the good
agent’s reputational incentives because playing action 0 contributes to the reputation
level to a lesser degree. However, I can show that the equilibrium behavior does not
change.

Only the reputational incentives change depending on whether the bad agent is
strategic type or not. However, eventually, I get the same agent-optimal equilibrium
with the commitment type. The reasoning is that the good agent has weakly higher
reputational incentives than the bad agent in any period. In the model defined by
EV, where the agent has a lifetime of infinity, the good agent has strictly higher
reputation incentives. I will explain the difference later. First, I will provide the

intuition for the higher reputational incentives of the good agent.

Lemma 1.5. In the agent-optimal perfect Bayesian equilibrium, if the agent is
hired in period i and v; > 0, then the following must hold p;+1(0) > P(n — i) =
(1 —2k)2n—i=2

(1—2k)2r2 4+ k'
tion after action 0 must be sufficient for the agent to be hired for all the remaining

In words, if the bad agent mizes in period i, then the reputa-

periods. Otherwise, the good agent has higher reputational incentives, hence v; > 0

implies p; = 1 and the agent is not hired.
Proof. Appendix A. O]

Consider a crucial period ¢ in which the bad agent plays both actions with a
positive probability. Suppose the agent survives for [ periods after a; = 1 and for
m periods after a; = 0. The bad agent is indifferent between two actions, hence,
mk — 1 = [k ( which implies m > [ ). In each of the following periods, the bad agent
may play action 1 with a probability of 1 or mix between the two actions. Consider
the good agent. In each period, the state is 0 with 1/2 probability. Therefore, the
good agent may increase her reputation costlessly with a probability of 1/2 in any

period. As there are more periods to be played after a; = 0 (m > 1), bad agent
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being indifferent (mk — 1 = (k) implies the good agent is indifferent between the
two actions or strictly prefers action 0. There are two possible cases:

Case 1. m < (n —1). It implies the agent does not survive until the end of the
game if a; = 0. In other words, another crucial period will be reached in the future.
In this case, there will be reputational incentives in the periods following ¢. The
future expected continuation payoft of the good agent exceeds that of the bad agent.
In such case, v; > 0 implies p; = 1, and the agent is not hired in period 2.

Case 2. m = (n —1i). If a; = 0 is observed, the agent will be hired for all the
remaining periods. Hence, there will be no reputational incentives in the remaining
periods. Suppose the agent will be hired for all the periods after action 0 in the
current period. In that case, the future expected continuation payoff of a good agent
is equal to that of the bad agent. As the agent will be hired after any history, both
types of agents will get (n — i)k payoff. In this case, the good agent may also be
indifferent between the two actions.

Let P(t) < p1 < P(t+ 1) and suppose that the agent is first hired in period
i where there is a reputational concern. Then m = (n — i) must hold so that

i; < 1. The agent has no reputational incentives if first hired after the period

1
[n—t+1—1/k]. Hence, fix a period i < n—t+ 1 — Z and suppose the agent

survives for [ periods after a; = 1 is observed. The sequential rationality constraint
of the bad agent implies (n — i 4+ 1)k — 1 = k + lk. Simplifying the equality, T get

1 1
l=n—i-— T i<n—t+1-— z implies | > t — 1. Therefore, p;11(0) and p;11(1)

should be so that m = n —i and [ = ¢t — 1. In words, if action 0 is observed in
period 4, then the agent is hired for the remainder of the game. On the other hand,
if action 1 is observed, the agent is hired for ¢ — 1 periods if no action 0 is observed.
But, Bayes’ rule states that given P(t) < p; < P(t+ 1), if action 1 is observed in
each period, then the agent’s reputation stays above 1 — 2k for at most ¢ periods.
Hence, [ can be at most t — 1, i.e. [ ¥ t — 1. Hence, hiring does not start until
the reputational incentives are eliminated. Thus, I define equilibrium where the bad

agent is a strategic type, and same results hold for the commitment bad agent.
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In EV, as the agent lives for an infinite number of periods, m = (n — ) is not
feasible. Hence, the good agent holds strict reputation incentives in any period
where the bad agent holds reputational incentives. As n — oo, the bad agent has
reputational incentives in each period. The agent is never hired in the equilibrium.

In the finitely repeated interaction as defined in this chapter, there is some
period ¢ after which the agent does not have reputational incentives. The agent
is hired after such a period as long as the reputation does not fall below 1 — 2k.
i = max{l,[n—t+1—1k|} is the period where the hiring starts. There are
no strict reputational incentives left, and both types of agents play stage-game
maximizing actions in any period where hired. I have the same equilibrium with the

commitment bad type. The formal definition of the equilibrium is provided below.

Proposition 1.4. Let P(t) < py < P(t+ 1), the following assessment constitutes

the agent-optimal perfect Bayesian equilibrium. The first period the agent is hired is

1

7, such that j =max< 1, [n—t+1— z L. The agent will be hired until the end

of the game after any history in which action 0 is observed. If 0 is never observed,
the agent is hired for a total of t periods. p; = 0, &v; = 0 for all the periods the

agent is hired.
Proof. Appendix A. n

Lower initial reputation implies higher reputational incentives. Therefore, the
agent has a stronger incentive to play action 0 in state 1. Thus, she will not be
hired in the initial periods. For every period the agent is not hired, there are fewer
periods left to be played. The lower the number of remaining periods, the lower the
reputational incentives are. Hence, the agent’s reputational concerns decrease.

As the agent’s reputation is not updated in the periods she is not hired, she will
not have strict reputational incentives left after a certain number of periods without

hiring. The short-term principal’s objective is to maximize one period expected

2] is equal to the lowest integer greater than or equal to
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payoff; hence the principal starts to hire the agent as soon as she has no strict

reputational incentive.

1

k < 1/2 implies n — mazx {1, [n—t+1— z > t. Therefore, in period j,

where the agent is first hired, there will be at least ¢ periods left until the project’s
end. If action 0 is observed in any period, then the good agent’s type will be fully
revealed, and she will be hired for the remainder of the game. On the other hand, if
no action 0 is observed in any period, then the agent is hired for exactly ¢ periods.
Bayes’ rule implies that starting from period j, if action 1 is observed for all ¢
periods, the reputation falls below 1 — 2k, and the future principals do not hire the
agent.

Suppose P(6) < p; < P(7) and fix n = 10 and k = 1/3, then:
max {1, [n —t+1—-1k|} =2

Suppose for the sake of contradiction that the agent is hired in the first period.
Consider the following case where 6; = 1Vi € 1,2,....6. If y; =0Ve € 1,2, ..., 6, then
Bayes’ rule implies that p7(1|a; = 1Vi < 7) < 1 — 2k. Hence, the agent will not be
hired in period 7. Now consider period 6. If agent plays action 0, then she gets a
payoff of k. On the other hand, as p;(0) = 1, the agent gets the payoff of k — 1+ 4k
if she deviates to playing action 0. Hence, k = 1/3 implies that ug = 1 after such
history where action 1 is observed in all the previous periods. Next, consider the
period 6 principal. pug = 1 implies that the principal gets a negative payoff if he hires
the agent. Hence, the principal does not hire the agent in period 6 . Continuing
with backward induction, u; = 1 if the agent is hired in period 5. The reason is
that the agent will not be hired if a5 = 1 is observed. Thus, period 5 principal does
not hire the agent either. Continuing in this fashion, I see that the agent is not
hired in the first period. More precisely, the hiring of agent does not start as long
the agent has strong reputation concerns. Hence, hiring starts in the second period
in this case, where there are no more reputation concerns left. Bayes’ rule implies
that if p; = 0Ve, then the agent is hired for 6 periods if action 1 is observed in each
period. Hence, the agent gets an expected payoff strictly greater than 6k. On the
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other hand, y; > 0 in any period lead to a payoff weakly less than 9k — 1 (as hiring
starts in the second period). k = 1/3 implies that the agent has no incentive left
to play costly action 0 if hiring starts in the second period. The agent is hired in
periods {2, 3,4, 5,6, 7} irrespective of the action observed. On the equilibrium path,
the lowest reputation level in period 7 is in the range [1 — 2k, (1-2%)/(1—k)) which is
attained when action 1 is observed in all the periods. The agent is hired in ¢ = 7 as
p7 > 1 —2k. However, if action 1 is observed in period 7, then Bayes rule implies

ps(1) < 1 —2k. Thus, the agent is not hired for the remaining three periods.

1
Remark 1.1. If P(t) < p; < P(t+1) andn —t < T then

1

max { 1, n—t—l—l—E =1

Note that this condition implies the agent has no strict reputational incentive if:

1. Initial reputation is sufficiently high. Higher initial reputation implies higher

t. (and/or)

2. k is sufficiently small. For k close enough to 0, there is no reputational concern
for almost all reputation levels. This is a natural outcome as lower k means a

lower stage game payoff, hence lower reputational incentives. (and/or)

3. n is sufficiently small. If the agent’s lifespan is short, she will not have repu-

tation concerns.

Remark 1.2. If the initial reputation is such that P(t) < py < P(t+1) andt =n—2

1
orn—1, max<1l, In—t+1—— = 1. Hence the agent is hired starting from

k
the first period. If P(n — 1) < p; < P(n), then the agent is hired starting from the
first period and will be hired up until the last period if action 0 is never observed. In

the history h, where no action 0 is observed, then py < P(n) implies p, < 1 — 2k,
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hence N\, = 0. If action 0 is ever observed, the agent is hired for the remainder
of the game. Similarly, if P(n —2) < p; < P(n — 1), then the agent is hired for
the first n — 2 periods in the history where no action 0 is observed. In such history

Pn—1 < 1 —2k by Bayes’ rule.

There is a range of the initial reputation such that the agent has no reputational
incentive and is hired for any k. As the agent’s life span is finite, there is always a
period in which sufficiently fewer periods are left to be played. This phenomenon
contrasts with EV’s setup, where the agent is never hired irrespective of the initial
reputation. The crucial difference between our model and EV is that our model is
finite. In fact, when n — oo, then P(t) — 1. Thus, there will be a strict reputational
incentive for all initial reputation levels less than 1, which will lead the principal

never to hire the agent. Hence, our results hold with EV when n — oo.

1.5 Long-term principal

When the principal is also a long-term player, the agent may also be hired in the
periods with reputational incentives. The reasoning is that the long-term principal
benefits from the increase in reputation in the future periods. In this section, I will
define equilibrium where both types of agents are strategic. Later, I will provide the
analysis for the commitment bad agent.

As in the previous section’s analysis, if the number of periods is below a certain

level, then the agent has no reputational concern in the unique equilibrium. More

1

precisely, if n < z + 1, then p; = 0 = 1; for all periods. Hence, the results apply to

1
the strategic and commitment bad agent analysis. As k < 1/2, n < E+ 1 is directly

satisfied for n < 3. If the interaction lasts for three or fewer periods, then there are
no reputational incentives.

Let t € {1,2,...,n — 1} and define

(1— 2k)2t!
(1—2k)21 + (n —t +2)k

R(t,n) =
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If the initial reputation is sufficiently high, i.e., p; > R(n,n), then the agent is
hired every period irrespective of the history in the game. Consider period n. The
lowest reputation level of the agent is attained in the history in which action 1 is
observed in all the previous periods. Bayes’ rule implies that if p; > R(n,n) then
pn > 1 — 2k even after such history. Hence, the principal hires the agent in any
period. This implies that the agent has no incentive to take a costly reputation
action, i.e. u; =v; =0Vi € N.

Next, consider middle initial reputation levels. The following lemma will be used

in the further results.

Lemma 1.6. Take any perfect Bayesian equilibrium and suppose that p; = v; = 0 for
1 -2k
14+ (n—j)k
Proof. Appendix A. O]

i =7,j+1,...,n. Then the agent is hired in period j if and only if p; >

When the principal makes the hiring decision in period j, he hires the agent if
the agent’s reputation is above a certain level so that the principal expects a non-
negative payoff. The principal’s expected payoff depends on whether the agent will
have reputation concerns in the remaining periods. Lemma 1.6 states the lowest

reputation level for which the principal hires the agent if there will be no reputation
1—2k

14+ (n—j)k
Suppose that p; = 1, = 0 for ¢+ = 1,2,...,t. Bayes’ rule implies, if the initial

concerns in the future. It corresponds to p; >

reputation is such that R(t,n) < p; < R(t + 1,n) for some ¢t € {1,2,....,.n — 1},
1—2k

then in the history where no action 0 is played, p; > m

and pry1 <

1—2k

1+ (n—t—1)k
if he expects no reputation incentive. In addition, if action 1 is observed in period

. By Lemma 1.6, it implies the principal hires the agent in period ¢

t, then the principal does not hire the agent in period ¢ + 1.
In the equilibrium path where there are no reputation concerns in any period,
R(t,n) < p1 < R(t+ 1,n) implies that the agent is hired for exactly ¢ periods if no

action 0 is observed. If action 0 is observed in any period, then the agent is hired
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for the rest of the relationship.

So far, I have defined the equilibrium behaviors with no reputation concerns.
Next, I will show the necessary and sufficient conditions for the absence of reputation
concerns in any equilibrium. Define critical period i as a period in which A\;11(0) =1
and \;11(1) = 0. If a; = 1 is observed, then the agent is not hired for the remaining
periods. On the other hand, if a; = 0 is observed, she is hired for 1 or more periods
in the future. Consider critical period . The sequential rationality constraint of
the agent implies that if & > (n — t)k + k — 1, then the agent has no incentive to
play the costly reputation action. Now consider period ¢t — 1. Good and bad agents’

sequential rationality constraints are as follows:

1
good : 2k+§(n—t)k>k—1+k+(n—t)k

bad : 2k >k —1+k+ (n—1t)k

Realize that the absence of reputation concerns in the critical period implies that

there are no reputation concerns in the previous periods. Hence, if R(t,n) < p; <

1
R(t+1,n) and n < z + ¢, then p; =0 and v; =0 Vi € N in any equilibrium. The
principal hires the agent for the first ¢ periods if no action 0 is observed. Proposition

1.5 formalizes the argument.

Proposition 1.5. 1. If py > R(n,n), then the agent has no reputational incen-
tive in the agent-optimal perfect Bayesian equilibrium, i.e., u; = v; = 0Vi € N,

and she is hired in every period irrespective of the history.

2. If there exists t € {1,2,....m — 1} such that R(t,n) < p; < R(t+ 1,n) and

1
n < z +t, then the agent has no reputational incentive in the agent-optimal

perfect Bayesian equilibrium, i.e., u; = v; = 0Vi € N, and she is hired in
periods 1,2,...,t after any history. In period i >t + 1, she is hired if and only
if action 0 is observed in some period j < 1.

1
3. If pp < R(1,n) andn < E+ 1, then the agent has no reputational incentive in
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the agent-optimal perfect Bayesian equilibrium, v.e., u; = v; = 0Vi € N, and

she 1s never hired.

Proof. Appendix A. ]

1
In Proposition 1.1, I stated that if n < z + 1, then there are no reputation

1
concerns in any equilibrium. Proposition 1.5 states that, n < E+ 1 is not necessary

but sufficient condition for the absence of reputation concerns in any equilibria. If
the initial reputation of the agent is so that she will be hired for at least ¢ periods,
ie. R(t,n) < p1 < R(t+ 1,n), then the condition becomes n < 1 + t. Given
initial reputation level of the agent, if n is small or k£ small, then the agent has no
reputation concern. Note that, the absence of reputation concerns implies that the
bad agent always plays action 1.

Reputational incentives are determined by n and k: Larger k£ and n lead to
stronger reputational incentives. If n or k is small, there is no reputation concern. In
other words, both the good and bad agents play their ideal actions. Therefore, there
is no bad reputation in this case. Since the bad agent always plays action 1, if action
0 is observed in any period, the principal will hire the agent in every consecutive
period. Whether the principal hires the agent in the first period depends on the
initial reputation of the agent. If that reputation is large enough, i.e., p; > R(1,n),
the agent is hired in the first period. Hiring behavior after action 1 depends on the
initial reputation as well. If R(t,n) < p; < R(t+1,n), for some t € {1,2,...,n— 1},
then the agent is hired for the initial t periods irrespective of the history.

The principal’s hiring decision depends on the principal’s expected continuation

payoff, unlike the short-term principal. If the initial reputation is not less than
1—2k

1+ (n—1)k
Hence, the agent is hired in the first period. If the initial reputation is below that

, then the principal has a non-negative expected continuation payoff.

level, then the agent is never hired. Note that this threshold is strictly less than
1 — 2k, which is the lowest reputation level so that the short-term principal hires

the agent.
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Recall that, when the principal is a short-term player, the agent is hired ¢
number of periods if no action 0 is observed if P(t) < p; < P(t + 1) where
(1 —2k)2t2

(1—2k)2-2 + k
It implies that, for a given initial reputation level, the agent is hired for an equal or

P(t) = Observe that P(t) > R(t) and P(t + 1) > R(t + 1).

more number of periods where the principal is also a long-term player. Hence, when
the principal is also a long-term player, the lower threshold for hiring the agent and
the average number of hiring periods increase.

Next, I will analyze how equilibrium behavior and payoffs vary with the param-

1
eters of the game as long as n < T + t holds.

1.5.1 What happens when n increases?

If the length of the interaction increases, the threshold for hiring, i.e., R (1,n) de-
creases. Mathematically, it is easily seen as R (1,n) is decreasing in n. The larger
the interaction lasts, the smaller stake each period receives. Consider the worst sce-
nario for illustration. The initial reputation is sufficiently small so that the agent is
hired in the first period but is only hired in the second period if a; = 0 is observed.
As the probability of the agent being bad is so high, the principal’s expected first-
period payoff is negative. However, in the absence of reputation concerns, po(0) = 1.
Hence, with a probability of %pl, the principal gets an expected payoff of k in the
remaining periods. In the equilibrium path, only uncertainty about the agent’s type

lies in period 1. Thus, the principal hires the agent for the lower reputation levels

1
as the stake of the first period, i.e., —, decreases.
n

Next, consider t. As n increases, the number of periods during which the agent is
hired (even if the history has no action 0) also increases. The intuition is as follows.

Take an equilibrium in which there are no reputational concerns and consider period

1— 2k 1— 2k
such that p; > —— and p;.y(1
R T '0”+1(><1+(n—j—1)k:

is the critical period given that no action 0 is observed in the previous histories. If

. In words, period j

action 0 is observed in period j, then the agent is hired for the remaining periods.
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If action 1 is observed, then the agent is never hired afterward. Higher n implies
higher n — 7; hence, there are more periods left to be played. Thus, increasing n
implies the principal will hire for lower reputation levels in the critical period. This,
in turn, implies that, for a given initial reputation level, the agent will be hired for
an equal or more number of periods. Hence, ¢(n) is weakly increasing in the number
of periods.

The effect of change in the number of periods on the expected payoffs is ambigu-
ous. The following has a positive effect on the continuation payoffs. As the number
of interaction periods increases, t (the agent is hired for more periods) may increase.
Moreover, n —t may also increase or do not change. In any case, the average number
of periods that the agent is hired increases. Also, if ¢ increases, the probability that
action 0 is observed also increases. The negative effect of the increase in n is that
as the weights of the periods are normalized to add up to 1, each period’s weight 1/n
decreases. Despite the fact that the agent will be hired for more periods on average,
the weight of each period will decrease. Hence, I can not conclude on the effect of

period size on payoffs.

1.5.2  What happens when k increases?

The ex ante equilibrium payoffs of the players are as follows:

L1 n 1 1 1
Vg k— —k+ —t— —th | +th— ¢
I R R AR U L B 2

: 1 t
et

The expected payoffs of both the principal and the good agent increase. It is in-
tuitive as k denotes the value of the project. The threshold for hiring decreases. The
same reasoning as subsection 1.5.1 applies. In the critical period, higher k& implies a
higher expected continuation payoff to the principal. As future expected payoff of

the principal is higher in the critical period, he hires the agent for lower reputation
1—2k

——  is decreasing in k. Thus, fixing an initial reputation level,
14+ (n—1d)k

levels, i.e.
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increasing k parameter implies the agent will be hired for equal or more periods.
Hence, t is weakly increasing in k.

If I treat k£ parameter as the project’s size, I reach a natural conclusion as follows.
The more significant (the more important) the project is, the higher the hiring

frequency.

1.5.8 When there will be reputation concerns?

If n or k is large, then there are reputation concerns. Let us start with the comple-

mentary proposition to Proposition 1.5.

Proposition 1.6. 1. If there exists t € {1,2,....,n — 1} such that R(t,n) < p; <

1
R(t+1,n) and n > E+ t, then the agent has reputational incentives in any

perfect Bayesian equilibrium, i.e., u; = v; = 0 can not hold Vi € N, .

1

2. If p < R(1,n) and n > z + 1, then the agent has reputational incentives in

any perfect Bayesian equilibrium, i.e., u; = v; = 0 can not hold Vi € N, .
Proof. Appendix A. O

The intuition behind Proposition 1.6 is straightforward. Following the analysis

1
in Proposition 1.5, given R(t,n) < p; < R(t+ 1,n) and n > — + t, suppose for

k
contradiction that the agent has no reputation incentive in the initial ¢ periods. She
will not be hired from period ¢ 4+ 1 onward if no action 0 is observed. Having no
reputation concern means the bad agent plays action 1 in any period. Hence, the

bad agent gets a payoff of %k If the bad agent deviates to action 0 in any period,

1
she gets a payoff of = (k—14 (n—1)k). n > z + ¢ implies that it is a profitable

1
deviation. Hence, there will be reputation concerns for some period given n > E+ t.

The extent of the reputation concerns depends on the relation between n, k and ¢.
For illustration, proposition 1.7 demonstrates the equilibrium behavior for a specific

case.
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1 1
Proposition 1.7. Let p; < R(2,n) and E+2 >n > E—i— 1, the following constitutes

the principal and agent optimal equilibrium.:

1 p1k
=1 = i =0=y;Vie N/1
H1 ; V1 2"—3(1—,()1)(1—2]{:)’” 0=v;Vie N/
(1 - 2k)2n3
1 >
M=4 P Dk )
0, otw
1
M) =% (n—2), a=1Vie {2,3,...,n—1}inh,,
1, otw
Proof. Appendix A. ]

The case analyzed in the Proposition 1.7 is a special case where the initial repu-
tation is small and n is so that there are reputation concerns only in the first period.
If the initial reputation is small, p; < R(2,n), and both types of agents play the

stage-game maximizing strategies, then the principal only hires the agent in the

1

second period if action 0 is observed. n > z + 1 implies the bad agent will deviate

to play action 0. Hence, no reputation concern in the first period can not hold in

1
any equilibrium. Moreover, E+ 2 > n implies there are no more reputation concerns

from period 2 onward. I have a discrete number of periods. I need to introduce a
mixing strategy for the principal so that the agent can be indifferent between both
actions. Otherwise, reputation concerns imply p; = 1 — ;. There will be no up-
date on the reputation level. However, Ay = 0 if p; = p; as the initial reputation
is sufficiently small. Hence, strategies should be so that there is an update in the

reputation level, which necessitates indifference for at least one type of agent.
(1 —2k)2n3
(n—1)k (202 —1)

Note that the threshold initial reputation for hiring, is strictly

1
less than 5~ k. It implies there is a range of initial reputation such that the agent
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(1 — 2k)2n3 1
is also hired for some (= Dk @2 = 1) <p < 3~ k. In words, if the agent has

reputation concerns, then she is hired for lower initial reputation levels compared

to the case with the absence of reputation concerns. As the equilibrium behaviors

vary with n, k and py, I can not provide a general pattern.

1.5.4 Commitment bad agent

In this subsection, I will define the equilibrium for the interaction lasting sufficiently
long with the commitment bad agent’s presence. More precisely, reputation incen-
tives emerge in the interactions lasting more than (1/x + 1) periods. From Proposi-
tion 1.1, I know the equilibrium behavior in the complementary case. Parallel to the

short-term principal’s analysis, the agent has a reputational incentive in the initial

1
periods. After a certain period, more precisely, the period i > n — © the agent

has no reputational incentives for the remaining periods. When the principal is a
short-term player, he avoids hiring the agent in periods with reputational incentives.
However, the long-term principal benefits from the increase in the agent’s reputation
in the future. Thus, the agent is also hired in the initial periods.

Another difference with the short-term principal is that the agent is hired for
lower reputation levels. If the principal is short-term, his objective is to maximize the
expected stage game payoff. Thus, the agent is not hired if the expected stage-game
payoff is negative. On the other hand, the long-term principal tries to maximize the
expected continuation payoff. He may have a positive expected continuation payoff
even if he receives a negative payoff for some periods. In such instances, the agent
is hired. In that sense, “bad reputation” incentives do not hurt the principal much.
The losses stemming from the principal being a short-term player can be avoided.

Further, T show that the (good) agent prefers to postpone screening as much as
possible. The reasoning is straightforward. Consider a period in which the agent
has reputational incentives. If action 0 is observed, she is hired for the remainder
of the game. If action 1 is observed, she is hired for some periods, say [ periods, as

long as no action 0 is observed. The good agent’s sequential rationality constraint
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implies that p; = 1 may be an equilibrium strategy if [ is small enough. She screens
her type and is hired forever. However, she can increase her expected continuation
payoft by postponing the full screening by one period. If she does not screen her
type in the current period, there is a 1/2 probability that 6,,; = 0, and she will
reveal her type costlessly in the next period. Thus, as long as the agent’s reputation
is sufficiently high so that she will be hired after action 1, she does not play action

0 with a positive probability (given the state is 1) in the equilibrium.

1 1
Consider any period i < n — = n > z + 1 implies that there will be reputation
concerns. In any such period, the principal’s expected payoff is non-negative if

1—2k 1 -2k

pi > . Thus, the agent is only hired for p; > ———.
2(n —1i)k

~2(n—1d)k

1
1. Ifi+1 < n-— T then the agent will have reputation concerns in the next period.

1 -2k

Hence, the principal will hire the agent in period i+ 1 if p;y; > ——F———.
2(n—i—1)k

1 -2k

2(n—i—1)k
the agent after action 1, then the agent plays action 0 with probability

(a) If p; is such that p;11(1) < , i.e. the principal does not hire

of 1 and screens her type.

1 -2k

2(n—i—1)k
after action 1, then the agent plays stage-game maximizing strategy. As

(b) If p; is such that p;41(1) > , 1.e. the principal hires the agent

noted before, y; = 0 as long as \;11(1) = 1.

1
2. Ifi+1>n— o then the agent will no more have reputation concerns in the

next periods. The principal’s expected payoff in period 7 4+ 1 is non-negative

1 -2k 1 -2k

if p; > . Thus, the agent is only hired for p; > m

1+ (n—19)k
1—2k

<
1+ (n—i—1)k
hire the agent after action 1, then the agent plays action 0 with probability

(a) If p; is such that p;41(1)

i.e. the principal does not
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of 1 and screens her type.
1—2k

>
T 1+ (n—i—1)k
agent after action 1, then the agent plays stage-game maximizing strategy.

(b) If p; is such that p;+1(1) i.e. the principal hires the

As noted before, p; = 0 as long as \j41(1) = 1.

1
In any period ¢ > n— —, there are no reputation concerns, i.e. p; = 0. Proposition

k

1.8 formalizes the equilibrium.

1
Proposition 1.8. Ifn > z + 1, the unique perfect Bayesian equilibrium strategies

in period 1 1s as follows:

1
1. For the wnitial periods such that i < n — =
(
1-—2k
0 i < ———
A = v P 2(n — i)k
1—-2k
1 p>—
AT >
) 9 — 4k | 1
0. pi> 0 — T Sl
i = such that p) = 2(n —i—2)k+1 k.
1 , ! 2 — 4k 1
L 101<pz . , 1 >n—1——
24+ (n—1—-3)k k
1
2. Fori>n— —:
ori>mn—
1 -2k
0 i < ——————
\ - P 1+ (n—14)k
1—2k
1, >
’ “ 1+ (n—0)k
Proof. Appendix A. ]

The principal’s hiring decision in any period depends on the expected contin-

uation payoff. It, in turn, depends on whether the agent will have a reputational
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concern in the period. More precisely, there are reputational incentives in periods

1

1t <n— = In the periods where the agent has reputational incentives, the agent

chooses to invest in her reputation if she believes that she will not be hired after
Pi

not sufficiently high for the principal to hire the agent in period 7 + 1 given a; = 1.

18

action 1. If the reputation is below p}, then the agent knows that p; (1)

Thus, the agent reveals her type, i.e., u; = 1.
If the initial reputation is sufficiently high, then the agent never has a reputa-
2n=Yk (1 — 2k)
2=tk (1 —2k) + 1’

tional incentive. More precisely, Bayes’ rule implies that, if p; >

2 -4k

3 — 4k
periods irrespective of the history. Hence, p; = 0 for all ¢ € N. The principal

1 -2k
L+ (n—14)k

then p,_1 > In other words, the agent is hired in the first n — 1/x + 1

hires the agent in any period ¢ as long as p; > On the other hand,

2n k(1 — 2k)

<
PLS oni/ (1= 2k) + 1
first ¢ periods for some i < n — 1/k, then A\;y; = 0. In such period, the agent has an

implies by Bayes’ rule that if no action 0 is observed in the

incentive to play action 0 with a positive probability.

1.6 Conclusion

This chapter provided an analysis of a finitely repeated principal-agent interaction.
As expected, I showed that the agent has reputation concerns depending on the
model’s parameters. Firstly, reputation concerns increase with the length of the
interaction. The longer the lifespan of the agent (or the interaction, in the case of
long-term principal), the higher the potential payoff the agent can earn in the future.
Hence, the long-term incentives to build a high reputation may triumph over the
short-term incentives to play the stage-game optimal action. On the extreme, if the
number of periods tends to infinity, both types of agents have reputation concerns in
any period. Thus, the principal never hires the agent, as shown by Ely and Valimaki
[2003]. Nevertheless, if the agent (or the interaction) has a finite lifespan, there is

always a period after which there are no reputation concerns.
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Second, reputation concerns decrease in k, the value of the project. Note that a
change in k has two effects. Decreasing k implies: (a) increasing (the absolute value
of) the cost of reputation building (k — 1), and (b) decreasing the future expected
payoff. Hence, reputation-building behavior is closely related to the value of the
project. Thirdly, the strength of the reputation incentives is negatively correlated
with the reputation level of the agent. The agent with a lower reputation level has
higher reputation incentives, ceteris paribus.

The short-term and long-term principals act differently as expected. Short-term
principal only focuses on the stage game payoff; hence, he avoids agents with repu-
tation concerns. On the other hand, long-term principal’s behavior is significantly
different. Firstly, the long-term principal hires the agent even in periods with strict
reputation concerns. The reason is that the long-term principal may benefit from
the reputation concerns of the agent. What is called “bad reputation” by Ely and
Valimaki [2003] becomes a valuable tool for the principal in our setup. It is due
to “sorting effect” of reputation concerns [Morris, 2001]. The principal is able to
observe the agent’s actions and update his belief. Secondly, the long-term principal
hires the agent for both lower initial reputation levels and weakly more periods on
average. Hence, I conclude that the harm of reputation incentives can be avoided if

both players are long-term.
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Chapter 2

ENDOGENOUS STAKES IN A REPEATED
PRINCIPAL-AGENT INTERACTION

2.1 Introduction

In this chapter, I introduce endogenous stakes to the analysis of Chapter 1. 1 ask
the following questions: Suppose the agent, the principal, or a social planner can
choose the size of the stakes involved in their relationship at every stage of the game.
Would they choose them in a way to prevent a bad reputation, i.e., let the good
and the bad agents separate at the beginning of the game? What is the equilibrium
path of the size of the stakes? Does the principal, the social planner, or the agent
choose to start the relationship large or small?

Since the bad reputation may hurt the good agent and the principal, one would
think they would choose the stakes to eliminate reputational incentives. This can
be achieved by starting the relationship large and assigning smaller stakes to the
future. This intuition is correct in specific environments. In particular, the agent
prefers to start large. When the agent chooses the stakes, she puts high stakes to
initial periods. Hence, small stakes are left to the future periods, and reputation
concerns are prevented.

However, I show that in some instances, intuition does not work. One critical
case is as follows. Suppose a long-term principal faces an agent that is a strategic
bad type with sufficiently high probability. In that case, he chooses to start the
relationship small and gradually increases the size of the stakes. Furthermore, the
equilibrium behavior induced by this choice of stakes involves a bad reputation.
The good agent always plays the action contributing to her reputation while the

bad agent completely mixes until the last two periods. This result is surprising even



Chapter 2: Endogenous Stakes in a Repeated Principal-Agent Interaction 33

more because this is also the equilibrium most preferred by the principal, i.e., he
chooses to use a bad reputation to his advantage if the bad agent is strategic and
the initial reputation is bad enough. Moreover, I show that the principal does not
start large in any equilibrium.

Several empirically relevant scenarios, some of which have already been discussed
by EV, fit one of the above environments. Lawyers might need a large case to kick
start their careers. If a lawyer starts with minor cases, the client may believe that
the lawyer will be more interested in increasing her reputation than the case. By
starting with large cases, the lawyer can signal to the potential client that she will not
have reputational incentives. On the other hand, a government official appointing
judges (or attorney general assigning cases to state attorneys) may prefer to start
with small cases. More minor cases in the initial periods minimize the harm of the
reputational incentives. My analysis allows us to make equilibrium predictions in
any such environment. I need to note that our results should be interpreted carefully
since I am not considering other possible determinants of the allocation of stakes
over time, such as learning about the agent’s ability, learning on the job, etc.

I start with the short-term principal in Section 2.4, and then move to the long-
term principal In Section 2.5. I show that if the agent sets stakes, she prefers to
start the interaction large and decrease the stakes gradually. There are instances
when the agent holds no reputation concern in the equal-stakes model. For example,
the interaction length may be short, or the value obtained from the project may be
small. In that case, the agent’s ability to design the career path benefits her in
two aspects. First, she obtains a higher payoff by allocating the high stakes to the
periods where she is hired for sure. Second, she is also hired for lower reputation
levels (in which she is not hired in the equal-stakes model). In the complementary
case, the agent has reputation concerns in the equal-stakes model (It occurs if the
interaction lasts for many periods or the value of the project is large). By starting
large, the agent leaves sufficiently small stakes for future interaction so that she has
no incentive to invest in her reputation. Therefore, the “bad reputation” outcome

can be avoided by changing the allocation of relative stakes. The agent obtains a
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higher payoff if she is hired.

However, the agent’s ability to set the stakes does not always benefit her. Con-
sider the following case. The agent has a small initial reputation level and holds
reputation concerns in the equal-stakes model. The principal expects a non-negative
payoff, hence, hires the agent. However, the principal may not hire the agent if the
agent sets the relative stakes. The agent can not commit to a particular allocation of
stakes for all periods at the beginning of the interaction. Once the agent’s reputation
level increases above a certain level, the agent will put the highest possible stakes in
every successive period. Mostly, it corresponds to the allocation that yields a zero
continuation payoff to the principal. As the principal gets a negative payoff in the
earlier periods with reputation incentives, it means a negative continuation payoff
for the principal in the first period. Hence, the principal never hires the agent.

When the long-term principal sets relative stakes, he never prefers to start large.
I show that if the bad agent is a commitment type, then the principal starts the
interaction small so that the good agent reveals her type in the first period. On the
other hand, if the bad agent is also a strategic player, the principal never sets the
stakes such that the agent would strictly prefer to play the stage-game maximizing
action. The principal sets the stakes so that at least one type of agent is indifferent
between playing both actions. Endogenous stakes improve the principal’s payoff,
and the agent is hired for lower reputation levels. Additionally, I show that if the
agent’s initial reputation is sufficiently bad, the principal starts small and increases
the stakes gradually. The bad agent is indifferent between the two actions in each
period. The good agent’s type is not revealed until the last period in the equilibrium.
The principal sets stakes for each period so that he can manipulate the reputation
incentives of the agent and get the maximum expected value from the project. It
is consistent with the reputation literature on gradualism. Watson [1999, 2002a],
Andreoni and Samuelson [2006] are the most prominent ones. Compared to the setup
where each period receives equal weight, the principal’s ability to set the relative
stakes enables him to hire the agent with lower initial reputation levels.

Finally, I introduce a social planner who wants to maximize social welfare, which
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is defined as the summation of the short-term principal’s payoffs across all periods.
The social planner can be thought of as an owner of a legal advice bureau. The
owner has lawyer employees who work for short-term principals. I show that if the
bad agent is a commitment type, the social planner starts the agent’s career path
with small stakes and gradually increases the relative stakes. The social planner sets
stakes so that the good agent is indifferent in each period.

On the other hand, if the bad agent is also a strategic player, the social planner
allocates equal stakes to the initial periods, serving as the evaluation phase. The
bad agent plays his favorite action in each period. The length of the evaluation
phase depends on the agent’s initial reputation: the higher the initial reputation is,
the longer the evaluation phase is. If the good agent does not reveal her type by
the end of the evaluation phase, she is not hired after that. On the other hand, if
she reveals her type, the evaluation phase ends, and she is hired for the remainder

of the interaction.

2.2 Literature

This chapter belongs to the literature on gradualism and dynamic allocation of
stakes, which have been studied in various frameworks. It is widely accepted that
starting the interaction with small stakes and increasing them over time leads to
maximum payoffs. The pioneering papers on gradualism are those by Watson [1999,
2002a]. He studied infinitely repeated prisoners’ dilemma game where the partners
jointly and dynamically determine the periods’ relative weights. There is two-sided
incomplete information about the types of players. A low type prefers to betray,
whereas a high type chooses to cooperate as long as the other player cooperates.
Both of Watson’s papers conclude that if the interaction starts small, cooperation
is viable, and there is an equilibrium where high types cooperate perpetually.
Another paper on gradualism is by Andreoni and Samuelson [2006]. They ex-
perimented with a twice-played prisoner’s dilemma game. They varied the relative
stakes of the periods and found that the stakes’ optimum allocation is approxi-

mately one-third to two-thirds. They experimentally verified that starting small is



Chapter 2: Endogenous Stakes in a Repeated Principal-Agent Interaction 36

the best concerning the total payoff of the players. Andreoni et al. [2019] provided
an extension to that analysis by endogenizing the relative stakes’ decision. In their
experiments, players chose the relative stakes, and they found that starting small in-
creases cooperation and social payoff. Grosskopf and Sarin [2010] provided another
experimental work where a long-run player faced short-run players. They found that
the reputation is seldom harmful, and its beneficiary effects are not tremendous as
thought.

Atakan et al. [2020] studied a repeated interaction between a sender and a re-
ceiver for a finite number of periods. In their model, the sender is informed and
interacts with an uninformed and possibly bad receiver. The sender holds informa-
tion and decides whether or not to share accurate information with the receiver in
each period. The sender or receiver sets the importance parameter in each period in
this framework. With its finite nature and dynamically set relative stakes, Atakan
et al. [2020] provide another starting point for our paper. They showed that it is
payoff-dominant for both receiver and the sender to start the interaction small and

increase gradually through time.

2.3 The Model

I have same model as in Chapter 1. Hence, in this section, I focus on how stakes are
set endogenously. In each period 7, a player sets the relative stake of the period ¢
decision. More precisely, in period i, §; € [0, 1] is the weight of all the future periods
i+ 1,9+ 2,...,n while 1 — 9; is the weight of period . In other words, in each period
i, the player sets the proportion of remaining decisions to be made in that period as
(1 — ;) and the proportion to leave to subsequent periods as d;. Thus, if I define a
weight for each period, ;, then v; = (1 — ¢;) 11:[1 d;.
j=1

_ _ k
I assume §; € [é, 5} Visuchthat 0 <d=1—-6 < 77 The assumptions 0 > 0

k

and ¢ < 1 guarantee that each period receives a positive stake. I assume § < T
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1 _ 1
so that § < —— < 4. The reason is that if § is less than ——, then the agent has
1+k 1+k

1
no reputational incentive in any equilibrium. Likewise, if § > T then there are

reputational incentives in some equilibrium. Thus, I set a lower threshold for J less

1
than Tk so that there will be no reputation incentives if §; = §. On the other
_ 1
hand, for the upper threshold to be meaningful, I assume § > T i.e. there may

be reputational incentives for §; = 6. Finally, I make the assumption 6 = 1 — § to
simplify the equilibrium analysis.

For any ¢ € N, let H; be the set of all histories before decision 7 is made,
ie. H; = (01,09,...,0;_1) where o; = (d;, \;,a;). Hence, in period i, the players
observe the previous actions, previous stake choices and ¢§; before making the hiring
decision. «; € {0,{0,1}} denotes the outcome of the period i action. If the agent
is not hired in period 4, then o; = (). The strategy of the period 4 principal is given
by A; : H; — {0,1} where A;(h) is the principal’s choice of A;. Principal’s belief
about the type of agent is defined by the probability of agent being good in period
i: p; » H;— [0,1]. The principal observes all the previous actions of the agent but
does not observe the true state in these periods. The agent moves after histories of
this type I; = (h, \;,6;) where [; is the period i information set of the agent. The
good agent’s (mixed) strategy is given by u; = prob(a; = 0) and the bad agent’s
strategy is given by v; = prob(a; = 0). pw;&v; : 3y — A[0, 1] where J; is the set of all
period ¢ information sets.

I define equilibria for both commitment and strategic bad types. Commitment
bad type agent always plays stage-game maximizing strategy, which corresponds to
a; = 1Vi € N. Note that v; = 0 Vi € N if the bad agent is a commitment type.
The strategic bad type is a payoff-maximizing player who does not necessarily play
the optimal stage-game action.

The timing of the stage game in period ¢ can be summarized as follows:

1. The agent, the social planner, or the principal set ¢;.
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2. The principal makes the hiring decision. If A\; = 0, then the game moves to

the next period. Both parties get a payoff of 0.
3. If \; = 1, nature chooses the state 6; € {0,1}.

4. The agent observes §; and takes the action a; € {0, 1}.

The stage game payoffs and stage game strategies are same with Chapter 1, given by
the Tables 1.1 and 1.2. The expected continuation payoff of the agent type A € {g,b}
(good and bad agent, respectively) in period i is given as follows: VA = i ijjA
where U denotes the stage game payoff. Period i short-term principal iﬁzeracts
with the agent for one period, he aims to maximize UF .

Results of Lemmas 1.1, 1.2 and 1.3 continues to hold. In words, while playing
action 0 weakly increases the agent’s reputation, playing action 1 decreases it in any
perfect Bayesian equilibrium. Hence, the good agent has no incentive to play action
1 when the state of the world is 0.

I continue to focus on the perfect Bayesian equilibria with Markovian property.
In that regard, previous history (including ¢;) choices matter only in terms of their
effect on the agent’s reputation. Thus, if the agent has the same reputation level
after two different histories, both the agent’s and the principal’s actions are the
same in both cases. The decisions depend on the past observations only through
their effect on the agent’s reputation.

Markovian Property. For any ¢ € N and h,h' € H;: p;(h) = p;(h') implies
Ai(ailh) = Xi(asl '), pi(h) = pi(R') and vi(h) = (1)

When there are multiple equilibria, I use the agent or the principal optimality
as the equilibrium selection criteria. The agent (principal) optimal equilibrium is
the equilibrium that leads to the highest expected continuation payoff for the agent

(principal) among all equilibria.
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2.4 Short-term Principal

For the short-term principal, lower §; means higher ~;, hence the higher the stakes
at hand. As the principal is an expected payoff maximizer, fixing a strategy for
the agent, the choice of d; does not affect the principal’s hiring decision. However,
0; has an indirect effect on the hiring decision as follows. If §; is sufficiently high,
it implies the future is sufficiently more important than period i. The agent may
have reputational concerns depending on the current reputation level, leading the
principal not to hire the agent. Knowing that the agent does not benefit from setting
high §; because the principal will not hire the agent if the agent plays action 0 with
a high probability. Moreover, the agent prefers the equilibrium in which she does

not have to screen her type.

2.4.1 Agent sets stakes

Define u;, = % from Section 1.3.1, which is the highest probability for which
the agent plays acfcion 0 and is hired in period i. I define equilibrium when the bad
agent is a strategic player. I show that no type has a reputational incentive in the
agent-optimal equilibrium, and the results hold for the commitment bad type.

In Chapter 1, Proposition 1.1, I showed that the agent has no reputational
concern in the last three periods (or if n < 3) in any equilibrium. However, when
the relative stakes can vary, there exists an equilibrium for which the agent has a
reputational concern in any period except the period n. Consider period n — 1. If
each period has the same stakes, then the agent will never take the cost of investing
in the reputation only for k in the next period. But if §,,_; is high enough, it implies
the cost of reputation - k — 1 - is weighted by 1 — §,,_; and next period’s payoff is
weighted by 9,1 which is sufficiently high. Thus, there exists p,_; for which the
agent has a reputational incentive for sufficiently high 6,,_;.

There exists a sufficiently high reputation level for which the agent has no rep-

utation concern in any period, irrespective of the stakes in an equilibrium. The

agent is hired forever even if action 1 is observed in all the periods. I show that the
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agent prefers not to play the costly reputational action for this reputation level. It
is no surprise because if it is possible for a party to survive for all periods by just
maximizing their stage-game payoff, then they will not prefer any equilibrium where
they take the costly reputational action. Thus, this equilibrium is the agent-optimal
equilibrium.

The agent still prefers the equilibrium in which she does not take the costly
reputational action for the lower reputation levels. She attains this by starting the
career path with large stakes. There are two advantages of starting large. (1) If the
reputation is not sufficiently good, there is a positive probability that the agent will
not be hired after some period. Hence, putting high stakes on the periods where the
agent is hired maximizes the expected continuation payoff. (2) Starting large implies
fewer stakes left to the future, meaning the agent has no reputational incentive. As
the period ¢ principal knows that the agent has no reputational incentive, he hires
the agent as long as p; > 1 — 2k.

In any perfect Bayesian equilibrium, the bad agent mimics the good agent’s
choice of §;. Considering only pure strategy in 9;, the reason is that, if the good
agent’s strategy in period i involves ¢; = ¢Y, then the Bayes rule implies that
pi(0;)h;) = 0 for any §; # 6. If 6° # 67 in equilibrium, then the bad agent is
not hired and receives zero payoff. She can deviate to 0] and obtain a positive

payoff.
(1 —2k)2t2

(1 —2k)2t2+k
denotes the total number of periods and ¢ € {1,2,3,...,n}.

Recall that I defined P(t) = in Chapter 1 Section 1.4 where n

Proposition 2.1. If the agent chooses the stakes, the following assessment consti-
tutes the agent-optimal perfect Bayesian equilibrium given p; > 1 — 2k = P(1).
wi =0=uwv; foralli € N.

1. Let py > P(n) :

2. Let P(t) < py < P(t+1):

0; = 0 as long as no action 0 is observed. The agent is hired for the total of
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t periods if no action 0 is observed. If action 0 is observed in any period v,

6, €0, \j=1Vje{i+1,i+2,..,n}

Proof. Appendix B. O]

(1 — 2k)2n—2

(1—2k)2" 2+ &
then the agent is hired for all the remaining periods irrespective of history. Thus,

In period 1, if the reputation is sufficiently high, i.e. p; >

the agent has no reputational incentive for any allocation of stakes and sets relative
stakes arbitrarily. For lower reputation levels, the reputation falls below 1 — 2k in
some period j < n in the history h; where no action 0 is observed. Hence, the
future expected continuation payoff of the agent in period 1 is less than d,k. The
best allocation of stakes is to leave small stakes to the future. The interaction starts

large, i.e. 07 = J. The agent has no reputational incentive for given stakes as
1

14k
hired for the remainder of the game, regardless of history. Otherwise, if p, < 1 — 2k,

0 <

ie. uy =0 = vy. If action 0 is observed, then ps(0) = 1. The agent is

the agent is never hired for the remainder of the game. p, > 1 — 2k, the agent again
sets 0o = 0 with the same reasoning as in period 1. Hence, 9; = 0 for all ¢ as long as
no action 1 is observed.

By definition, §; =  implies 73 = (1 —6)d" ! for all i € N/n and 7, = 6" .

Assuming 0 = 0.1 and n = 100, Figure 2.1 represents the evolution of the stakes in

the equilibrium.

2.4.2 Social planner sets stakes

In this section, I introduce a social planner where the long-term agent meets short-
term principals. The objective is to model the interactions where a third party
defines the terms of the interaction. The social planner can be thought of as a
state-official organizing a particular career market to maximize the expected social
outcome. I define this by the total of the short-term principal’s payoffs. The social

planner’s objective is in parallel with that of the long-term principal.
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Figure 2.1: The equilibrium allocation of stakes when the agent set stakes. § = 0.1

and n = 100.
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Commitment bad agent

The first thing to realize is that any §; for which the (good) agent strictly prefers
action 1 can not be an equilibrium allocation. The reasoning is that the social
planner’s objective function is increasing in d;, and he can profit by deviating to a
higher §;. Moreover, any stake allocation where the agent strictly prefers action 0
can also not be an equilibrium strategy. Following the analysis in Chapter 1 1.3.1,
the agent is not hired in period i if y; > p, where u; < 1. Thus, the social planner
sets the stakes so the agent is indifferent between both actions in any period. Note
that this holds in any history where no action 0 is observed in the previous periods.
If a history h; involves action 0 for some periods, then p; = 1. After any such history,
the agent is hired for the remainder of the game. The choice of §; for such periods
is arbitrary.

I define ranges for the reputation of the agent as in chapter 1 Section 1.4. Define
(1 —2k)2t2

(1 —2K)2=2 4+ k
{2,3,...,n}. Note that for p; > P(n), the agent does not play action 0 with a positive

P(t) = where n denotes the total number of periods and ¢ €
probability in the equilibrium. Moreover, the agent is never hired for p; < P(1).

Thus, I focus on t € {1,2,3,...,n} again.

Proposition 2.2. Let P(t) < py < P(t+ 1), the following assessment constitutes
the agent-optimal perfect Bayesian equilibrium.
Hiring starts in the first period. After histories in which action 0 is never ob-
20711 4 2k) — 2k

2711+ 2k) — k
if no action 0 is observed. u; € [0, u}| after such histories.

served, 0; = in period i. The agent is hired for a total of t periods

The agent will be hired until the end of the game after any history in which action

0 is observed. p; =0 and §; € [8,0] after such histories.
Proof. Appendix B. O]

In histories where no action 0 is observed, the stakes evolve as follows:

k 2k 201k

I =
211+ 2k) — k' 2011+ 2k) — k' 20 1(1 + 2k) — k
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The interaction starts small and gradually increases by multiplying by 2. Note
2t71

2-1(1 4+ 2k) — k
proportion of the total stakes is left to the future !. If no action 1 is observed in any

that the stakes do not add up to 1. The reasoning is that in period ¢,

period, these stakes are lost.

Strategic bad agent

The social planner sets the stakes so that the bad agent is indifferent between both
actions in any period. In the social-planner-optimal equilibrium, p; = 0 = v; in all
periods. The reasoning is that the social planner’s continuation payoff decreases in
v;. If a history h; involves action 0 for some periods, then p; = 1. After any such
history, the agent is hired for the remainder of the game. The choice of delta for

such periods is arbitrary.

Proposition 2.3. Let P(t) < py < P(t+ 1), the following assessment constitutes
the agent-optimal perfect Bayesian equilibrium.
Hiring starts in the first period. After histories in which action 0 is never ob-
1+ (t—9)k

1+ (t+1—i)k
if no action 0 is observed. p; =0 =1v; for alli € N.

served, 0; = in period 1. The agent is hired for a total of t periods
The agent will be hired until the end of the game after any history in which action

0 is observed. §; € [8,0] after such histories.
Proof. Appendix B. O

In the histories where no action 0 is observed, all periods receive the same stake
k

1+tk
the periods receive the same stake. This allocation is valid for the periods where

of v, = Note that this is not the same as the original analysis, where all

no action 0 is observed in history. This also implies that if no action 0 is observed
1

1+tk

until the period ¢, then proportion of all the stakes available is wasted. Note

¢
Tt is attained by []d;
1
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that ~; is inversely related to t, i.e., higher ¢ implies lower stakes. It may be sur-
prising because the higher ¢, the higher the initial reputation. One may expect the
initial stakes to be lower for the lower reputation levels. However, the reasoning
is the reverse. If the agent has a lower initial reputation, she holds higher reputa-
tional concerns. Hence, to make the bad agent indifferent between investing in the

reputation or not, the interaction has to start higher.

2.5 Long-term principal

2.5.1 Agent sets stakes

This section will analyze the main model with a long-term principal where the agent
sets relative stakes of the interaction. I show that if the reputation is not so low,
the agent allocates stakes so that (1) the principal hires the agent and (2) the agent
has no reputation incentive. This allocation enables the agent to maximize her

continuation payoff. I start with the bad commitment type analysis.

Commitment bad agent

Consider any critical period where the reputation is sufficiently small so that the
agent will not be hired after action 1. The agents prefer to leave the least possible
stakes to the future. However, if the current period receives high stakes and the
agent’s reputation is low, the principal does not hire the agent. To avoid this, the
agent increases ¢;, and if the reputation is sufficiently low, then the agent’s expected
payoff maximizing stake allocation involves starting the period small. On the other
hand, if the agent’s reputation is not sufficiently low in period 7, the agent sets stakes
as low as possible in any period she is hired.

The following proposition formalizes the equilibrium.

Proposition 2.4. If the agent chooses the stakes, then in the agent-optimal perfect
d(1—2k)

Bayesian equilibrium the agent is hired as long as p; > ;

m. The agent’s

equilibrium strategy is as following:
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1. If py > P(n): u; =0 and 6; € [9,0], s =1 Vi€ N.

(k—5) (1 — 2k) ) 1%
(k—é—f—ék) S 1< (n) 21 ana oq max _71_2k_p1+p1k_

If aj = 0 is observed for some j € N, then p; = 0 and §; € [5,0], Ny = 1

2. If

Vi € {j,7 +1,....,n}. Otherwise, if no action 0 is observed before period

i€ NJ/1:
(k—9)(1—2k) (1 — 2k)2n—1=
< p; =
() 5o S/ < T—ampiig g M= 0
5i:max{é’1—2k—pi+pik}'

) 5 (1 — 2k) (k—d) (1 —2k) s s

O =gk =" Gi—gram T

5(1—2k) (k — 8) (1 — 2k) )

3. 1If sy =1 and 0y = 6. The agent fully

ey
SA—0)k =" Th—o+ ok ’
screens her type and hired for the remainder of the game. p; = 0 and d; € [9, 0],

Ai=1Vie N/l

Proof. Appendix B. n

If the initial reputation of the agent is not sufficiently small, then she starts the
interaction large. The relative stakes gradually decrease as long as no action 0 is
6 (1—2k)

2(1—=90)k
the agent is not hired if she puts high stakes to period i. In such period ¢, the

observed in history. If, in any period, the agent’s reputation falls below

agent needs to reveal her type. She sets high enough ¢; so that it is rational to play
i > 0. Moreover, if pu; > 0, her expected continuation payoff is increasing in ;.
Thus, §; = 6.

[ know the equilibrium behavior if the initial reputation of the agent is sufficiently
small. She will choose to start small to take the costly reputational action in the

first period. The higher d;, the lower the cost in the first period is. Hence, the agent
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sets 0, = 4, screens her type, and is hired for the remainder of the game. Note that,
for & close enough to 1, the agent is hired for the initial reputation levels close to 0.
Hence, endogenizing the allocation of relative stakes makes the interaction possible

even if there is a very small probability of the agent being the good type.

Strategic Bad Agent

A critical difference in the equilibrium behavior when I introduce a strategic bad
agent is that the good agent no more starts small for any initial reputation levels.
The rough intuition is as follows. If the bad agent is a commitment type, the good
agent can leave as many important decisions as possible to the future and perfectly
screen her type by playing action 0. However, if the bad agent is also a strategic
player, then it is not feasible. If a sufficiently high proportion of the decisions are left
to the future, then the bad agent also plays action 0 with a positive probability. It
slows down the reputation evaluation, which results in a lesser expected continuation
payoff to the good agent. Hence, this behavior becomes less appealing to the good
agent, and she prefers to start large as long as she believes the principal will hire
her. Recall:
(1 —2k)2t1
(1—-2k)2-1+ (n—t+2)k

R(t,n) =
I defined R(t,n) to set t corresponding to initial reputation level. Now, I will define
general R(i,t,n) for period i:

(1 —2k)2t1
(1—2k)21+ (n—t — i+ 3)k

R(i,t,n) =

so that if p; > R(i,t,n) and the agent has no reputation concern in periods 7,7 +
1,...,2+t—2, then in the worst history in which no action 0 is observed p; +t —1 >
1 — 2k. The agent’s reputation stays above 1 — 2k for at least ¢ periods. Hence, if
pi > R(i,n —i+ 1,n), then the agent knows that if she does not take the costly
reputation action, then p, > 1 — 2k and she will be hired for all the remaining
periods. If that is the case then the agent’s choice of § is arbitrary and the agent

plays stage-game maximizing strategy.
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The agent’s choice of §; depends on p; as follows. For p; > 1 — 2k, the principal
hires the agent irrespective of the allocation of stakes, because the principal obtains
a non-negative payoff in period i (if there is no reputation concern in period i,
Ul =k— % + %pz) Consider the extreme case where § = 0 and the agent sets 9§, = 0.
The interaction becomes one-shot as there are no stakes left to the future. From
the analysis before, the principal hires the agent if p; > 1 — 2k. In that case, it is
optimal for the agent to set § as low as possible, i.e. leave the minimum possible
stakes to the future.

On the other hand, if the reputation is below 1 — 2k, then the minimum ¢§; = §
leads to negative continuation payoff to the principal (by definition, ¢ is sufficiently

small). Hence, the agent sets minimum J§; value which leads to a non-negative

continuation payoff for the principal, which corresponds to d, = .
1—2k— pi + pik
1 1

Again, the agent chooses the minimum possible ¢ value. For p; > B k, 9, < ok

Thus, p; =0 and v; = 0 is an equilibrium strategy.

1
Consider p; < 3~ k. The lowest §; leading to a non-negative payoff for the prin-

1
cipal is greater than T r Therefore, no reputation concern is not an equilibrium
strategy implied by the sequential rationality of the agent. Both types of agents

1
would deviate to play action 0. This implies that, given p; < 3~ k, the agent may

only be hired in period ¢ if the agent has reputation concerns. Suppose the principal
hires the agent and the agent has reputation concerns in period i. Consider the
equilibrium path following period i. The agent’s payoff in period ¢ + 1 is decreasing
in §. Define SZ as agent’s choice of §; which implements reputation concerns in the
equilibrium. As Viil is decreasing in 9; lower ¢ implies lower Sz To see the intuition,
consider the following. If §;,, increases, the agent’s payoff decreases in period i + 1.
From the period ¢ agent’s point, the future becomes less appealing. Hence, to have
reputation concerns, d; should be higher (SZ increases). Next thing to realize is that

the principal gets a negative payoff in period ¢ as there are reputation incentives.
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Hence, for the principal to hire the agent, equilibrium ¢; needs to be above a certain
level. In words, the higher ¢;, the lower stakes are attached to period 7 in which
the principal obtains a negative payoff. Returning to the sequential rationality con-

straint of the agent; for indifference d; to be high, ¢ should be above a certain level.

1
Overall, for the principal to hire the agent in period ¢ where p; < 5~ k (and the agent

has reputation incentives) , equilibrium ¢; should be above a certain level (which
implies d should be above a certain level). However, as I focus on the sufficiently

small §, I conclude that the principal does not hire the agent in such a case.

Remark 2.1. If n < % + 1, the agent has no reputation concern in the equal-
stakes model. In such case, % — k < R(1,n). It implies the agent is hired for lower

reputation level if she sets the stakes. On the other hand, consider the special case in
(1 — 2k)2n=3

Proposition 1.7. The agent is hired if p1 > = Dk (@2 = 1)

. A simple calculation

(1 — 2k)2n3
shows that ( Dk (22 =1) < % — k. It implies that the agent is hired for lower
n — n—s &

reputation levels if the stakes are equally allocated. Hence, the agent’s ability to set

stakes hurts her equilibrium payoff.

1
In any period 4, the agent is hired if and only if p; > 3~ k. Define

(1 —2k)21
t 1,...n—2
P(lﬂtan): (1—2k’)2t_1—|—1+2k’ 6{ ) , 1L }
R(l,t,n)7 t:n_ 1

If P(1,t,n) <pp < P(l,t+1,n), p;=v;=0and a; =1 fori € 1,2,....t — 1, then

1 1
pr = 5~ k and piq(1) < . k. In words, if the agent does not hold reputation
concerns, then she is hired for exactly ¢ periods if no action 0 is observed. The

1
principal hires the agent in period i < n if p; > 5~ k. Hence, given P(1,t,n) <

p1 < P(1,t+ 1,n), the agent is hired for ¢ periods if no action 0 is observed. The

1 1
range of reputation is defined so that, p; > 5~ k and py1 < 5~ k if no action 0

is observed for t < n — 1. This implies, the agent is hired in period ¢ but not in
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1
period ¢ + 1 onward. Note that P(1,1,n) corresponds to 3~ k, hence, the agent is

not hired if p; < P(1,1,n) .
However, in period n, the principal hires the agent if the reputation is not below
1 — 2k, because there are no more periods left to be played. If P(1,n—2,n) < p; <

P(1,n—1,n), the agent is hired for n — 1 periods if no action 0 is observed. Hence,
1
Pn-1 = 5—/{ and p, < 1—2k . Thus, the agent is hired in period n—1, but not hired
Pi
— Pi

for

in period n. As there is no reputation concern, p;1(0) = 1 and p;;1(1) =
all 7.

If p1 > P(1,n,n), the agent has no reputation concerns and is hired in all periods
irrespective of the observed action. By Bayes’ rule, p, > 1 — 2k even if no action 0
is observed. Both types of agents get the maximum possible payoff - k - from the
project. Hence, this equilibrium is not payoff-dominated. The agent arbitrarily sets
0; as she is hired every period.

Consider the following proposition.

Proposition 2.5. Agent-optimal perfect Bayesian equilibrium is as following. p; =

0=vy; and
([é,g], pi > R(i,n—1i+1,n)
5,0, 1 -2k <p<R(@,n—i+1n)
, 1— 2k — pi 1
\6i:1—2k—/)i+ﬂz‘k’ §_k§pi<1_2k
1
A — 0, pi<§—k
1
L, PiZE—k’
Proof. Appendix B. n

The stakes start large and gradually decrease. For P(1,t,n) < p; < P(1,t+1,n),
the agent is hired for at least ¢ periods. After s periods, the reputation of agent falls

below 1 — 2k if no action 0 is observed. Note that s < t as the agent is also hired



Chapter 2: Endogenous Stakes in a Repeated Principal-Agent Interaction 51

when p; <1 — 2k. The evolution of stakes is as follows:
D={(1-0),1-08 (-8 ...0-8a 82 (1-6_,),07%_, (1-4)}

The agent may survive for more than two periods after the reputation falls below
1 — 2k. Tt solely depends on the k parameter. In the distribution above, it was
implicitly assumed that k& > 1/6, so that if p,_; < 1 — 2k and action 1 is observed
for two consecutive periods (periods t — 1,t), then pyyqy < 1/2 — k. For any k

parameter, the results of starting large and gradual decrease hold.

2.5.2  The long-term principal sets relative stakes

This section analyzes the framework where the long-term principal sets the relative
stakes. The principal always allocates the stakes, giving the agent a reputational
incentive. The difference stems from the difference in continuation payoffs. If 9; is
such that no type has a reputational incentive, then the agent’s expected contin-
uation payoff decreases in d;. The reasoning is that the agent gets the payoff of k
in period i, whereas the future expected continuation payoff is strictly less than k.
Consider the principal. For such ¢;, as there will be the complete revelation of the
type of the good agent after action 0, the future expected continuation payoff of the
principal is higher than the payoff in period ¢. Thus, the principal prefers to increase

0; until the point where the reputational incentives emerge.

1
Note that §; <
ote a 1—|—l{j

is the sufficient condition for the absence of reputation

k

concerns. In other words, if period 7 receives more than T r proportion of the

remaining decisions, then the agent has no reputation concern in any equilibrium. It
follows from the sequential rationality of the agent. In any period i, the maximum
payoff agent can get from taking the costly reputation-driven action is given by

(1 —10;)(k—1)40;(k). On the other hand, she can get a payoff weakly greater than

1

(1 —6;)k if she plays action 1. Hence, if ¢; < % then the agent plays stage-game

maximizing action.
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2m=2(1 — 2k)

21— 2k) + & there is no equilibrium where \y = 1

Proposition 2.6. For p; <

1

and (51 < 1—|——k

Proof. Appendix B. O]

1

Remark 2.2. Consider period 1 with endogenous stakes, vy = 1 — 1. 01 < T

k
implies that v; > T Recall the sufficient condition for the absence of reputation

concerns in the benchmark model stated in Proposition 1.1. I showed that if n <

1
E+ 1, then the agent has no reputation concern in any equilibrium. Note that, in

1 1
benchmark model, each period receives a stake of —, i.e. v; = —Vi. The condition
n n
1 1 1
0 < T corresponds to n < E—'— 1 for v = -

The principal setting stakes enables him to hire the agent for low initial rep-
utation levels. The reasoning is that as the principal can manage the reputation
concerns of the agent, he can strategically allocate stakes to keep the agent’s repu-

tation concerns at the desired level.

Commitment bad agent

I define the principal-optimal equilibrium, where the bad agent is a commitment
type. Suppose that the good agent is a strategic type who maximizes her expected
continuation payoff while the bad agent is a commitment type. Then it is optimal
for the principal to put high stakes to the future interaction so that the good agent
screens her type. The reasoning is straightforward. In any period i where p; < 1,
the principal gets a negative payoff with probability (1 — p;). If 6 is sufficiently high,
then the principal sets §; = §. The minimum stake is attached to period i. The
good agent screens her type with a probability of 1/2 in each period. If no action
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0 is observed for a sufficiently long time, then the agent’s reputation approaches
0. In such a period where the agent will no more survive after action 1, she has
reputational concerns and plays action 0 with probability 1 and screens her type.
The principal’s expected continuation payoff approaches to p;k in the equilibrium
as 0 approaches to 1. This is the maximum continuation payoff the principal can
get and can only be attained in a framework with no informational asymmetry, i.e.,

the principal observes the agent’s type.

Proposition 2.7. In the agent-optimal perfect Bayesian equilibrium where § is suf-
ficiently high, ; = & for alli € N. p; = 0 for all i except when p; close enough to 0
and p; = 1.

Proof. Appendix B. O

By definition, §; = § implies 3; = (1 —4§) 6"~ for all i € N/n and v, = 6" L.
Fixing 0 = 0.9 and n = 100, Figure 2.2 represents the evolution of the stakes in the
equilibrium. Observe that the interaction starts small in the sense that maximum
possible stakes are left to the future in each period. Stakes slowly decrease initially

until the last period.

Strategic bad agent

This section will define the principal-optimal equilibrium for the sufficiently small
initial reputation. If the initial reputation is low, the principal starts the interaction
with low stakes. I define a sufficiently small initial reputation as the lowest initial
reputation level for which the agent is hired in the equilibrium. By doing so, the
principal gradually updates his belief about the agent’s type. In the equilibrium,
the whole interaction (except for period n) serves as the evaluation phase.

I define evaluation phase as follows: in any period of the evaluation phase, the
principal continues to hire the agent as long as action 0 is observed; if otherwise,
action 1 is observed in any period, the principal ends the relationship. v; > 0 must
hold in the evaluation phase except for the last period. If v; = 0 for some 4, then

pi+1(0) = 1 which means the agent is hired for the remaining periods if a; = 0 is
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Figure 2.2: The equilibrium allocation of stakes when the long-term principal set

stakes and the bad agent is a commitment type. 6 = 0.1 and n = 100.
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observed. It contradicts the definition of the evaluation phase. v; = 0 can hold only
in the last period of the evaluation phase.

Consider the following cases to understand how the principal strategically sets
the evaluation phase’s length. Case 1: The evaluation phase involves the first s
periods, i.e., given no action 1 is observed in the previous periods, the agent is hired
for periods s + 1, s + 2, ..., n irrespective of the action observed. Case 2: Evaluation
phase involves the first ¢ periods such that s < ¢. In case 1, more periods are left to
be played after the evaluation phase. Thus, if each period received the same stake,
the agent would have more reputation concerns in case 1. Hence, the principal needs
to put higher stakes per the period of the evaluation phase in case 1 compared to case
2. Thus, the smaller the evaluation phase is, the higher the principal risks in each
period. The intuition is that the shorter the evaluation phase is, the higher stake
each period should receive to incentivize the agent. However, it means risking high
stakes, which leads to a lower expected continuation payoff. If the initial reputation
is sufficiently small, the evaluation phase involves all periods except the last one.

Building reputation is costlier for the bad agent except for the period n — 1. In
period n — 1, both types’ future expected payoffs are the same; hence, they have the
same sequential rationality constraint. For earlier periods, playing action 0 costs the
same to both types, whereas the good agent has a higher future expected payoff. By
taking the costly action, the good agent gets more chances to improve her reputation
costlessly in the future (when the true state is 0 and she plays accordingly). So the
good agent values future interaction more. It implies that investing in her reputation
is less costly for her. Thus, the sequential rationality constraints of both types differ
when there is more than one period left to be played. In other words, if the stakes
are allocated so that v; > 0, then p; =1Vi € N/{n —1, n}.

The principal sets 9; values so that the bad agent is indifferent between two
actions in each period and v; € (0,1)Vi € N/{n—1, n}. If a; = 1 is observed in any
period, the principal is sure that the agent is the bad type. Whereas the reputation
after a; = 0 evolves at just enough pace so that the agent is hired for one more

period.
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Remark 2.3. In the equilibrium, there exists v, and v; for allv € N such that v; €
lv,, i) is consistent with equilibrium beliefs. For v; € [v;, 4], praq > pis1(0) > piiy,
in words, reputation stays in the lowest range. As the principal’s payoff decreases
n v; for all i, the bad agent plays action 0 with the lowest possible probability that
satisfies equilibrium conditions in the principal-optimal equilibrium. Thus, v; = v;
and the reputation evolves as p;1+1(0) = p;'H Vi € N. The reputation evolves in just
1—2k

1-k°

Proposition 2.8 formalizes the equilibrium behavior.

enough pace so that p,_1(0) =

Proposition 2.8. There exists p| < pi such that for p| < p1 < py, the following
strategies constitute the principal-optimal perfect Bayesian equilibrium:

v, € (0,1), p=1forie N/{n,n—1}, v,_1 =0, 1 €1[0,1], v, =0, p, =0

n—i—1

> K
h=0

6; = ———— Xi(0) =land A\i(1) =0 foralli € N/1. A\, =1
>k
h=0
Proof. Appendix B. n
n—i—1
>k 1
h=0

and the good agent is also indifferent

In period n — 1, §; = — = 7
> kP
h=0
between two actions and she mixes. The sequential rationality constraints of both
types are the same in n — 1. There is one-period play left, so the future expected
payoff of both types is k if the game is not terminated and 0 if it is terminated.
As the principal’s continuation payoff is decreasing in v;, then v, ; = 0 in the

principal-optimal equilibrium. I see that if I start with small enough initial reputa-

tion, principal starts with low + and increases it geometrically through interaction,
k,nfi

n—1 :

>k

h=0

equilibrium analysis above, the principal does not prefer the agent to screen her type

From the

which is in accordance with the “starting small” literature - ~; =

before the period n — 1. The intuition is that the principal needs to put high stakes
in the evaluation periods to incentivize the agent. But it means risking high stakes,

which leads to a lower expected continuation payoff.
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Figure 2.3: The equilibrium allocation of stakes when the long-term principal set

1
stakes and the bad agent is a strategic type. k = 1 and n = 100.

1
Fixing k = 1 and n = 100, Figure 2.3 represents the evolution of the stakes in the

equilibrium. Observe that the interaction starts very small and gradually increases

until the last period.

2.6 Conclusion

I analyzed a repeated interaction between a principal and an agent involving different
allocations of relative stakes. I borrowed the model from Ely and Valimaki [2003],
started with providing a finite version of the model offered by EV, and showed that
as the number of periods converges to infinity, equilibrium behavior converges to
EV.

The main contribution of this chapter is introducing endogenous stakes. I showed

that the player’s optimal stake allocation depends on their position on the asym-
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metric information problem. The agent is informed, and there is no uncertainty
about the principal’s preferences. Hence, the agent prefers to start the interaction
large so there are no reputation concerns. Starting large may or may not be to
the advantage of the agent. If the agent does not have reputation concerns in the
equal-stakes allocation, then starting large has a two-fold advantage for the agent.
First, the agent gets a higher payoff in starting-large allocation. Second, the agent
is hired for lower initial reputation levels for which she is not hired if the stakes are
equally allocated.

Nevertheless, the agent’s ability to endogenously set the stakes may affect neg-
atively. I show the existence of cases in which the agent is hired if the stakes are
equally allocated but not hired if the agent sets the stakes. The intuition is as fol-
lows. If the agent starts large, it is risky for the principal to hire the agent if the
initial reputation is sufficiently low. On the other hand, suppose the agent starts
with small stakes. Then there will be reputation concerns. The agent can not com-
mit to an allocation of stakes at the beginning of the interaction. Screening occurs
in the initial period(s), and the principal continues hiring the agent if the reputa-
tion exceeds a certain level. However, after the reputation level increases, the agent
puts the highest possible stakes in every consecutive period. The principal obtains
a zero or sufficiently small continuation payoff in any such period. In addition, the
principal gets a negative period payoff in any period involving reputation concerns.
Thus, the principal expects a negative continuation payoff in the first period if the
agent has a sufficiently small initial reputation level. In such cases, exogenously set
stakes may be preferred to endogenous stakes.

The principal does not know the agent’s preferences and is uninformed about the
state of the world. For him, starting large is equivalent to starting a risky business
with high stakes. On the other hand, starting small is appealing to the principal for

the following reasons:

1. As larger stakes are left to the future, the agent will hold reputation incentives.
The principal benefits from the reputation incentives of the agent as it helps

him update his beliefs on the agent’s type.
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2. As a smaller stake is allocated to the current period, the principal risks a small
proportion of the project. If the agent is a bad type, then her harm to the

project will be limited.

Hence, the principal prefers to start small and always benefits from the ability

to set the stakes endogenously.
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Chapter 3

GRADUALISM IN A PRINCIPAL AGENT
INTERACTION - EXPERIMENT

3.1 Introduction

We frequently participate in interactions that last longer than a single period. In
environments with asymmetric information, repeated play becomes valuable. Rep-
utation incentives arise, and the players can obtain higher equilibrium payoffs via
updating beliefs in each other. Furthermore, repeated play enhances cooperation in
prisoners’ dilemma-like settings where it is hard to reach cooperation in one-time
interactions.

This chapter theoretically and experimentally analyzes a repeated principal-
agent interaction. The principal decides whether to delegate a job to the agent
whose preferences are unknown. I focus on the setting where there is a sufficiently
small probability of the agent being a good type. If the interaction is one-shot, the
principal does not hire the agent with such a low reputation. However, in a repeated
play, the principal can monitor the agent’s behavior and act accordingly. The prin-
cipal hires the agent in the first period and continues hiring as long as the agent
displays the desired behavior. The principal’s hiring behavior creates reputational
incentives for the agent to act according to the principal’s expectations.

The extent of the reputational incentives depends on how the stakes are allocated
across the interaction periods. In the classical studies of repeated communications,
each period receives an equal weight. In this chapter, I vary the allocation of stakes
to find the principal-optimal one. For instance, the agent does not have reputational
incentives if the interaction starts with sufficiently high stakes. In other words, if

the future communication is not adequately important compared to the current
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play, then the agent aims to maximize today’s payoff rather than focusing on the
reputation. It may be the desired behavior in specific environments. However, the
principal does not hire the agent in the absence of reputational incentives if her
initial reputation is low. The principal-optimal allocation involves starting small
and increasing the stakes gradually.

This chapter analyzes a three-period repeated principal-agent game. The agent
is either a good or a bad type, and the principal does not know the agent’s type. The
principal hires the informed agent to observe the state and take action accordingly.
The good agent shares the same preferences with the principal and prefers to take
the action that matches the state. On the other hand, the bad agent prefers a
particular action irrespective of the state. Consider, for example, a state official
hiring a private firm for a public project that will last up to three years. At the
beginning of each year, the official decides whether to hire the agent or not. If
the agent is hired, she implements the project. At the end of the year, the official
observes the firm’s action and whether the execution was adequate. Next, he makes
the hiring decision for the following year.

It is optimal for the principal to start the interaction small in such a setting.
Starting small leads to reputation incentives that benefit the principal. In the initial
periods, the bad agent does not want to reveal her type and displays the principal’s
desired behavior. Morris [2001] names this as the “ discipline effect” of reputation
incentives. Following the example above, the government official may be free to
choose the project’s relative size each year. He can dynamically decide which pro-
portion of the remaining project to implement in each period. This way, he can
control the reputational incentives of the agent. Alternatively, a third party may
allocate the stakes across the periods. The optimal allocation of stakes is such that
the bad agent is indifferent between investing in reputation or not in each period.

In the experiment performed in this chapter, I test the theory’s predictions with
four treatments. Each treatment involves a particular allocation of the stakes. In
one treatment, each period gets an equal stake. There are three treatments for

starting small. Stakes grow at a different speed in each treatment. I show that the
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smaller the interaction starts, the higher the reputation incentives are. The repu-
tation incentives of the agent benefit the principal to some extent. The principal’s
payoft is higher in the starting small treatments compared to the equal-stakes treat-
ment. Hence, if managed, these incentives can improve the equilibrium payoff of the
principal. Reputation incentives become more valuable in a setting, as presented in

this chapter, where there is a high risk of hiring the agent.

3.2 Literature Review

My analysis lies in the intersection of different branches of the literature. First,
it belongs to the literature on repeated interactions. Papers by Kreps and Wilson
[1982] and Milgrom and Roberts [1982b] were the first to formalize the effects of
the reputation that pioneered the conventional wisdom that the reputation concern
increases commitment power. They showed that introducing repeated actions and
information asymmetry leads to a reputation effect. I borrow the theoretical foun-
dation from Chapter 1. The model provided in this chapter departs from Chapter
1 in two aspects. First, the principal never observes the state of the world in the
initial chapters. In this chapter, the principal observes the agent’s action and the
true state of the world. Secondly, I exogenously set the interaction’s relative stakes
for simplicity during the experiments. We also share the same stage game with Ely
and Véliméki [2003]. They analyze an infinitely-repeated principal-agent game. The
interaction in my model has a finite horizon. In addition, I have varying relative
stakes in my analysis.

Second, there is a growing theoretical literature on the effect of starting small in
various repeated interactions. Most notable theoretical works include Sobel [1985],
Ghosh and Ray [1996], Kranton [1996], Watson [1999, 2002b], Atakan et al. [2020].
My model separates from earlier works on the stage game. 1 contribute to the
literature by showing that starting small is a valuable tool for improving payoffs in
a different environment.

Third, there is a substantial amount of experimental work analyzing repeated
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interactions.! The closest work to mine is by Grosskopf and Sarin [2010], who pro-
vided experimental work where a long-run player faced short-run players. They
found that the reputation is seldom harmful, and its beneficiary effects are not
tremendous as thought. They analyzed a repeated lender-borrower setup and con-
cluded that reputation incentives do not substantially affect the players’ behavior.
More importantly, other-regarding preferences seem to triumph the reputation con-
cerns. I reach the opposite result. I make the distinction between other-regarding
preferences and reputation concerns as follows. The bad agent prefers the blue color
in the one-shot game. Hence, if we observe the bad agent choosing green when the
state of the world is green, there are two possible explanations. First, it may stem
from other-regarding preferences. Consider the following scenario. The state of the
world happens to be green for two consecutive periods. In the first one, the bad
agent chooses blue - maximizes his stage game payoff. However, this action hurts
the principal. Then, in the second period, he decides to choose green. This way,
she gets a lower payoff but achieves a more fair allocation of payoffs between herself
and the principal. The second explanation is the reputation investment. The bad
agent may choose green in order to increase her reputation level. If the reason for
instances where the bad agent plays green was the other-regarding preferences, then
we would observe this behavior in any period - more precisely, including the last
period. However, there is no single observation where the bad agent plays green
in the last period. Hence, I conclude that reputation concerns triumph over other-
regarding preferences in our setup.

Fourth, gradualism has been experimentally shown to be valuable in different en-
vironments. Schelling [1960] suggested that dividing contributions into small pieces
is better to maximize contributions in public goods games. In this way, counter-
parts will be able to build trust through time. Duffy et al. [2007] experimentally
tested this prediction and showed that contributions are higher in dynamic games

than in static games. Weber [2006] showed that by gradually increasing the size of

!The most prominent earlier works include: Camerer and Weigelt [1988], Neral and Ochs [1992],
Anderhub et al. [2002], and Brandts and Figueras [2003]
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a group, we could enhance the cooperation within the group. Kamijo et al. [2016]
and Ye et al. [2020] showed that gradualism leads to maximum coordination in the
lab environment. Kurzban et al. [2008] and Kartal et al. [2021] analyzed repeated
trust games. They showed that it is optimal for the sender to implement a grad-
ualist strategy in certain environments, i.e., starting with small trust levels. The
participants prefer to start with small trust and gradually increase stakes.
Andreoni and Samuelson [2006] experimentally analyzed a twice-repeated pris-
oner’s dilemma game. They varied the relative stakes of the periods and found that
the optimum allocation of stakes is approximately one-third to two-thirds. Starting
small in this fashion contributes to cooperation in both periods and increases the
players’ payoffs. Andreoni et al. [2019] extended that analysis by endogenizing the
relative stakes’ decision. In their experiments, players chose the relative stakes, and
they found that starting small increases the cooperation and social payoff. Moreover,
they showed that when one of the players chooses to start small, more cooperation is
observed than the exogenous starting small. Hence, the players benefit from start-
ing small, and they allocate stakes strategically to maximize payoffs. Once a player
leaves higher stakes to the second period, the threat of ending relation after the first
period becomes considerable. The presence of a cooperative type can be manipu-
lated to enhance cooperation. They showed that the subjects could structure the
interaction accordingly, even for a short period to build a reputation. I analyze a
different stage game than Andreoni et al. [2019]. Moreover, there are other differ-
ences in our approach. They provided a prisoner’s dilemma and induced subjects’
types from the data. In comparison, I define two different types depending on the
existence of the bias. I impose preferences on the subjects by setting two different
payoff schemes for different types. They focused on the joint payoffs and showed
that it is maximized when the interaction starts small. I focus on principal-optimal

equilibrium because the principal is the only player with incomplete information.
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3.3 The model

For a project of three periods N = {1,2,3}, a principal considers making single-
period renewable contracts with an agent. At the beginning of each period i € N,
the principal hires the agent with probability \; € [0, 1]. If A; = 0, the agent is not
hired and the project is terminated. If A; = 1, the agent observes the realized state
0; € {0,1} which is not observable by the principal at the time, and takes action
a; € {0,1}. (Each state is equally likely, i.e., problf; = 0] = prob[d; = 1] = 0.50, and
independent across the periods.)

The agent can be good or bad type. The good agent shares the same preferences
with the principal, while the bad agent favors a; = 1 regardless of the realized state.
Having a prior probability p; € (0,1) that the agent is good type, the principal
updates his belief about the agent’s type as she observes a; and ;. Then the game
proceeds to the next period.

The timing of the stage game in period ¢ can be summarized as follows:

1. The principal decides whether to hire the agent. If A\; = 0, then the project is

terminated and the payoffs are realized.
2. If \; = 1, nature chooses the state 6; € {0,1}.

3. The agent observes §; and takes the action a; € {0,1}

The players maximize their expected payoffs. The expected continuation payoff
of a player in period ¢ € N is given by V; = 23:1 v;U; where U; denotes the stage
game payoff in period i. 7; € T is the stake (weight) of period i where I' = {1, 72,73}
such that 21'3:1 v; = 1. ' is common knowledge and constant for all players.

For i € N, the history is given by h; = (\;, a;, ;) while H; = (hq, ..., h;_1) denotes
the set of all histories before the principal takes a decision. The principal’s strategy
in 7 is given by A; : H; — [0,1] where A;(h) is the principal’s choice of A\;. The
belief of the principal in period i about the agent’s type is defined by the probability
of the agent being good, i.e., p; : H; — [0,1]. I; = (H;, \;,6;) is the information
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set of the agent in period 7 .

prob(a; = 0|6;) and the bad agent’s strategy is given by v% = prob(a; = 0|6;).

The good agent’s (mixed) strategy is given by puf =

pi&v; : 3 — A0, 1] where J; is the set of all period i information sets.

For 7 € N, the stage game payoffs are given in Table 3.1.

Table 3.1: Payoft table.

Good agent (and principal) Bad agent

0; =0 0; =1 0;=0160,=1
a=0 k kE—1 a=0|k—-1| k-1
a=1| k-1 k a=1 k k

where k is the stage payoff from the project. Note that k € (0,1/2).2

Table 3.2 summarizes the stage game strategy of the agents in period 7.

Table 3.2: Strategies table.

0 with probability p? 0 with probability !
good agent
1 with probability 1 — u? 1 with probability 1 — u}
0 with probability v? 0 with probability v}
bad agent
1 with probability 1 — v 1 with probability 1 — v}

2Note that if k > 1/2, the principal unexceptionally hires the agent. For instance, if p; = 0
(i.e., the principal knows that the agent is indeed a bad type), the expected payoff of the principal
is equal to k —1/2 > 0. That is, A\; = 1. On the other hand, if £ < 0, then the principal’s expected

payoff is negative even if the agent is a good type. I ignore k = 0 for convenience since this would

imply the principal’s hiring the agent only when she is a good type.
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In this repeated game with asymmetric information, there are multiple equi-
libria. We focus on the perfect Bayesian equilibria with Markovian property. In
that regard, history matters only in terms of its effect on the agent’s reputation.
Thus, if the agent has the same reputation record after two different histories, the
principal’s action is the same in both cases. The principal’s decision depends on
the past observations only through their effect on the agent’s reputation. More for-
mally, for any i € N and h,h' € H;, p;(h) = p;(h') implies X\;(0;, a;|h) = Xi(0;, a;|W)
and p;(h) = pi(R') and v%(h) = v%(h'). 1 select the principal-optimal equilibrium
as the equilibrium candidate whenever there are multiple perfect Bayesian equilib-
ria. Principal-optimal equilibrium corresponds to the equilibrium which yields the

highest payoff to the principal among other equilibria.

3.4 Experimental Design

In our experiment, a principal considers making single-period renewable contracts
with an agent for a project of three periods N = {1,2,3}. The probability of the
agent being a good type and the payoff from the project is given exogenously, i.e.,
p1 = 0.1, and k = 1/3, respectively.

There are four treatments based on the varying weights distributions exoge-

neously assigned across the interaction stages between the principal and the agent:

Figure 3.1 visualizes the treatment allocation of the treatments.
Treatment 1 is the baseline treatment where every period has an equal stake. In
the other treatments, the stakes start small and increase at varying speeds through

the periods. In Treatment 2,3 and 4, the stakes get doubled, tripled and quadrupled,
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Treatment 4 - 0.76

Treatment 3 - 0.69
Period
Feriod 3

Feriod 2

. Period 1

Allocation

Treatment 2 -

Treatment 1 - 0.33 0.33

0.00 0.25 050 0.75 1.00
Stake

Figure 3.1: The stake allocation for four treatments.

respectively. For each treatment, the payoff tables for each period are given in
Appendix C.

It is a between-subject design, i.e., each subject is allocated to only one of the
treatments. For each treatment, we run one session with 20 subjects. At the begin-
ning of each session, half of the subjects are randomly selected for the role of the
principal. Due to the commonly known p; = 0.1, 1 of the remaining ten subjects is
randomly assigned as a good type agent while the rest are assigned as a bad type
agent. In the experiment, neutral labels are used for good and bad agents, i.e.,
Type 1 and Type 2, respectively. The assigned role of each subject remains intact
throughout a session.

There are 15 super-games in a session. For each super-game, a principal is
matched with an agent (through the stranger matching rule) whose type is not
observable by the principal. Each super-game contains maximum 3 periods. The
payoft table for each period i € N of a super-game is common knowledge and

remains intact throughout a session. 2 of 15 super-games are randomly selected,
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and the subject’s earnings from these two periods are paid. For each period in a

super-game, the following steps are implemented:

1. The principal is asked about her belief concerning the probability of her
matched agent being of Type 1.

2. The principal chooses A\; € {0,1}, i.e., decides whether to hire the agent for

one period.

3. If Ay = 0, the super-game is terminated. If \; = 1, then 60; € {0,1} is set
by the computer. (In the experiment, “0” and “1” are tagged as “green” and

“blue”, respectively, i.e., 0; € {green, blue}.)
4. The agent observes the computer’s choice and takes an action a; € {green, blue}.

5. The period ends as the principal observes both the agent’s action a; and the

computer’s choice of ;.

6. Unless it is the third period, the super-game proceeds to the next period and
the steps 1-5 are repeated.

Prior to her decision in each period, the principal is reminded about the agent’s
past actions, realized states, and her payoffs. The principal cannot observe the
agents’ records in the past super-games. That is, reputation building by the agent
is defined within each super-game, not throughout super games.

The experiment consists of four modules. In the first module, the subjects are
given the instructions followed by an incentivized quiz on their comprehension. The
second module constitutes the main body of the experiment with the 15 super-
games. In the third module, the risk attitudes of the subjects are elicited via an
incentivized Holt-Laury task [Holt and Laury, 2002]. The experiment ends with a
survey module in which the subjects are asked to answer questions on demographics

in return for a fixed payment.
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Given the payoff tables in Appendix C, reflecting the implementation of different
stake vectors across treatments, approximating the range of potential earnings across
the treatments stands as a design challenge in our experiment. I handle this challenge
by employing different exchange rates for each treatment. As the first step in this
direction, we constrained each super-game’s monetary (Turkish Lira (TL)) payoff
to range between -20 TL and 10 TL in all treatments. Given the stake vectors
of the treatments, the payoff in each period needs to be a minimum of 273 ECU
(Experimental Currency Unit) (as the least common multiple of 3, 7, 13, and 21.)
In my aim to have exchange rates such that it is easy for the subjects to calculate
the monetary value of the ECU payoff, we employ 1/3, 1/7, 1/13, and 1/21 as the
rates in Treatment 1, 2, 3, and 4, respectively.

Two of the super-games in Module 2 are selected for payment at the end of the
experiment. That is, the minimum earning is potentially -40 TL in Module 2. In
order to compensate for this potential loss, subjects are given fixed payments and
chances to earn money in the other modules of the experiment. As fixed payments,
we give a show-up fee of 20 TL and, in Module 4, a survey participation fee of 10
TL. The subjects are not informed about the latter until the beginning of Module 4
in order to avoid an endowment effect. On the other hand, for each correct answer
they gave to the quiz questions in Module 1, the subjects received payoffs in ECU
worth of 2 TL, i.e., 6, 14, 26, and 42 ECU, respectively, across the four treatments.
In Module 3, the subjects could get payoffs at the Holt-Laury task. (Again, the
potential payoffs are adjusted to have approximately equal TL values across the
treatments.) Table C.5 in in Appendix C gives a summary of the payoffs.

The experiments were conducted via oTree [Chen et al., 2016] at the virtual
lab of BELIS (Bilgi Economics Lab of Istanbul). The subjects are undergraduate

students at various Istanbul Bilgi University departments recruited via ORSEE.
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3.5 Theory and Predictions

3.5.1 Reputation Building Behavior

The model predicts that, given any value of 6;, playing a; = 0 with a positive
probability augments the agent’s reputation. In other words, a; = 1 never improves
the agent’s reputation. Hence, the reputation concern corresponds to the agent’s

incentive to play a; = 0. Proposition 3.1 formalizes the argument.
Proposition 3.1. In the principal-optimal perfect Bayesian equilibrium,
1. There is a reputation incentive for the agent to play a; = 0 when 6; =0, i.e.,

Pi+1 (01 =0,a; = 0) > Pit1 (91 =0,a; = 1), Vi € N and Vh € H,;.

2. pi 2 pit1(1,1).
Proof. in Appendix E. O]

Note that p;11 (0,0) > p;41 (0,1) implies pf = 1. The good agent has no incentive
to play a; = 1 when she observes 6; = 0. That is, playing a; = 1 with a positive
probability when §; = 0 ( ) < 1) cannot be an equilibrium strategy for the good
agent since playing a; = 1 hurts both her stage game payoff and reputation. Hence,
p? =1 in the principal-optimal equilibrium. To simplify the notation, I will use y;
hereafter to refer to p}.

Given the strategies defined above, the principal’s equilibrium-path belief about

the type of the agent in period i + 1 (pi+1(0;,a;) - is updated by Bayes’ rule as

follows: 3
Pi
i an =
P (0.0 = o
Pz‘+1(07 1) =0

3u; = 0 and v} = 0 implies p;1(1,1) = p; .
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B Pifbi
piti + (1 = pi)v}

pi+1(1,0)

pi (1 — ps)
pi (1 —pi) + (1 —pi) (1 =)

pi-i—l(la 1) =

Prediction A.

1. The principal’s belief that the agent is the good type will be the highest after
{0,0}. More precisely, p;+1(0,0) > pir1(1,1) > pi1(0,1) *.

2. The principal will hire the agent most frequently after {0,0} followed by {1,1}
and {0,1}: Aip1(0; = 0,0, = 0) > N1 (0 = 1,0, = 1) > A1 (0; = 0,0, = 1).

I am looking for the principal-optimal allocation of v; when there is a sufficiently

small probability that the agent is the good type. My theoretical model predicts

1—k 1
1 knk‘”’i. I test k = 3 in our experiment; hence, the

the principal-optimal ~; =
31’—1
27
I's = {1—13, 13—3, 1%} For this allocation of stakes, the bad agent is indifferent between

predicted optimal stake allocation is as follows: ~; = This corresponds to
a; = 0 and a; = 1 in the first and second periods, while the good agent prefers a; = 0.
The principal hires the agent after observing a; = 0 and does not hire after a; = 1.
In this setting, the agent’s reputation increases gradually through her interaction
with the principal. I assume that the principal sets the relative stakes to implement
the principal-optimal allocation. This assumption does not alter the equilibrium
analysis as any third party can set the stakes whose objective is to maximize the
principal’s expected continuation payoff.

The bad agent plays a; = 0 with a positive probability in the first and the

second periods when 6; = 0. The mixing probability of the agent must stay within a

4In the equilibrium we experimentally analyze, the observation {a; = 0,6; = 1} is never
realized. The principal’s belief p;1(1,0) is free. Thus, I do not include this observation in the

predictions. Please refer to Remark 1 in Appendix for a detailed argument.
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certain range to meet the equilibrium beliefs. The reputation incentives of the bad
agent have a two-dimensional effect on the expected payoff of the principal. The
principal’s period i payoff is increasing in ©?. This corresponds to the “discipline
effect” of reputation incentives as defined by Morris [2001]. In addition, for large
enough k, the expected continuation payoff of the principal is also increasing in
v?. T focus on large k values in this analysis. We use principal-optimality as the
equilibrium selection criteria and for determining ©?. As the expected continuation
payoff of the principal is increasing in v?, the agent will play a; = 0 with the highest
probability satisfying the equilibrium conditions.

The following proposition formalizes the principal-optimal equilibrium.

Proposition 3.2. If we start with a sufficiently low initial reputation (py << (1 —

) 1 1—k
2k))andk21,%:1_k3

the following strategies constitute the principal-optimal perfect Bayesian equilibrium.:

k3~ is the principal-optimal allocation of stakes and

4kp1 (1 — k) 0 2kp
Vi = s Ve =
= p) (=267 (I—p)(1—2Kk)
vi&vy =0
&ty =0

)\i+1(0,0) = 1, )\i+1<9i7 1)&)\z+1(07 1) =0 fO'I" Gz S {O, 1}andz S {2,3}

Proof. Appendix E. O]

The principal’s ex-ante expected payoff is the highest if the stakes are allocated
according to I'3 = {1—13, %, %} The principal continues to hire the agent as long as

{0;,a;} = {0,0} is observed in every period.

Treatment 1: Equal stakes (T = {%, %, %})

The principal’s expected continuation payoff is negative in this allocation, more

precisely, —0.028. Hence, the risk-neutral principal is expected never to hire the
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agent. However, contrary to this theoretical prediction, hiring behavior is likely
to be observed in experiments due to home-made priors and/or risk preferences 5.
Thus, for the equilibrium, I assume A\; = 1.

Equal stake allocation implies no reputational incentive to exist in any period.
6 If {6;,a1} = {0,0} is observed in the first period, then the principal knows that
the agent is the good type. The principal hires the agent in the remaining periods

irrespective of the observation. Otherwise, the principal never hires the agent.

The following proposition formalizes the unique perfect Bayesian equilibrium.

Proposition 3.3. Set p; = 0.1 and k = % where the allocation of stakes is given by
I = {%, %, %} Assuming \y = 1, the following assessment constitutes the unique

perfect Bayesian equilibrium:
V=0 for 6; € {0,1} andp; =0V i € {1,2,3}
)\2(0,0) = 1, )\2(1,0) == )\2(1, 1) -2 >\2<0, 1) = O

Proof. Appendix E. O]

Treatment 2: Stakes start small and increase gradually (T'e = {%, %, %})

The principal has a positive expected continuation payoff: 0.0024. The agent has
a reputation incentive only in the first period. Compared to Treatment 1, there
are stronger reputational incentives. That is, observing {61,a;} = {0,0} leads the

agent’s reputation to evolve slower in Treatment 2 than in Treatment 1. 7

Proposition 3.4. Set p; = 0.1 and k = % where the allocation of stakes is given by

Iy, = {%, %, ‘—;} The following assessment constitutes the principal-optimal perfect

5See Camerer and Weigelt [1988] for the discussion on the home-made priors.

5The evolution of reputation is following in the above equilibrium: p2(0,0) = 1, p2(1,1) = p;
and p2(1,0) = p2(0,1) =0

"The evolution of reputation is as follows in the equilibrium: p5(0,0) = %, p2(1,1) =

P1, p2(170) = p2(07 1) = Ov p3(050) = 17 PS(L 1) = P2, p3(150) = p3(07 1) =0.
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Bayesian equilibrium:

V) = 2 :2 vy =0

vl =pu;=0Vie{l,23}
)\2(0,0) - 1, )\2(1,0) == )\2(1, 1) == )\2(0, 1) - 0
1
A3(0,0) =1, A3(1,1) = 5 A3(1,0) = A3(0,1) =0

Proof. Appendix E. n

Treatment 3: Stakes start small and increase at medium speed (T's = {%, %, %})

The principal has an expected continuation payoff of 0.0218. The agent has a rep-
utation incentive in all periods except the last one. Compared to Treatment 1 and
Treatment 2, the reputation will evolve slower. Due to Proposition 3.2, I's is the
optimal allocation of the stakes for the principal. As there are more reputation

incentives, the reputation of the agent will evolve slower in this setup. &

Proposition 3.5. Set p; = 0.1 and k = % where the allocation of stakes is given
by I's = {1—13,1—%,%}. The following assessment constitutes the principal-optimal

equilibrium:

0 8p1 8 o 2p

vy = = =, Vy =
Yl 907 1o

vi&p; =0 for i€ {1,2,3}

Proof. Appendix E. n

8The evolution of reputation in the equilibrium: p3(0,0) = &, p2(1,0) < &, p2(0,1) =

1 1 1

0, P2(1>1) =pP1= T07 ;03(070) = ga p3(150) < §7 P3(07 1) =0, pS(la 1) = p2.
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Treatment 4: Stakes start small and increase at high speed (T'y = {%, %, %

This allocation of stakes clearly implies high reputation incentives. That is, if the
principal hires the agent after observing (0, 6;), then the agent’s best response will
be to play a; = 0 with probability 1. Then, the reputation is not updated. As the
initial reputation is sufficiently low, this behavior can not constitute an equilibrium.
Thus, the principal plays a mixed strategy. The principal gets the expected payoff
of 0.013 in this setup. °

Proposition 3.6. Set p; = 0.1 and k = L where the allocation of stakes is given

3
by I'y = {%,%,%}. The following assessment constitutes the principal-optimal
equilibrium:
o_ 8p;1 8 2p9

0
vy = = -, Ve —
! I—p1 9 ? 1 —p2
vi&pu; =0 for i€ {1,2,3}

3
/\2<07 0) = >‘3(O7 0) - Z

Ai(1,1) =0 for i€ {2,3}

Proof. Appendix E. n

Prediction B. The smaller the interaction starts, the (weakly) higher are the rep-

utational incentives. °

9The evolution of reputation is as follows in the above equilibrium: p3(0,0) = %, p2(0,1) <
5, p2(1,0) =0, pa(1,1) = p1, p3(0,0) = %, p3(0,1) < %, p3(1,0) =0, p3(1,1) = pa.

10Tn Treatment 3, we choose the highest v/ (that is supported in the equilibrium) to define the
principal-optimal equilibrium. Highest 0 corresponds to the lowest p;11(0,0). Hence, we choose
the highest probability with which the agent invests in reputation and the slowest evolution of
stakes. In Treatment 4, on the other hand, the model predicts a unique strategy of the agent.
The reason is that the mixing strategy of the agent needs to be so that the principal is indifferent
between hiring or not, and hence, the principal mixes his own strategies. As I show that the agent’s
strategy is the same in Proposition 3.5 and 3.6, I can conclude that the reputation incentives will

be weakly higher in Treatment 4.
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3.5.2  Payoffs

The theoretical model predicts that if the agent’s initial reputation is sufficiently
low, the principal-optimal allocation of relative stakes is such that the bad agent is
indifferent between a; = 0 and a; = 1 in each period. The stakes increase gradually
in the equilibrium; hence, our findings comply with the literature on gradualism. If
the interaction starts with a higher stake and the stakes evolve slower (Treatment
2), then the agent will not have sufficient reputation incentives. On the other hand,
if the interaction starts very small and the stakes increase rapidly (Treatment 4),
the reputation incentive will be so high that the principal cannot update his belief
regarding the agent’s type. Hence, gradualism with the “right” speed is expected to
lead to the highest payoft.

Prediction C. In terms of the expected payoff of the principal, the stake allocations

are ranked as follows: T's > Ty > Ty > Ty, 1

According to this prediction, starting the interaction small is better for the prin-
cipal if the initial reputation is sufficiently low. However, if the stakes do not increase
at the right speed, there will be an excess or a deficit of reputation incentive. Hence,
the result will be sub-optimal for the principal. If the interaction starts smaller than
the equilibrium stake and evolves faster, there will be high reputational incentives.

However, three types of gradualism are preferred to starting small.

3.6 Results

I ran the experimental sessions in December 2020. For each treatment, we run one
session with 20 subjects. The average duration of a session was approximately 100
minutes. The subjects received 52 TL on average as experimental earnings.

In the following subsections, I present our experimental findings on the principal
and agent behavior as well as their incentives and realized payoffs.

The subject’s behavior is in accordance with the predictions of theory to some

extent. The reputation incentives and the principal’s average payoff are observed

HUP(T3) = 0.0218, UF(T4) = 0.013, UF(T2) = 0.0024, UF(T1) = —0.028
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to vary across treatments. As expected, the smaller the interaction starts, the more
reputation incentives are there.

The first thing to note is that the good agent never plays the action different
from the state. They follow the babbling strategy.

The main divergence from the predictions occurs when the bad agent plays action
1 when the state is equal to 0. The good agent has no motivation to act accordingly;
hence the principal is expected to not hire the agent after observing such an outcome.
However, the principal hires the agent in 64.6% of all such occurrences. This behavior
can be explained by risk incentives and subjective beliefs about the next period’s

state in the following subsections.

3.6.1 Agent Behavior and Reputation Incentives

I measure the agent’s reputation incentive by the frequency of the bad agent playing
a; = 0, i.e., 9. It should be noted that, theoretically, there remains no reputation
incentive in the last (third) period, so we expect v5 = 0 in all treatments. Our
experimental data confirm this prediction: none of the bad agents plays as = 0.
Hence, we can deduce that v > 0 for i = {1,2} stems from reputation incentives
rather than some other motives of the bad agents (such as altruistic preferences, for
instance.) For the analysis, I focus on the first-period reputation incentives since
the second-period reputation incentives depend not only on the allocation of stakes
but also on the first-period outcomes.'?

My theoretical model predicts two possible equilibrium behavior when 6; = 1:
The first is the babbling equilibrium behavior at which both types of agents play
a; = 1. The principal’s out-of-equilibrium path belief p;1(1,0) must be sufficiently
small so that the agent has no reputation incentive to play a; = 0. I observe babbling
equilibrium behavior in almost all treatments in our experimental data. The second
equilibrium behavior is the reputation-building behavior which I seldom observe
only for the bad agent in Treatment 3. In the 16 of total 72 occurrences of 6; = 1,

i.e., va = 0.22, and py(1,0) is reported to be 49.1 on average. Given these results, I

120ur results indicate a similar yet insignificant trend for the second-period incentives.
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focus on the case #; = 0 to analyze reputation incentives.

In Table 3.3, T report the observed v and the outcome of logit regression. Our
experimental results confirm the Prediction B that the smaller the initial stake is,
the stronger the reputation incentives are, i.e., v;(T1) < 1;,(T2) < v;,(T3) < v;(T4)
for i = {1,2}.13

3.6.2 Beliefs

When a period starts, the principal is asked about his belief in the agent’s probability
of being the good type. At the beginning of the first period, they are informed that
there is a 10% chance of matching with a good agent. 85% of the principal reported a
belief of 10% in the first period, and the mean belief is 13%, which is reasonably close
to the objective probability of the agent being the good type. Overall, principals tend
to report higher beliefs (compared to Bayesian updating). One such instance is as
follows. After observing action blue and state green, we expect the principal’s belief
to be zero. However, the average observed belief in period 2 after such observation
is 10%. This phenomenon can be explained by the homemade prior beliefs of the
principals about the agent’s type.

If a; = 1 and 6; = 0 is observed in any period, then it implies that the agent is a
bad type, i.e., pi+1(0,1) = 0. If a; = 1 and 6; = 0 is observed, 87% of the principals
reported belief equal or below 10% (54,5% being equal to zero). Even though it is
significantly away from the expected belief of 0, we observe that {#;,a,} = {0,1}
decreases the agent’s reputation. If we define Apgjas pa — p1, the mean Aps; is equal
to —3,2, and 91, 84% of observed Apy; values are non-positive. In percentage terms,
the average change in beliefs is —112%. Aps2(0,1) has also a negative mean of -4.5.

As expected, {61, a1} = {0,0} increases the agent’s reputation for all treatments.

13In Treatment 1, our model predicts a rational bad agent to have no incentive to differentiate
between her actions depending on the state. However, if the agent has other-regarding preferences,
then we expect to observe the bad agent playing a; = 0 more frequently when § = 0 compared to

0=1.
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Aps1(0,0) has an average of 28.65 across all treatments where the average po1(0,0) =
42.76. We expect it to be higher in the treatments with lower reputational incentives;
however, no such trend is observed. Apss(0,0) has a mean of 18, which again holds
with our expectation of reputation concerns at force.

The principals seem to be more optimistic than the theory predicts when {6,,a,} =
{1,1} is observed. At best, we expect no reputation loss, i.e., no reputation update.
However, the average Apoi(1,1) is equal to 5.3 across all treatments, significantly
different from 0. On the other hand, Apss(1,1) is equal to 4.9, which is not different
from 0 at 99% significance level. Table 3.4 and Figure 3.2 summarize the change in
belief results. 4 The belief updating is far away from Bayesian updating. However,
the sign of change in beliefs follows what theory predicts. Table 3.5 and Graph 3.3
show that Prediction A is confirmed.

In addition to the principal’s belief about the agent’s type, there seems to be
another subjective belief in force. In the survey, at the end of the experiment, the
subjects were asked about their beliefs in the next period’s state being 0, given that
the current period’s state is 0. Most of them reported beliefs (7(6;41 = 0|6; = 0))
less than 50%. This belief, alongside risk behavior, can explain why some of the
principals continued hiring the agent after observing {01, a;} = {0,1}. Even if they
knew that there is a small or no probability that the agent is a good type, they
subjectively believed that the probability of two consecutive period’s states being
0 is sufficiently low; hence they hired the agent. Furthermore, they reported lower
belief on the third period’s state being 0 given state 0 is observed in the first two
periods (m(f3 = 0|0, = 0& 0, = 0)).

14 Although OLS results give us more insight, a closer look suggests that the change in belief
data is not normally distributed. As a complementary perspective to look at the data, we run
a non-parametric test. We apply Wilcoxon rank-sum (Mann-Whitney) test on belief change and
obtain exactly the same outcome. More precisely, Apaq(0,0) >*** Apaq(1,1) >*** Apsy(0,1).

15 Although OLS results give us more insight, a closer look suggests that the belief data is
not normally distributed. As a complementary perspective to look at the data, we run a non-
parametric test. We apply the Wilcoxon rank-sum (Mann-Whitney) test on beliefs and obtain the

same outcome. More precisely, p2(0,0) >*** pa(1,1) >*** ps(0, 1).
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Note that m(6;11 = 0]6; = 0) first-order stochastic dominates 7(6;5 = 0[60; =
0& 60y = 0), which is no surprise (Table 3.6). The subjects form a subjective belief
in the state such that there is a less than 1/2 probability of observing state 0 in
two consecutive periods. Observing 0 in all three periods is expected to be even less

likely.
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Figure 3.2: Change in believes. (01 corresponds to the observation of state 0 and

action 1.)

3.6.3 Principal Behavior

The principal hires the agent if he expects a non-negative payoff. A risk-neutral

principal with no subjective belief in the state does not hire the agent if he knows
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Figure 3.3: Second period believes. (01 corresponds to the observation of state 0

and action 1.)

the agent is a bad type with a high probability. In the particular case where the
agent plays action 1 while the state is 0, the principal should not hire the agent.
However, we observe a positive hiring rate after such an occurrence. In general, the
hiring rates are higher than the theory’s prediction. Homemade priors about either
the type of the agent or the state in the next period combined with risk preferences
may lead the principal to hire the agent even in circumstances where a risk-neutral
principal is expected not to hire the agent.

The behavior pattern, on the other hand, is in line with the theory’s predictions.
The higher the principal’s reported belief in the agent’s type is, the higher the
hiring rate is observed. Moreover, the hiring rate is the highest after {0;,a;} =
{0,0}. The agent is the least hired after {6;,a,} = {1,0}. As discussed earlier, we
expected this rate to be 0. Although this prediction is not met, the hiring rate is

still sufficiently low compared to other observations in the first and second periods.
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Table 3.7 summarizes the logistic regression results. Prediction A.2 receives full

support, as seen from the table.

3.6.4 Payoff Comparison

The principal prefers to start the interaction small if the agent is a bad type with
a sufficiently high probability. The intuition is that the principal can benefit from
the reputation incentive of the agent. Morris [2001] defines three effects of the
reputation incentives. First is the “discipline effect,” which is responsible for the
biased agent to play the action matching the state in the initial periods. It is the
most prominent effect in our setup. The smaller the interaction starts, the higher
the reputation incentives, hence the higher the discipline effect is. The second is the
“sorting effect,” which enables the principal to update his belief about the agent’s
type. In the babbling equilibrium - which is observed in most of the games - this
effect is reversed. The principal can not update his belief after §; = 1 if both agents
play action 1 with a probability of 1. On the other hand, if #; = 0, the principal
would know the agent’s type in the absence of reputation incentives. In such an
environment, the good agent will play a; = 0, and the bad agent will play a; = 1.
The strategies imply p;+1(0,0) = 1 and p;41(0,1) = 1 by Bayes’ rule. The third
effect is the “political correctness effect,” which arises when the good agent plays
action 0 to increase reputation when the state is 1. However, we observe that the
good agent always plays the action matching the true state. Hence, this effect also
does not apply to the setting of this chapter.

To compare the principals’ payoff across treatments, I collect the strategies across
all periods and run a simulation based on the strategies. Approximately 1000 ob-
servations per treatment are obtained. Two simulations are conducted. In the first
one, all the strategies are gathered. I observe that the payoffs in Treatment 2 and
Treatment 4 are significantly higher than those in Treatment 1. There is no other
significant difference. With this data, I can conclude that starting small is preferred
over the equal-stakes treatment. (Table 3.8)

In the second simulation, I focus on the strategies of slightly risk-neutral subjects.
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I have a self-assessment risk question and an incentivized version of the Holt-Laury
task [Holt and Laury, 2002] to measure the risk preferences. In this simulation, I
exclude the subjects in the extremes in either of these two risk assessment methods.
More precisely, the subjects who reported self-riskiness less than 2 and higher than
8 (on a scale between 0 and 10) and those whose switching point is greater than 9
or less than 2 at the Holt-Laury task are excluded. The reason for making a weak
restriction such as relative risk neutrality is not to lose many observations. Here I
observe all three starting small treatments to lead to a higher payoff to the principal
than the equal stakes treatment. No significant difference among the starting small
treatments is observed. As the expected payoffs in these treatments are close, it
is difficult to identify a significant difference among them through experiments. I
conclude that Prediction C is partially supported.

[ run an additional simulation where the “ consistency” restriction is added to the
above-defined slightly risk-neutral agents. Consistency is defined as not hiring the
agent if action 1 is observed given the state is 0. The reason for using the observations
rather than beliefs to define consistency is that a considerable amount of principals
report a positive belief after such outcomes. It may stem from home-made priors or
belief that a good agent may have made a mistake. Moreover, another belief that
may lead the principal to hire the agent is the subjective belief in the next period’s
state. As discussed earlier, the subjects tend to believe the next period’s state will
be 1 with a probability higher than 0.5 given # = 0 is observed in the current period.
Hence, by focusing on the hiring outcome for the restriction, I can control for both
these beliefs. I do not exclude the whole super-game in which A;11(0,1) = 1 for some
¢. Rather, I include the super-game strategies in the simulation and make correction
for A;i+1(0,1) as A;11(0,1) = 0. In this simulation, starting small treatments lead to
higher payoffs again. Moreover, Treatment 3 leads to a significantly higher payoff
compared to Treatment 2. As the expected payoff in Treatment 3 and 4 is close, I

cannot conclude on the comparison.'6

1674 > T3 >** T2 >** T1, T4 >** T1, where *p < 0.10, *p < 0.05, **p < 0.01.
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3.7 Conclusion

Repeated play becomes valuable in settings of uncertainty and asymmetric infor-
mation. The agent holds reputation incentives in a repeated interaction between
a principal and an agent. A high reputation level is vital for the agent because it
determines the principal’s future hiring decisions. I show that reputation incentives
depend on the relative importance of periods of interaction. Investing in reputation
may be costly. In such circumstances, the agent faces a trade-off between taking the
costly action that will increase her reputation and the action that maximizes the
period payoff. The future interaction’s stake should be sufficiently high for the agent
to invest in reputation. The main focus of this chapter is whether the principal ben-
efits from the reputation incentives of the agent. I theoretically and experimentally
show that it is optimal for the principal to start the interaction small in an environ-
ment with a low probability that the agent is a good type. Reputation incentives
motivate the bad agent to play the action matching the real state.

This chapter shows that we can measure reputation incentives via online exper-
iments. I observe that principals and agents comprehend the reputation incentives
and act accordingly. The higher the future stakes are, the higher the reputation
incentives are. In the baseline treatment, each period receives an equal stake. It
corresponds to the classic repeated interaction without discounting. In this setup,
the importance of decisions does not vary across the periods. If the interaction lasts
for three periods, I expected there to be no reputation incentives. I observed small
reputation incentives. In the starting small treatments, higher reputation incentives
are observed. More precisely, the faster the stakes increase, the higher the reputation
concerns.

Principals’ belief updates and hiring frequencies are also observed to align with
the theory’s predictions. The hiring frequency is the highest after the computer and
the agent choose (green, green). As expected, the principal hires the agent the least
after the agent chooses blue when the computer’s choice is green. This outcome

signals that the agent is a bad type for sure. However, we observed a positive hiring
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rate. I explain this with two phenomena. First, our theoretical results rely on the
risk neutrality assumption. The subjects might want to take a risk and hire the
agent even if they know that she is a bad type. Second, the subjects might put a
probability less than 1/2 to the possibility of the computer choosing green in two
consecutive periods. If a principal knows that the agent is a bad type and believes
that the computer will choose blue with a sufficiently high probability in the next
period, it is rational to hire the agent. Answers to the related survey questions
justify this statement. Many subjects reported that they believed the computer
would choose green with a probability of less than 1/2 in the next period, given that
it has chosen green in the current period.

I conclude that starting the interaction small improves the principal’s payoff in
an environment with high uncertainty. It helps the principal in three ways. First,
as the principal is cautious about the agent, starting with small stakes means lower
risk. Second, starting small and gradually increasing the stakes “ disciplines” the
bad agent to choose the same color as the computer. Lastly, the principal can
observe the agent’s behavior and decrease the uncertainty in the further periods

where there are higher stakes.
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Table 3.3: Reputation incentives across treatments.

(1) (2)
V? rep
0.098
Treatment 1
(0.04)
0.324 0.83***
Treatment 2
(0.06) (0.27)
0.492 1.27%**
Treatment 3
(0.06) (0.27)
0.81 2.18%**
Treatment 4
(0.05) (0.28)
—1.29%**
Constant
(0.22)
N 263

(1) Observed average probabilities of the bad agent play-
ing a; = 0 when 6; = 0. Standard errors in parentheses.
(2) Probit regression of probability of the bad agent play-
ing a; = 0. Standard errors in parentheses. Dependent
variable is reputation. It takes value 1 if the bad agent
plays a1 = 0, 0 otherwise given that 6; = 0.

*p < 0.10, **p < 0.05, ***p < 0.01.
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Table 3.4: Belief change.

{61, a1} Apai(az,bh)
28.65***
)" (2.6)
5.31%**
g (1.1)
—3.09***
101 (1.39)
Constant No
Subject fixed effects Yes
R-squared 0.25

OLS regression results of difference between

second period belief and the first period be-

lief on the first period’s observation. Stan-

dard errors in parentheses.

*p < 0.10, *p < 0.05, **p < 0.01.
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Table 3.5: Belief update.

{01, 01} p2
42,77
0.0} (2.33)
18.61***
i (1.27)
10.61**
101} (1.84)
Constant No
Subject fixed effects Yes
R-squared 0.534

OLS regression results of second period rep-

utation on the first period’s observation.

Standard errors in parentheses.

*p < 0.10, **p < 0.05, ***p < 0.01.

Table 3.6: Frequency of subjective believes in the state.

0.5 0.4-05 0.3-04 0.2-0.3 <02 N
703 = 0101 = 0& 6, = 0) 45% 10% 18.75% 10%  16.25% 80
Cumulative 45% 55% 73.75% 83.75% 100%
(01 = 0| 6; = 0) 55%  10%  15%  10%  10% 80
Cumulative 5%  65% 80% 90% 100%

7m(0;11] x) denotes reported subjective belief in ;11 given z is realized.
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Table 3.7: Hiring behavior.

{92'_1, ai_l} Odds Ratio
0.0} 13. 7%
0,0

(3.17)
o 5.25%**
1,1

(0.61)
0.1) 1.83***
0,1

(0.22)
N 294
Logistic regression.  Standard errors in

parentheses. Dependent variable is hiring.
It takes value 1 if the agent is hired, 0 oth-
erwise.

*p < 0.10, **p < 0.05, ***p < 0.01.

Table 3.8: Payoff comparison.

General T4>T2>T3>T1, T2>**T1, T4>"*T1

Slightly risk neutral 74 >7T3 > T2 >**T1, T4>"*T1,

T3 >*T1,

Wilcoxon rank-sum (Mann-Whitney) test.
*p < 0.10, **p < 0.05, ***p < 0.01.
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Appendix A

CHAPTER 1 PROOFS

Proof. Lemma 1.1

I first show that there are no reputation concerns in the last three periods in any
equilibrium, i.e., both types of agents play the stage-game ideal actions (the action
matching the state of world for the good agent, and action 1 for the bad agent).
Suppose in an equilibrium, the agent plays a different strategy. The maximum
payoff she can get in the last three periods is £ — 1 4+ 2k. However, if she deviates
to the stage-game ideal action, she gets a payoff weakly greater than k. k < %
implies & > k — 1 + 2k. Thus, in any equilibrium, @ = 1, pui = 0, v; = 0 for
i € {n —2,n — 1,n}. It in turn implies by Bayes’ rule, p;11(0) > p;+1(1) for
ie{n—2n—1}.

Consider period n — 3. As there are no reputation concerns in the last three
periods, agent’s payoff is weakly increasing in p,_o. Suppose for contradiction that
Pn—2(1) > pn_2(0). Realize that this implies v,_3 = 0. If the good agent plays action
0 with a positive probability, then p,_2(0) = 1, contradicting p,—2(1) > pn_2(0).
Thus, pp_2(1) > pn_2(0) can only hold if u® 5 =0, ul 5 =0, i.e. both agents play
action 1 with probability 1.

Sequential rationality of the agent implies that this can only be an equilibrium
strategy if after observing a,,_3 = 1, the agent is hired for at least two more periods.
Suppose this is not the case. The highest payoff the agent can get is when the agent
is hired in period n — 2, but not hired in period n — 1 if a, o = 1 is observed.
Consider 6,,_3 = 0. Good agent gets payoff of £ — 1+ k + %Qk if she plays a,_3 = 1.
However, deviating to action 0 yields payoff k£, which is strictly greater. Hence,
a,—3 = 1 given 6,,_3 = 0 can not be an equilibrium strategy.

Let m > 2 as the number of periods for which the agent is hired following
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a,—3 = 1 as long as no action 0 is observed afterwards. Then, the good agent’s

equilibrium payoff starting in period n — 3:

VY, = <k — %) +mk + (1 - 2%) (3 —m)k (A1)

Decomposing A.1:

° (k — %) : Period n — 3 stage-game payoftf.

e mk : As the agent is hired for m periods for sure (after any observation), she

gets payoff of k in m periods.

o (1—5)(3—m)k: a; =0 is observed in any of the m periods with the prob-
ability (1 — 2%”) If that is the case, the agent is also hired for the remaining
periods, 3 — m periods, and gets payoff of k£ in each period.

Let uf, ui =0, v; =0 fori € {n —3,n —2,n— 1}. Under this strategies, the
agent is hired for at least m periods starting in period n — 3 even if no action 0 is
observed. The reasoning is as following. If the agent is hired in period i« when the
reputation is p’, then the agent is also hired in period i — 1 with the same reputation
level. As the number of interaction periods increase, the principal hires the agent
for weakly lower reputation levels. Under these strategies, the good agent gets the

payoff at least:

VI . >mk+ (1 — 2%) (4—m)k (A.2)
Now I will show that this strategies constitute an equilibrium. The only profitable
deviation for both agent is to deviate to action 0 in period n — 3. Such deviation
yields a payoff of &k — 1 + 3k to both agent, which is strictly less than A.2; since
m > 2and k < % Similarly, the bad agent does not have a profitable deviation. She
gets payoff at least mk under the proposed strategy profile, which is strictly greater

than her payoff from deviating to action 0: k£ — 1 + 3k.
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Since A.2 is strictly higher than A.1, both type playing action 1 can not be a part
of an agent-optimal equilibrium. This prove that, in the agent-optimal equilibrium
pi+1(0) > piya(1) for i € {n —3,n —2,n — 1}.

Next, I will show that the agent’s payoff is weakly increasing in reputation in
period n — 3 in an agent-optimal equilibrium. Define p{,_, such that A,_o = 1 if and

only if p,—o > pl, 5. If p,_3 is so that 2_—;”_3 > pl 5, then in any agent-optimal
equilibrium, there is no reputation concern. More formally, p) = u} = v; = 0 for
i€ {n—3,n—2,n—1,n} Inthis equilibrium, good agent gets the payoff weakly
greater than 2k + %2/9 The higher p,,_3, the agent is hired for weakly more periods,
hence gets a weakly higher payoff. This is the highest payoff agent can get in any
equilibrium. In any equilibrium with reputation concerns, the good agent can get at
most k — 1 + 3k, which is strictly less. Therefore, in any agent-optimal equilibrium,

no reputation concern must be true.

20—
1+ phs
this case because p, _5(0) = 1 and the bad agent will deviate to play action 0. Thus,

Now consider p,_3 < . No reputation can not be equilibrium strategy in

there will be reputation concerns in this case and the maximum payoff the agent

can get is given by k£ — 1+ 3k. Observe that it is strictly less than the payoff of the
20n—2

L0,

2072

1+ pns
reputation in period n — 3.

agent when p,_3 > . Also, I showed that the payoff is weakly increasing

in reputation for p,_3 > . Thus, the agent’s payoff is weakly increasing in
I finalize the proof with induction method. Consider period i such that p;1(0) >
pi+1(1) and pf = 1 for all j > . I will show that p;;1(0) > pj1(1) implies
pi+1(0) = pir1(1).
Suppose p;+1(1) > p;+1(0). Following the same reasoning above, it can only hold
if both agent play action 1. There are 2 cases to consider.
Case 1
No reputation concern in any following period ({i,i+1,...,n}) is an equilibrium.

Suppose p; is such that the agent is hired for ¢ periods if no action 0 is observed.
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If tk > k—1+4 (n — i)k, then no agent has a profitable deviation, hence it is an
equilibrium.

pi+1(1) > pir1(0) can only hold if both agents play action 1 with probability 1.
Following the same steps above, for this to be a port of an equilibrium, p; must be

above certain level so that the agent is hired for m > 1 periods. Hence,

1 1

V;g:(k—§)+mk+<1—2—m)(n—i—m)k; (A.3)
On the other hand, in the equilibrium where there are no reputation concerns, the
agent gets:

1 :

Vimek+<1—2—m) (n—1i—m)k (A.4)
A 4 is strictly higher than A.3, hence the no reputation yields a higher payoff to the
agent.
Case 2

No reputation concern in any following period is not an equilibrium. More for-
mally, consider p; is such that the agent is hired for ¢ periods if no action 0 is
observed. If tk < k — 14 (n — i)k, then the agent will deviate to play action 0 in
period 1.

Again p;11(1) > p;+1(0) can only hold if both agents play action 1 with probabil-
ity 1. Following the same steps above, for this to be part of an equilibrium, p; must
be above certain level so that the agent is hired for m > 1 periods. The difference
is that there will be reputation concerns in the period i + 1 (as pf,; =1, v41 =0
can not be an equilibrium strategy because it implies p;;2(0) = 1) . The maximum

payoff the good agent can get in this formation:

%gz<k—%>+<k—%)+(n—i—m)k (A.5)

On the other hand, consider the following equilibrium. The agent may screen her

type in period ¢ rather than in period ¢ 4 1:
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X?Z(k—%>+m—i—m% (A.6)

A.6 is strictly higher than A.5, hence screening earlier yields a higher payoff to
the agent.

Proof. Lemma 1.2
Suppose for contradiction that there is an equilibrium where p? < 1 for some i.
From Lemma 1.1, p;11(0) > pix1(1) and V%, (.|a; = 0) > V% (.|a; = 1). Hence, the

agent will deviate to a; = 0 and increase both U7 and V. O

Proof. Lemma 1.3

L+
From Lemma 1.1, p;11(0) > p;+1(1) implies v; < 5 O

Proof. Proposition 1.1
Suppose for contradiction that there is an equilibrium where p; > 0 for some ..

The maximum continuation payoff the agent can get from playing action 0 is
k—1+(n—1ik

1

k< 1 implies the agent will deviate to play action 1 and get the payoff of k. [J

Proof. Proposition 1.2
(a) If the principal hires the agent in period i, then the expected payoff of the
principal:

1 1 1

Vi ipik‘i‘épi(ﬂi(k_1)+(1_Ui)k>+(1_pi) k—§

Which is negative for all values of u; and v; if p; < 1 — 2k. Thus, the agent is not
hired in the period 7. Hence, the agent’s reputation is not updated, and she will not

be hired for all the remaining periods. The agent is never hired if p; < 1 — 2k.
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(b) It is seen from the expected payoff in (a) that the expected payoff of the principal

2k+p; — 1
is non-negative if y; < —— . Hence the principal hires the agent only if the
Pi
good agent plays action 0 with a sufficiently low probability. O]

Proof. Proposition 1.3
First, observe that p; = 0& v; = 0 for all ¢ is an equilibrium strategy for p; >
(1 — 2k)2n2

(1—2k)2"2+Fk
is hired in every period irrespective of the history. The agent has no profitable

By Bayes’ rule, p,, (1) > 1—2k after any history H,, and the agent

deviation as deviation to play action 0 in any period ¢ leads to the continuation
payoff of (n — i+ 1)k — 1 which is less than (n —i+ 1) k.

The next thing is to show agent-optimality. The agent gets the payoff of k, which
is the highest possible payoff she can get. In any equilibrium where the p; > 0 (
v; > 0), the good (bad) agent gets a payoff less thank & ]

Proof. Lemma 1.4

1
Consider period t. Following the reasoning in Proposition 1.1, n < E+ t implies

the agent has no reputation concern in all the remaining periods. Thus, u; = v; =0
for i € t,t +1,...,n. The agent is hired in period ¢ if p, > 1 — 2k. By Bayes’ rule,
p1 > P(t) implies p, > 1 — 2k if p; = 0Vj < t.

Final step is to show p; = 0Vj < t. Consider period ¢ and a history h such
that p; > 1 — 2k. Sequential rationality constraint of the good agent implies p; = 0
irrespective of the bad agent’s strategy. Agent gets a minimum payoff of k£, and she
can get maximum payoff of K — 1 4+ (n — t)k by playing action 0 with a positive

1
probability when 6, = 1. n < z + t implies the agent has no incentive to set

ty > 0. The same reasoning applies to the bad agent, hence v, = 0. Continuing
with backward induction, we observe that good agent has no incentive to set p; > 0

for any j < t. Bad agent follows.

Proof. Lemma 1.5
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2k + Pi — 1
From Proposition 1.2, the agent is not hired in period ¢ if p; > p; = ——.
Pi
Hence p; < 1 in any period where the agent is hired. pu; < 1 implies v; < 1

from Lemma 1.3. I will show that in any equilibrium, if p;41(0) < P(n — 1) =
(1 — 2k)2n—2

(1—2k)2r2 4+ &’
reputational incentives compared to the bad agent.

then v; > 0 implies pu; = 1, i.e. the good agent has more

Consider the last period 7 in which the bad agent has a reputational incentive in
an equilibrium. Following the reasoning in Proposition 1.1, there is no reputational
incentives in the last three periods, hence there is such period + < n — 2. In such
period, the reputation level must be close enough to 1 — 2k such that it is a critical
period and the agent is not hired for the remaining periods if action 1 is observed..
For contradiction, consider period ¢ such that the bad agent is hired for at least
1 periods after action 1 is observed and he has no reputational concern for the
remaining periods. Define the number of periods m and [ as following. If a; = 0
and action 1 is observed for the remaining periods, the agent is hired for m periods.
As the bad agent will not play action 0 with a positive probability, she will be hired
for exactly m periods after a; = 0. On the other hand, if a; = 1 is observed and no
action 0 is observed in the succeeding periods, then the agent is hired for [ periods.
By the same reasoning, the bad agent is hired for exactly [ periods after a; = 1.
Note that n — ¢ > m > [. 1 will show that if period i is the last period where the
bad agent has reputational incentives, then [ = 0.

The sequential rationality constraint of the bad agent for v; > 0 implies:
k—14+mk=k+1lk < mk—-1=1k

Consider period ¢ + 1 such that a; = 1 is observed. I assumed v;,; = 0, hence
pire(0) = 1. If the bad agent plays a; = 1, then she will be hired for [ — 1 periods.
On the other hand, if she deviates to play a;;; = 0, then she will get a payoff of
(n —i)k — 1. If n —4 > m, then the bad agent will deviate to play action 0. If
n — 1 = m, then the bad agent continues to hold reputational incentives. Thus, in

the last period where the bad agent holds reputational incentives, the agent is not
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hired after action 1.

Now, consider such a critical period where the reputation is sufficiently low, and
the bad agent has reputational incentives. [ = 0 and suppose that m < n — 7. This
assumption implies that p;11(0) < P(n—1i). By Bayes’ rule, if action 1 is observed in
the following periods, then p, < 1—2k < m < n—1. From the sequential rationality
constraint of the bad agent, mk = 1. Consider the sequential rationality constraint
of the good agent. Conditioning on 6; = 1, the expected continuation payoff of the

good agent from playing action 0 is as following:

1 1
B 1—— | (n—i
k +2mmk+ B (n—1)k

2%,1 is the probability with which # = 1 for the next m periods. Then the agent is
not hired after the period m + i. With the probability (1 — 2%”), 60 = 0 for some
for some period, hence the good agent fully reveals her type and is hired for all the
remaining periods, i.e. n — ¢ periods. mk = 1 and m < n — ¢ implies the expected
payoft above is higher than k. Thus, the best response to v; > 0 is u; = 1 and the

agent is not hired in period 7. Note that,

1 1
k—1+2—mmk—|— 1—2—m (n—i)k <k

Which can be simplified as follows:

1 1
l—— | (h—i)k<1——
om om

Where I used the fact that mk = 1. Thus I need (n —i) k < 1 to hold for u; < 1.
m < n—iimplies (n — ¢) k > 1, contradiction. Hence, the SR constraint of the good
agent holds only if n — i =m, i.e. p; <y can hold.

I showed that in the last period in which the bad agent holds reputational con-
cerns, the good agent has strictly higher reputational concerns if p;+1(0) < P(n—1).
Only if p;11(0) > P(n—1i), both types are indifferent between the two actions. Hence,

the bad agent holding reputational incentives in period ¢ implies (n —i) k = 1.
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Next consider the period j < ¢ such that v; > 0 and v; > 0. Hence, (n — i) k = 1.
Note that in the periods between j and i, as v < 1, the bad agent gets the payoff of
k in each period. Suppose p;41(0) < P(n — j), i.e. the agent is hired for m period
after action 0 such that m < n — j. The sequential rationality constraint of the bad

agent for v; > 0 implies:
k—14+mk=k+(i—jk <= mk—1=(—j)k

(n — i) k = 1 implies ik = nk—1. The right-hand side of the equation above becomes
(n—j)k—1. m <n—jimplies mk — 1 < (n — j)k — 1. Hence, mk — 1 = (i — j)k
can not hold for any m < n — j. Thus, there is no equilibrium in which the agent is

hired in period i and v; is such that p;1(0) < P(n — ).

Proof. Proposition 1.4

1
From Lemma 1.4, if n < z + t, then the agent has no reputational concern.

Hence, the agent is first hired in the first period and in the history in which no

action 0 is observed, the agent is hired for first ¢ periods.

1

Consider n > E—i— t and P(t) < py < P(t+1). I will show that agent will not be

hired in any period with reputation concerns. Note that, if hiring starts in period

1
t<n—t+1-— o then p; = v; = 0 for all the periods agent is hired can not be

an equilibrium strategy. Consider the bad agent. If she does not take the costly
reputation action, then she will be hired for ¢ periods. She gets payoff of tk. On the

other hand, if she deviates to play action 0 in any period in 4,7+ 1,...,72 +t — 1, she

1
gets payoff of (n —i)k+k — 1. It is profitable to deviate as i <n—t+1— = Hence,

1
if hiring starts in period : <n —t+1 — = then there will be reputation concerns.
2k+pi—1
From Proposition 1.2, the agent is not hired in any period ¢ where py; < ——.
Pi

Hence, if u; = 1, i.e. the good agent has strict reputation incentives, then the agent

is not hired. I will show that if the bad agent has reputation concerns in any period,
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then the good agent has strict reputation concerns, i.e. v; >0 = pu; = 1.
From Lemma 1.5, v; >0 = p; = 1 unless p;41(0) > P(n — ). Hence, for the

agent to be hired in any period ¢ with reputation concerns, the following must hold.

pi + Pilks (1—2k)2n2
= > -
pi+ pipi +2(1 = pi)vi — (1 =2k)2" "2+ k

pir1(a; = 0)
Which implies

< k(1 + i) pi
VS o (1= 2k) (1 - py)

Hence, by Bayes’ rule, p; < P(t + 1) implies p;11(1) < P(t). It means, the agent
is hired for at most t periods after a; = 1. Then the bad agent deviates to play
action 0 with probability 1, contradiction. Hence, there is no such period ¢ where
v; > 0 and p;+1(0) > P(n —i). The same reasoning applies to any period j €
1,44+ 1,...,i +t — 1. Thus, if the bad agent has reputation concerns in any period

J, then p; = 1. The agent is not hired in such period. Therefore, the agent is not

1

hired in period : <n —t+ 1 — =

Proof. Lemma 1.6

In any period, the principal hires the agent if the expected continuation payoff
is non-negative. Consider period j so that p; is in the lowest range for which the
agent is hired. It implies that if action 1 is observed, then A;;1(1) = 0. Thus, the
expected continuation payoff of the principal in period j is given by:

1 1 1

Vil =k =g+ g0 | +gpiln =ik

1
Where 5P denotes the probability of observing a; = 0. This payoff is non-negative
1—2k 1—2k
for p; > ———— hence ———— is the lowest reputation level for which
p]_l—k(n—j)k 1+ (n—j)k P

the agent is hired. O
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Proof. Proposition 1.5
1. First, observe that pu; = 0&1v; = 0 for all ¢ is an equilibrium strategy for
(1 — 2k)2n—2

(1—2k)2 2+ k
in every period irrespective of the history. The agent has no profitable deviation

p1 > By Bayes’ rule, p,(1) > 1 — 2k and the agent is hired

as deviation to play action 0 in any period 7 leads to the continuation payoff of
(n — i+ 1)k — 1 which is less than (n —i+ 1) k.

The next thing is to show agent-optimality. The agent gets the payoff of k£, which
is the highest possible payoff she can get. In any equilibrium where the p; > 0 (

v; > 0), the good (bad) agent gets a payoff less thank k.

1
2. Consider period t. Following the reasoning in Proposition 1.1, n < z + t implies

the agent has no reputation concern in all the remaining periods. Thus, u; =

vi=0foriett+1,..,n. From Lemma 1.6, the agent is hired in period ¢ if p;, >

1 -2k 1-—2k
— By B "rul > R(t impli > -
[ r— y Bayes’ rule, p; > R(t,n) implies p; > =Y

Final step is to show pu; = 0Vj < t. Consider period ¢ and a history h such

N 1 -2k
that p, > ————
av = 1+ (n—t)k

1 = 0 irrespective of the bad agent’s strategy. Agent gets a minimum payoff of

if y1; = 0V < t.

. Sequential rationality constraint of the good agent implies

k, and she can get maximum payoff of k — 1 + (n — t)k by playing action 0 with a
1
positive probability when 6, = 1. n < —+ ¢ implies the agent has no incentive to

k
set pu; > 0. The same reasoning applies to the bad agent, hence v, = 0. Continuing

with backward induction, I observe that good agent has no incentive to set p; > 0

for any 7 < t. Bad agent follows.

1
3. Following Proposition 1.1, n < E+ 1 implies the agent has no reputation concern

in any period. From Lemma 1.6, the principal’s expected payoff in the first period
is given by:
1 1 1

Vi = k—§+ > +§P1(”—1)k

Which is non-negative if p; > R(1,n). Hence the agent is not hired for the lower

initial reputation levels.
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This completes the proof. O

Proof. Proposition 1.6
Directly follows Proposition 1.5. O]

Proof. Proposition 1.7
I will prove in three steps.
Step 1.
Claim: 14 € (0,1) must be in any PBE.

vy = 0 can not be an equilibrium strategy. Suppose for contradiction that v; = 0.

1
Then py(0) = 1 by Bayes’ rule. Hence, V¥(.Ja; =0) =k+k+ ...+ k n>—+1

implies k — 14+ k+ k+ ...+ k > k, hence the sequential rationality implies the :gent
will deviate to play action 0.

v = 1 can not be an equilibrium strategy. Suppose v; = 1. Then p; = 1 and
p2(0) = p1. Consider period 2. Two cases are possible.

Case 1. \y(0) = A\(1) = 0. But then, the bad agent will deviate to action 1 in

period 1.

1
Case 2. M\ (0) = land (1) = 0. z + 2 > n implies the agent will no more

have reputation concerns. Hence, V;? = k. But then, the bad agent will deviate to
action 1 in period 1. Thus, 14 € (0,1) must be in any PBE.
Step 2.

Claim: py = 1.

Note that the agent is not hired after action 1 and hired for some periods if
action 0 is observed in the period 1. It implies V{(.|a; = 0) > V¥(.]a; = 0). The
reasoning is that for each period that the agent is hired, there is 1/2 probability for
which the good agent can invest in her reputation costless - when the state of world
is 0. Thus, the good agent has a higher reputational incentive compared to the bad
agent. Suppose V{(.|a; = 0) = V®(.|a; = 0). It only holds if the agent is hired in all

periods in the future if action 0 is observed. This is the only case where both type

1
of agent has the same sequential rationality constraint. However, n > E+ 1 implies
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that bad agent will deviate to play action 0 with probability 1. But then ps(0) = p1,
contradiction. Thus, V(.la; = 0) # V(.Ja; = 0). vy € (0,1) implies yy = 1 in the
agent-optimal equilibrium.

Step 3.

Next, 1 will define the principal optimality. Note that the expected continua-
tion payoff of the principal is decreasing in vy as py(0) is decreasing in v4. In the
principal-optimal equilibrium v; is equal to the lowest value satisfying the equi-
librium conditions. The equilibrium with the lowest vq, hence the highest p,(0)
is the principal-optimal equilibrium. I will show that the equilibrium with the
lowest 14 is also agent-optimal. The highest p(0) is such that the principal will
hire the agent for all the remaining periods irrespective the observed action in
each period. But following the reasoning above, the bad agent would deviate to
play action 1 with probability 1. The second best alternative is that in the his-
tory h, in which a; = 1 Vi € N/{1,n},p,(1) = 1 — 2k. In words, if the ac-

tion 1 is observed in each period, then the principal is indifferent between hiring

(1—2k)2n—3
the agent or not in period n. Bayes’ rule implies if p, = A= 225+ & then

pn(an-1 =1la; =1,7 € {2,..,n —2}) =1 — 2k. Hence, v, will be so that

o (1 — 2k)2"3
pQ(O) = = n—3
(- pon (12623 + &
prk
= UV =

231 — 2k)(1 — p)
Sequential rationality constraint of the bad agent becomes:

k=k—-1+k+k+..+k+ak

Where « stands for A\, (1) given action 1 is observed in each period except period 1.

1
It implies @ = 7= (n—2). Note that, as 3 = 1 in any equilibrium, the equilibrium

with the highest p,(0) is also optimal for the good agent. With same reasoning, as
v; € (0,1) in the agent-optimal equilibrium, thus V> = k. Hence, the above defined

equilibrium is also optimal for the bad agent. O
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Proof. Proposition 1.8
1

In period i, © > n — z implies the agent has no reputational concern in any

equilibrium.

1 1
Consider ¢ =n — = Note that it is an exceptional case in which z is an integer.

Suppose p; is in the smallest range in period ¢ so that the agent is hired in period
1 but if action 1 is observed, he is not hired thereafter. The sequential rationality

constraint of the agent implies she is indifferent between two actions in this case:

k=k—1+(n—1ik

1 1
Note that, 1 = n — z implies ¢ + j > n — z for any j > 1. Hence, the agent will
not have reputational concern in any period ¢ + j. The agent is hired if p; ;1 >
1 -2k

: . If the reputation is in the smallest range in period ¢, it implies
1+ (n—i—1)k
that p;+1(1) < P rE——T Consider that p;11(1) > — which holds with
equality if p; = 0. Hence. lowest reputation level in period ¢ is equivalent to:

<

2 — 4k 2 — 4k
— p; < - =
P Sm—i—2k+1 34k
1
The last equality follows from k = -,
n—1
, 1 1 1 1
i = | 5P spiti(k — 1) + 5pi(l — py 1 —p; -3
V; sk + gpitti(k = 1) + 5pi(L = pi)k +(L—pi) | k=5 | | +
1 1
| 5P+ P | (n— ik
1
Which is independent of p; for & = - It is reasonable as the good agent
n—1i

and the principals share the same stage game preferences. Hence, if the agent is
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indifferent between two actions for certain parameter values, it is natural to expect

the principal’s payoft to be independent of the agent’s mixing probability. Thus, the

1 -2k 1
principal hires the agent if p; > m =1- 5/{:
1
Thus, in any period i, if k = - then the lowest reputation range for which
n—1

the agent is hired is as follows:

1 2 _ 4k
— k< ),
L=ghsm<3Ty

1

I showed that the agent is indifferent between two actions if k = in period ¢ if

n—1
2 —4k
3 —4k

pi < . Next, I will show that, the agent prefers action 1 for the higher levels

2 — 4k
3 — 4k
action 0 with a positive probability in the agent-optimal equilibrium. Consider the

2 —4k 1

m,andui>0. k’:n_Z

equilibrium where p; high enough so that the agent is not hired after action 1. In this

1 1
equilibrium, the agent gets the expected continuation payoff of (n—i+1)k— 5= §+k‘

of the reputation. I will show that, for any p; > , the agent does not play

following equilibrium. p; > implies there is such an

1 1
in period ¢. With probability 3 6; = 1 and thus there is —3 in the payoff. Now

2 —4k
3 —4k

consider the equilibrium with p; > and p; = 0. Following the analysis above,

1

k= implies the agent does not have a reputational concern in the remaining

n—1
periods. Hence, in this equilibrium, the agent gets the expected continuation payoff
1 1 1 5 3

ofk + §(n — i)k + 5 k+ E(n —i—1Dk| = Z_lk + 1 in period i. It is clear that the

agent gets a higher expected continuation payoff in this equilibrium. Hence, in the

2 — 4k
agent optimal equilibrium p; = 0 for p; > A

1

1. Consider ¢ < n — E:
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I will first show that the agent postpones screening her type as long as her
reputation is not so low in the agent-optimal equilibrium. Define p such that p; > p}
implies \;41(1) = 1. In words, for given reputation levels, the agent is hired in period

i, and even if action 1 is observed, she is hired for at least 1 more period(s). Consider

1
for which

the following equilibrium. p; > pf, and p; > 0. There is such k >

n—1i
the agent has a reputational incentive in an equilibrium. Without loss of generality,

suppose i; = 1. In this equilibrium, the agent gets the expected continuation payoff

1 1 1
of (n—i+ 1)k — 3 in period i. With probability 5,@ = 1 and thus we have ~3 in

the payoff. Now consider the equilibrium with p; > p; and p; = 0. Suppose that the

agent postpones screening by only periods. She get expected continuation payoff of

1
(n—i+ 1k — 0 In this case, she needs to screen her type costly with only the

1
probability of " which is the probability of state being 1 in periods ¢ and 7 + 1.

Hence, in the agent-optimal equilibrium, if the agent knows that she will be hired
after action 1, then she will not play the costly action - action 0. She postpones
screening as far as possible.

Next, I will justify the hiring decision of the principal. From above analysis,
1
1<n— z and sufficiently low reputation level implies the agent plays action 0 with

probability 1, i.e. u; = 1. Then:

1
V= k=5 | +piln =0k

(2

1 -2k
Which is non-negative for p; > — . Hence,
2(n—1i)k

1—2k

07 Pi < 57—

A = 2(n —1i)k
1—2k

1 g >

= 2(n —1i)k

The last thing is to show p.. p! depends on whether the agent has a reputation

incentive in the next period or not. It, in turn, depends on the relation between
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1 1
t+1and n — = fi+1<n- o it means the agent has a reputational concern

in the next period if her reputation falls below a certain level. On the other hand,

1

i1+1>n-— z implies the agent will have no reputation concern for the remaining

periods.

1
First consider t +1 > n — = It implies, in period i+ 1, if the agent is hired, then

she will have no more reputational concern - p;+; = 0. Thus

Vii= k- %Jr %pi—&-l + ;pi—kl(n —i—1)k
1—2k
and A\ipq = 1if pipq > T (i Dk
2 — 4k
It implies, if p; > G —— and p; = 0, then the agent is hired for at least
1 more periods if action 1 is observed. Thus, the agent has no reputational concern.
2 — 4k 1
Hence p} = T n—i— 3k ifi4+1 >n—
1
Now consider i +1 <n — =
It implies, in period ¢ + 1, if the agent is hired and her reputation is sufficiently

1
small, then p;; > 0. Note that, if t +1 = n — o then ;41 € [0, 1], otherwise

Hir1 = 1. Thus

1
VP = k—§ +pi(n —i— 1)k

7

1 -2k 2 —4k

. It implies, if p; > nd

and )\i+1 =1if Pi+1 >

2(n—i— 1)k 2n—i—2k+1°
i; = 0, then the agent is hired for at least 1 more periods if action 1 is observed.
2 — 4k
Thus, the agent has no reputational concern. Hence p, = =i — k1 ifi+1<

1 1
n— = Note that i +1 =n — z implies the agent will be indifferent in period ¢ + 1
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2 —4k 2 —4k 2 —4k

2n—i—2)k+1 2+ (n—i—-3k 3—4k
summarized below:

So, I have different p} values

and

2 — 4k 1

o= 2n—i—2)k+1 n—i—1
2 —4k 1

2+ (n—i—3)k k<n—i—1
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Appendix B

CHAPTER 2 PROOFS

Proof. Proposition 2.1
First, note that in the last period (period n), p, = 0 = v, as no type has a
reputation incentive.
(1 —2k)2n—1

S =2k + k
Vé; and the choice of delta is arbitrary: &; € [d, 6] and A\;i11(0) =1 = A;1(1). Note

(1 — 2k)2n—i-1

(1 —2k)2n—-1 4
Then the agent gets the maximum possible payoff as she is hired in each period and

Take period 7 and consider the following: p; >

s i =0 =1

that p; > implies p, > 1 — 2k if y; = 0 = v; for all j > 4.

maximizes the stage-game payoff.
Now suppose there is an equilibrium in which p; > 0 or v; > 0 for some i where

(1 — 2k)2n=i1

1—2k)2n—i=1 4 |
less than (n — i 4+ 1)k. Hence, the agent will deviate to set a lower §; and play the

As v; > 0, the agent gets a continuation payoff strictly

pi =
(

stage-game optimal action.

Thus, there will be no reputational concern in the agent-optimal equilibrium
and the agent sets stakes arbitrarily. The choice of delta comes from the fact that
i = 0 =1; for all © € N is an equilibrium strategy for any ;. As the agent is
going to be hired for all the periods, her continuation payoff does not depend on the
allocation of the relative stakes.

Note that, in any equilibrium, the bad agent will pool with the good agent when
setting the &;. Suppose not. The bad agent sets J; = &, and the good agent sets
§; = 0;. Bayes’ rule implies p;(&;|h;) = 0 for any &; # J; on the equilibrium path.
Hence, \;(6;) = 0 for any &; # J;. The bad agent deviates to play &; = ;. Hence, I
call agent’s decision of 9;, I will refer to good agent. Moreover, I will show that the

choice of equilibrium ¢; is also optimal for the bad agent even if I assume 9; carries
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no signal about the agent’s type.

The agent will never set §; so that she has a reputation incentive. From the
previous analyses, we know that p; < y) in any period ¢ where the agent is hired.
Hence, if p1; > 0, then p; € (0, pf]. This implies, the agent is indifferent between both

actions in the period 7. Note that, given 6; = 1, the highest expected continuation

1
payoff agent can get is given by VY = (1 —6§;) | k — 3 + 0;k.
Now consider the following, §; =  and u; = 0 = v;. The minimum continuation
1
payoff of the agent is (1 — 0)k which is greater than (1 — §;) | k — 3 + d;k as

§; <9 =1—0. Hence, as there is a profitable deviation, setting ¢; such that there
is a reputational incentive can not be agent optimal equilibrium strategy.
Next I show that if u; = 0, then the agent’s expected continuation payoff is

decreasing in d;, i.e. §; = J is the optimal choice.

; 4 ) (1 — 2k)2n—i-1
If ; =0, V7 = (1 = 0;)k + 6;V7 . Note that, V%, < k. p; < Aok 11k

implies that if no action 0 is observed for some periods {7,i + 1, ..., 7}, then p; <

1 -2k 1
T and \j11(1) =0. V7 = (1 —6;)k +0;V7. Since, \j11 = 0 with probability 3

ng is decreasing in ¢; and 0; = 9 is optimal for the agent. As ¢ > 0, ng < k. As
there is a positive probability that the agent will reach a node where she will a get
payoff less than k, V%, < k. Hence, V;? is decreasing in ¢; and the maximizing level
is at 0; = 0.

As the bad agent pools with the good agent in the choice of delta, §; = ¢
constitutes the agent-optimal perfect Bayesian equilibrium.

Note that the results also applies to the setup where the bad agent is a com-
mitment type. If the bad agent is a commitment type, the good agent still has two

choices of delta in each period:

1. Set ¢; such that the agent reveals her type. In this case, the good agent will
not set any delta higher than the value for which she is indifferent between two

actions. The reasoning follows from the analysis above. If y; = 1, then she will
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not be hired. Hence, if §; is such that she is indifferent between two actions,
she will prefer to deviate to a lower delta and play action 1. The comparison

of the payoffs is the same as the comparison above.

2. Set ¢, such that the agent has no reputational incentive. For such deltas, §; = §
maximizes the expected continuation payoff of the agent. Hence, we have the

same equilibrium when the bad agent is the commitment type.

As p; = 0 for all 4, the principal hires the agent as long as p; > 1 — 2k.

Proof. Proposition 2.2

The agent has reputational incentives for high enough d; in the initial periods.
First, I will show that the social planner (SP) will not set J; to a level for which the
agent has strict reputational incentives, i.e. u; = 1. In such period, the agent is not
hired. As §; is bounded above by §, 1 — 6 proportion of the remaining decisions is
lost in period ¢, Hence, the social planner will deviate to a lower d; so that the agent
is hired.

Next, I will use induction method to show that the social planner will not set

0; so that the agent strictly prefers to play action 1, i.e. u; = 0. Consider period ¢

1—2k
such that p; < 1

. Bayes’ rule implies p;41(1) < 1 — 2k, hence A\;41(1) = 0. By

—k
1
sequential rationality constraint of the agent, pu; = 0 if 9; < T
op 1 1 1
V. :]_—(52 k— = —0; 51—1147
1—2k 1
Which is increasing in §; as p; < - Thus, the SP will deviate to §; = o7

V3P becomes



Appendiz B: Chapter 2 Proofs 116

Which is independent of ;.

Consider period 7 — 1 and suppose that d; 1 is such that p;_; = 0. By sequential

2+ 2k
rationality constraint of the agent, pu;_1 = 0 if 9;_; < T3k Note that p,_1 <
2 — 4k 1 -2k
5 3% implies p; < - by Bayes rule.

1 1 1

VAT =(1—bi1) | k- TP |+ 5¢—1§Pi—1k+
1 k 1
G 1=2pii | — k= =+p(1
Pt ([ I=gpi | g | k=g el
1 1
Where FPi-1 denotes the probla; = 0] and 1 — FPi-1 denotes the probla; = 1] and
Pi—1 2 — 4k
pi(1) = 5 P < gTap implies IT7F) is increasing in d;_1, hence the payoff
— Pi-1 r
24 2k
imizing 6,_, — '
maximizing ;-1 = g ey

Next consider period j such that ¢, is equal to 5? 1 Where the agent is indifferent

between both actions. Suppose ¢; is such that p; = 0.

1 1 1 1

VPP = (=) [ k= 5+ g0 | +ai5pik+0; [ 1= 5p5 | Vi (lay =1)

041 = 09, implies that V3](|a; = 1) is increasing in 6,11 for 041 < 67,,. It

11 L1 p;
implies that vjifi(.mj =1)>k— 54— §p]~+1(1) which is equal to k — §+ 35 = It
implies

1 op 11 1
1_§pj Vii(la; =1) > k_§_§pjk+§pj
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Thus,

1 1 1 1

0j5pik +0j | 1= 5p; Vi la;=1)> 6 | k— 5+ 5P

Hence, V}SP is also increasing in d; and the maximizing 6; = 5? . The social planner
allocates stakes so that the agent is indifferent between the two actions in any period.
2= - 2k) — 2k
2n—ttl=i(1 4+ 2k) — k
1—2k
1—k

Next, I will show by iteration that ¢ =

In period n —t+1,1 =2k < ppyy1 < . Hence, the sequential rationality

constraint of the agent:

(1= 0nt1) (k=1) + ik =(1—0pt11) k

1
Which is satisfied when §,,_;11 = ——.
ich is satisfied when 6,411 Tk
_ 1—2k 2 — 4k _ _ _
In period n — t, T < Pty < SEETA Hence, the sequential rationality
constraint of the agent:
1
k* + gk
1—=0p ) (E—=1)+ 6 sk=(1—0p¢) b+ 6p—=
( e) ( ) + On—th = ( t) b+ Oy Tk

242k

Which is satisfied when 6,,_; = ST

. Iterating in the same way, we get

on—tt1=i(1 4 2k) — 2k
on—tH1-i(1 + 2k) — k

57;:

and

2n=t(1 + 2k) — 2k
T i1+ 2k) — k

L=
i1

v = (1—=29;) ][ 6; implies
J

2071
Pyi = n—t
27=t(1 + 2k) — k




Appendiz B: Chapter 2 Proofs 118

Thus, in histories where no action 0 is observed, the stakes evolve as follows:

k 2k 2n—t;
I'=
on—t(1 +2k) — k' 2nt(1+ 2k) — k' 27 t(1 + 2k) — k
O
Proof. Proposition 2.3
(1 — 2k)2n—i-2
From Lemma 1.5, in any period i, if p;11(0) < then the good

(1 —2k)2n—=2 + k’
agent has higher reputational incentives, i.e. v; > 0 implies y; = 1. p; = 1 can

not be an equilibrium strategy as discussed in the proof of Proposition 2.2. Hence,

such and equilibrium can exist only if v; = 0 and p; > 0. But then v; = 0 implies
(1 —2k)2n—=2
(1 —2k)2n—-2 4+ k

pi+1(0) = 1, contradiction. Then, in any equilibrium, p;,(0) >
must hold.

(1 — 2k)2n—i-2
(1 =2k)2n—2 4+ k

has higher reputational concerns than the good agent. The reasoning is as follows.

Again following Lemma 1.5, if p;11(0) > , then the bad agent
If a; = 0 is observed, both type gets a future continuation payoff of d;k. On the
other hand, the expected continuation payoff of the good agent after a; = 1 is higher
than that of the bad agent. The reason is that in any period after a; = 1, the good
agent can increase her reputation costlessly with the probability 1/2. Hence, §? < 67
where 67 denotes the delta level for which the bad agent is indifferent between the
two actions.

Following Proposition 2.2, the social planner’s continuation payoff is increasing
in 9; if y; = 0 = v;. Thus, the payoff maximizing ¢, is whether 55? or 07.
Case 1. 0; = 67, p; € [0, ] and v; = 1. Note that, from Lemma 1.1:

2k +p; — 1

14 1+ i
i < < -
ST = 2

Also note that,

2k +p; — 1

1+ —
P <1

2
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Hence, there is no equilibrium where pu; € [0, ;] and v; = 1.

Case 2. §; = &0, pi; = 0and v; € [O, %} is the equilibrium strategy in the equilibrium.

As we are focusing on the social planner optimal equilibrium, v; = 0 for all 7. It

follows from the fact that the expected continuation payoff of the social planner is

decreasing in v;.

I+ (n—t+1-49)k
Next, I will show by iteration that 67 = —.
I+ (n—t+2—19)k

1 -2k
1—k

In period n —t+1,1 -2k < pp_yy1 < . Hence, the sequential rationality

constraint of the bad agent:

(1 =0p—ts1)(k—=1)+6psiib = (1 = 0p—t41) k

1
Which is satisfied when 6, ;.1 = o5
1 -2k 2 — 4k
In period n — ¢, 1% < Pporr < SEEETA Hence, the sequential rationality
constraint of the bad agent:
]{72
1=6, ) (k=140 sk=(1—=0pt)k+ 0pn_
( ) ( ) + Onitk = ( )k + Sy
14k
Which is satisfied when ¢,,_; = TR [terating in the same way, we get

I+ (n—t+1—-49)k

&:1+wn—t+2—nk
and

5 14+ (n—1t)k

YTl (n—t+ Dk

i—1
vi = (1 —=46;) ][ ¢; implies
J

k
1+ (n—t+ 1k

Vi

Thus, in histories where no action 0 is observed, each period receives the same

stake. 0
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Proof. Proposition 2.4

(1 — 2k)2n—1-
If the reputation in period 7 is sufficiently high - p; > 1= 202 1 - then

the principal’s best response to p; = 0is A; = 1 and A\;41(0) = A\i1(1) = 1. In

words, the principal will not interrupt the interaction after any action. Hence, the
agent will set §; randomly in each period.

Consider (2).

Consider period 7 such that the agent has no reputation incentive. Note that, if
1; = 0, then the agent’s expected continuation payoff is decreasing in 9;, i.e. §; =9
is the optimal choice. In such 4, the minimum expected continuation payoff the
agent can get is given by (1 —J) k. On the other hand, if p; > 0, the expected
continuation payoff of the agent is increasing in d;, hence the choice of §; = ¢ in such
i. Thus p; = 1. I will show that some d; > 0 and u; = 0 leads to a higher expected
continuation payoff for the agent compared to §; = § and p; = 1.

For §; = § and u; = 1, V¥ is as following:

(1=8) (k= 1)+ 0k =k —6

1
For T > §; > ¢ and p; =0, V7 is equal to or greater than the following:
(L—d)k

Which is greater than k£ — d for §;k < §. Moreover, the agent should choose ¢; so
that V;F' > 0.

1 1 1

VP =1 —=06) | k— =+ =pi | +i=pik >0
— 1 =2k —p; + pik
A 1 =2k —p;
o = is the lowest d; for which the agent is hired. For lower

N 1—2k—pi+pi/€
delta levels, the future stakes are not high enough to compensate the negative payoff

in the period 7. As the agent’s expected continuation payoff is decreasing in &;, the
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| 1 -2k p,
choice of §; = """ = T ok
=2k —pi+pi

then §; = ¢ and dk < ¢ is trivially satisfied. If §7" > ¢, then §; = 6" and the

as long as 0"k < §. Note that, if 57" < g,

following constraint must hold:

k< B.1

1 =2k —p, +pik — (B.1)
(k—8) (1 — 2k)

Which holds if p; > ook Thus, for defined reputation levels, it is the

best choice for the agent to choose ™" and have no reputational incentives. But,
if the reputation is lower than the defined level, then §7"k > §. Then, it is optimal
for the agent to set §; = § and play action 0 with a probability 1. It is no surprise as
the lower reputation implies the minimum delta the agent can set for the principal
to hire is higher. If the minimum delta is high enough, then the agent rather prefers
to set the highest possible stake to the future and screen her type.

Finally, consider (3).

I will define the lowest reputation level for which the agent is hired in each period.

The expected continuation payoff of the principal is given by:

1
P— _7 —_— - S .
VPi=(1-9) |k 5 | +0pik >0

3 (1 —2k)
> 7
RS,y

Hence, the agent is hired for the defined reputation levels.

Proof. Proposition 2.5
1. Follows from Proposition 1.1. As the agent is hired for every period, she is indif-
ferent between different allocation of stakes. Hence, any d; € [§, 0] is an equilibrium
strategy.

Now consider lower initial reputation levels.

Following Lemma defines two-periods equilibrium.
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Lemma B.1. If n =2, following assessment constitutes the unique PBE. p; =0 =

"
9, 0], pr>1—2k
nEN 1— 2k — py 1
ST ok gk 2 PSSl
1
A — 0, p1<§—k:
1
L, P125—k’

Proof. Lemma B.1

Again, p; > 1 — 2k is obvious. Consider p; < 1 — 2k. Note that po(1) < 1 — 2k
in any agent-optimal equilibrium, hence A\y(1) = 0. There are two possibilities:
Case 1

Agent has no reputation concern in the first period. In such case, V{? is decreasing
in ;. Hence, the agent chooses minimum possible d; so that the principal gets a

non-negative payoff.

1 1 1
VE=01-6)k—=+= —p1kd
1 ( 1) 5 + 2P1 + 2p1 1
, 1—2k— P1
VF is non-negative if §; > §; 1= . Thus, if there is no reputation

1 -2k—p +pik ,
concern in the lowest range of initial reputation so that the agent is hired, d; = d;
as the payoff of the agent is decreasing in d;.

1 1 1
5’1 < 7 holds as long as p; > 5—]{;. Thus, the agent is not hired for p; < §—k,

if the agent has no reputation concern.
Case 2
Agent has reputation concern in the first period. Note that 4 = 1 can not be

an equilibrium strategy, because it implies p2(0) = p; < 1 — 2k by Bayes’ rule and

1
A2(0) = 0. Thus, 14 < 1. Only 4; value satisfying this is T

= Principal’s payoft:

k 1 1 11

VE=— k- =+ = — ik
LT 11k 5 TP T
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1
Which is non-negative if p; > 5~ k. Hence, in any case, the agent is nor hired if
1
P < 5 — k.
Note that:

1
vleselh — (1 - 6k + S0k

1
k* + —k
Vg[caseﬂ _ 2
! 1+k
! ! [casel] [case2] ' 1
and §; < o implies V2" > V2 "which holds strictly if §; < Tr Thus,
no reputation concern setup is preferred by the agent. O

I will prove the rest with induction method. Consider period n — 2. If, p,_ o >
1-2k, §,,_o = 8. Consider p,,_» < 1—2k. From Lemma B.1, V" | = 0if p,_; < 1-2k.
As pp_o < 1 — 2k implies p,_1(1) <1 -2k, V' (la, —2=1) = 0.

Consider two cases:

Case 1
Agents sets §,,_s so that there is no reputation concern.

1 1 1

VnIiQ = (1 - 571—2) k— 5 + Epn—Q + 5n_2§pn_2k‘

Thus, the agent sets minimum J,,_» providing non-negative payoff to the principals,

1
i.e. 0,90 = 6;172. Agent is not hired if p,_o < = — k.

2
Case 2
Agent sets d,,_o so that there are reputation concerns.

Case 2.1
1—-2k

pn—1(0) > o This implies that if a; = 0 is observed in period n — 2, the

agent will be hired for the rest of the game irrespective of a,_;. Define Sn_Q which

makes the agent indifferent. If y,,_o = 1, then p,_1(1) = 0. In this case, \,_1(1) =0
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. 1
and 9, o = T Thus, the problem is the same with two periods interaction. I

showed in Lemma B.1 that the agent prefers no reputation setup. Hence, i, o < 1.
Good agent is either indifferent or strictly prefers action 1. Hence, for the sake of

exposition, assume pu,_s = 0, wlog.

1

- - 1.
VI = (= 0kt ok gV (o = 1)

1
where VI (|a,_y = 1) = 0 if po_y < 5 k and

1
(1 - 5n—1)k + 5571—1]{:

otherwise.

On the other hand, if the agent sets 6,_o = 6, _, as in case 1, she gets:

1 1
VI = (1= 8 k4 5B oh oV s = 1)
Note that, 8, , < 0,5 and Vfﬁorep]ﬂan_g =1) > nyfp]ﬂan_g =1) (as p,_1(1)
decreases with ji, o ). Hence, agent prefers to set d,,_,.
Case 2.2

Hence, if there are reputation concerns in the equilibrium in period n— 2, it must

1
be so that 1 — 2k < p,_1(0) < 5~ k. We need v,_5 € (0,1) by Bayes’ rule. Then

tin—2 = 1. Note that, if p, o =1, p,_1(1) = 0 and \,_1(1) = 0. Hence, d,,_5 is such
that the bad agent is indifferent:

(1= o)k =(1—08,s)(k—1)+06,_o(l—08)k

which implies:

1

Op9g=—""
T 1+4k-46

The good agent’s payoff is given by:

yolease2] B PR I S P
e Iy iy o R By ey ol R



Appendiz B: Chapter 2 Proofs 125

The good agent’s payoff in case 1 where there are no reputation concerns:

/ 1 / 1 /
VIS = (1= 6, 00k + 50, ok + 50, oV (a2 = 1)
Note that V¥ (|an_s = 1) < k, hence V/1%**W ig decreasing in &, ,. It implies that

k? + }k:
V,ﬂc; el 1—1——2 > Vﬂ’“’;‘s‘ﬁ]. Hence the agent prefers to set d,,_o to the lowest
possible value and there are no reputation concerns.

Finally, consider period i such that strategies are as defined above in periods
i+ 1,..n If p > 1—2k, 0; = 9. Consider p; < 1 — 2k. From above analysis,
VE = 0if pi1 < 1—=2k p; < 1— 2k implies p;41(1) < 1 — 2k, VI, (1) = 0.
So, following the same steps above, if agent sets d; so that there are no reputation
concerns, then §; = J;.

Now, suppose the agent sets J; so that there are reputation concerns. Define
s,t € {1,2,...,n — i} such that s < t. Let t represent the number of periods the
agent is hired if action 1 is observed in all ¢ periods following period a; = 0. Following
the reasoning above, the agent will not set t = n — i. Hence, if there are reputation

concerns, then t < n—i. It implies good agent has higher reputation concerns, hence

u; = 1 and v; € (0,1). Note that, ¢ represents the number of periods after which the

1
reputation falls below 3~ k if no action 0 is observed. Let s represent the number

of periods after which the reputation falls below 1 — 2k. The reason for making this
restriction is that in any period the agent’s reputation fall below 1 — 2k, the agent
can no more set 6; = 0 but rather ¢; = (5;-.

Define Z as the payoff of the agent in these ¢ periods. Note that, both types of
agents get a payoff of k£ in each of these periods. Then Z has the following form:

7 = (1 — Qtis) k —%—étisf/

Where V stands for the payoff in the last s periods. V < k as agent sets d; = 5;- in
these periods. Hence, Z < k. In order to find the form of agent’s payoff, we first
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need to find ¢;. Note that, v; € (0,1), hence, the sequential rationality constraint of
the bad agent:

(1—6)k=(1—-6)k—1)+6Z
1

1+Z
Payoff of the good agent becomes:

Hence, 0; =

Z

1 Z 1 k

1
Vg[caseQ} _ _ _ 1— —
Z 112 o Ty z T 2| 1+27

1
Where o is the probability that no action 0 is observed in ¢ periods. With the
complementary probability, the agent reveals herself as the good type and gets

payoff of k. V! lease2} is continuous and monotonically increases in §. Moreover, it is

k% + 1)2k oleasel] k% +1/2k
—ifd =0. 1l th A —_
T if 9 = 0. Recall that V25" > T

small, then the good agent prefers to set stakes so that there are no reputation

equal to , hence, if § is sufficiently

concerns. O

Proof. Proposition 2.6
20H1(1 — 2k)
20+1(1 — 2k) + k

Suppose there is an equilibrium where < pp and the principal

1

ts 0 < ——.
S 01 1+k

11
VP =(1-46) k=5+5m + 6V

By Bayes’ rule, the agent is hired for at least £ 42 periods in the equilibrium. In any
following period, the principal can set ¢ values so that the agent has no reputation

concern in any period. Thus,

1
92 ot+1
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11 20+ (1 — 2k)

Which is greater than k£ — §+ 2P by p1 < (1= 2k) +

in ;. Thus, the principal will deviate to a higher §;. Hence, in any equilibrium,

1

01 > T The same reasoning applies to period i. O

. Hence, V" is increasing

Proof. Proposition 2.7
I will use the induction method for proof. Consider period ¢ where p; is sufficiently
low, i.e. A\j11(1) = 0. Suppose the principal sets §; such that u; = 0. The expected

continuation payoff of the principal:

1 1 1

( ) 5+ 5P| Foigp

Which is increasing in d;. From the sequential rationality constraint of the agent,

1 1
0; < 57 Hence, §; = T maximizes the expected payoff of the principal
if u; = 0. Note that, the principal’s expected payoff does not depend on p; if
1
0; = T Hence, the maximum expected payoff of the principal if u; € [0,1] is
given by
k 1
— | kE—=+p; B.2
1+ k 3P (B2)

On the other hand, if u; = 1, then the principal’s expected payoff is increasing in
d;. The payoff maximizing choice of delta: 6; = §. The payoff becomes:

1
(1-9) k=3 + dpik (B.3)

For § sufficiently close to 1, V' is sufficiently close to p;k. (B.3) > (B.2) and &; = ¢

_ 1 _
leads to a higher expected payoff to the principal. V? = (1 — (5) k — 5 + 0k =
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Consider period i — 1. As p;(0) = 1, the sequential rationality constraint of the

good agent for p; 1 > 0:

1 1

(1 _51’—1) (k— 1)—{—(5,_1]6’ Z (1_5i—1)k+5i—1 /{3—§+ 55

2
0i—1 > 33
Which can not hold for §,_; < §. The good agent has reputational incentive only if
she is not hired after action 1, i.e. ;1 = 1. Then the principal sets d,_; = 6. The

principal gets the following expected continuation payoft:

3 1 _

On the other hand, following the sequential rationality constraint of the agent,
ti—1 = 0 is also a best response to d;,_; = § which leads to the expected continuation

payoff for the principal approximated as such:

_ 1 1 B 1
(1—0) | k- §+ pi-1 | + 55/%'—1/{? +o|1— SPi-1 pi(1)k

_ 1 _
(1 — 5) k — 5 +pic1 | +0piik (B.5)
The payoff in (B.5) is greater than (B.4), hence the u;_; = 0 and d;_; = § in the
equilibrium.
Consider any period j < ¢ — 1 such 4,41 = § and tj+1 = 0. Following the
reasoning above, the agent has reputational incentive only if she is not hired after

action 1. Hence p1; = 1 and 9; = ¢ and the principal gets
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On the other hand, following the sequential rationality constraint of the agent,
p; = 0 is also a best response to 9; = § which leads to the expected continuation

payoft for the principal approximated as such:

_ 1 _
(1—0) (k- 5P|+ dp;k (B.7)

Which is greater than the payoff in B.6. Hence, p; = 0.
Thus, in the equilibrium, the principal sets §; = & for all i € N. p; = 0 for all 4
except when the reputation is sufficiently small so that \; (1) = 0 where p; = 1.

[]

Proof. Proposition 2.8
The following Lemma will be used in the proof.
(1—2k)2n2

(1—2k)2" 2+ &
agent-optimal equilibrium i.e. X\;(0) = 1 and N\(1) = 0 for some i € N, and the

Lemma B.2. If p; < then there is an evaluation phase in the
strategy of the agent in the evaluation phase is as following: u; =1 and v; € [0, 1].
The last period of the evaluation phase may be an exception where p; € [0,1] and

v; =0 may hold.

Proof. Lemma B.2.

Suppose that there is an equilibrium where there is no evaluation phase. If
Ai(0) = 1 and X\(1) = 0 for all ¢ € N in the equilibrium, then the agent has no
incentive to play action 0 with a positive probability: u; = 0 and v; = 0 for all

(1 —2k)2n—2

(1 —-2k)2n2+k
observed in each period i € N/n. Thus, A, (1) = 0, contradiction.

1 € N. By Bayes’ rule, p; < implies p,(1) < 1 -2k if a; = 1 is

Next, I will show that y; = 1 and v; € [0,1] in the evaluation phase. In any
period where action 0 does not lead to the agent being hired for all the remaining
periods, then the good agent has strictly higher reputational concerns than the bad
agent. Fix a period i so that A\;;1(0) = 1 and A\;41(1) = 0. Then the expected

continuation payoff of the good agent is higher than that of bad agent in any such
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period i. Consider the following: the bad agent can improve her reputation by
playing the action 0, but it costs her today’s payoff. So she sacrifices that period’s
gain in order to get more chance for further periods. On the other hand, suppose
0; = 1 is observed and the good agent plays a; = 0 in period ¢. She sacrifices period
1 payoff but in return she gets more chance to play her favorite action in the future.
In addition, the good agent gets more chance to improve her reputation costlessly
in the future (when the true state is 0 and she plays accordingly). Consider the
following. Suppose the evaluation phase also involves the period ¢ + 1. In period

1 + 1, the expected payoff of the good agent from playing action 0 is given by

1
k—prob[0;v1 =1]1—prob[0;11 =0]0=Fk— 3 Whereas, the expected payoff of the

bad type from playing action 0 in period i + 1 is given by k — prob[0;1; = 1]1 —
prob[0;1 = 0]1 = k — 1. Thus, building reputation is costlier for the bad agent in
period ¢. If period i is not the last period of the evaluation phase, the good agent’s
expected continuation payoff is always higher than that of the bad agent. If period
1 is the last period of the evaluation phase so that there is a perfect screening in the
period, then the future expected payoff is the same for both types.

Suppose v; = 0, then p;11(0) = 1. Thus, if v; = 0, then the period i serves as
the evaluation period, and the agent is hired until the end if action 0 is observed
in period 4. It is possible in the last period of the evaluation phase and p; € [0, 1]
satisfies the equilibrium condition. The reasoning is that the last period of the
evaluation phase, the decision is exactly same with the two-periods game. If i is
not the last period of the evaluation phase, i.e. A;41(0) = 1 and X\;1(1) = 0, then
v; > 0.

Suppose v; = 1, it implies p; = 1. Then there will be no update on the type of
the agent and p;;1(0) = p;. The reputation is not updated and the principal gets a
negative expected stage game payoff in period 7. As d; < 1, u; = 1 = 1; can not be
a part of the agent-optimal equilibrium. Hence, we need to have v; € (0,1) in the
evaluation phase may be except from the last period. From the reasoning above,
the good agent’s future expected continuation payoff is larger than that of the bad

agent. For the 9; level that the bad agent is indifferent, the good agent strictly
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prefers playing action 0.

: (1 — 2k)272
Hence, if p; <
nee LS o g

equilibria and the equilibrium strategy of the agent in the evaluation phase is given

then there will be evaluation phase in any

by p; =1 and v; € (0,1) maybe expect from the last period. O]

Consider the following strategies:

1
0 0; < ——
| > K
1+k n—i
V; € Z/{;ha
4 h=0
> K
{1}, 6>—2=
Lh
\ h=0
(
1
0 0; < ——
{0}, 1+k
Hi € 0,1 ! < §; <Y
[7 ]a m_ T > U;
n—i—1
1 > K
such that <07 < =0 forie N/n, p, =0 v, = 0.

h=0
Suppose that the initial reputation level p; is close to 0. There will be an eval-

uation phase from Lemma B.2. If p; is the smallest initial reputation so that the
project is run, then the evaluation phase will start in the first period. The reasoning
is that, if A2(0) =1 = Ao(1), then pa(1) < p;. As p; is the smallest reputation level
for the project to be implemented, ps(1) < p; implies A2(1) = 0, a contradiction.
Suppose that the first m — 1 periods serve as the evaluation phase. Then A,,(0) = 1
and A\, (1) = 0 and A\,+1(0) = 1 and A,41(1) = 1. In the evaluation phase, the
strategy of the agent: p; = 1 and v; € (0,1) may be except from the last period.

Thus, in each period of the evaluation phase the principal gets an expected payoff of
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1
k:—§. Define ¢; := probla; = 0] = p; (1 + p;)+(1 — p;) v;. The expected continuation

payoff of the principal is given as follows:

1 1 1

VP = k— = k— = k——|+..
1 get 5 + 72 5 + 3q1G2 5 +

m—2 1 m—1
i=1 =1

1
Note that V| is increasing in p; and Vi =~ | k — 3 if p; = 0.

If the period m — 1 is the last period of the evaluation phase, then the sequential

rationality constraint of the bad agent in period m — 1 is given as:
(1 - 5m71) k= 5m71 (k - 1) + (1 - 5m71) f (k>

Where f (k) = VB is increasing function of k such that f (k) < k. The sequential

1
rationality constraint implies §,, 1 = Tf(k:) The sequential rationality constraint
of the bad agent in period m — 2 is given as:
(1 =0 2)k=0mo(k—1)+(1—=16,_2) k)
m—2 — Um-—-2 m—2 1 + f (k’)

Hence,

1+ f (k)
O = T T T Tk

Iterating in the same fashion,

m—i—1

1+ > f(k)kht
5, = h=1

— for alli € {0,1,...,m — 2}
L+ > f(k)ktt
h=1

and

T



Appendiz B: Chapter 2 Proofs 133

Thus,
m—2
14+ > f(k)k"
01 = :1:1
1+ > f(k)kh1
h=1
By definition,
flk)km=2
fyl et 1 — 51 —_=

145 fkh
h=1

1 1
Given f (k) < k < 3 N is decreasing in m. | k — 5 is decreasing in y; and is

maximized when m = n. Increasing the span of the evaluation phase increases the
expected continuation payoff of the principal if the initial reputation is close enough
to 0. Hence, in the principal optimal equilibrium, the evaluation phase includes all
the periods except period n.

Note that, if m = n, then f(k) = k, hence

n—i—1

1+ > flk)kM?!
5 = = and A\7(0) =1 and A*(1) =0 for all i € N

S e
h=1

i1
Note that v = (1 — 9;) [] 9, thus,
J

1—k

n—i

T 1

Vi

The last thing to show is that there exist small enough initial reputation level
that provides a positive expected continuation payoff to the principal for the above-
defined strategies.

The expected continuation payoff of the principal is given below:
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1 1 1
VP = k— = k— = E——=]+..
M 5 + 7241 5 + V30192 5 +
n—2 1 n—1 1 1
n— 7 k— = n % k— = aFn
+ 1 11 q S+ 11 q R
1 -2k
Note that the highest p,,_; satisfying the equilibrium conditions is ] . Hence,
. o . - Fipn—2
in the principal optimal equilibrium, v, 5 = . T also know from

(1 —2k)(1 = pn2)
the two-periods analysis that v, ; = 0. For other v; values, the principal’s utility

is decreasing in v;. Thus, the expected continuation payoff of the principal will be
higher than the case where v; = 1 for all i € N/{n—2,n—1,n}. Define the expected
continuation payoff of the principal as V* as the lower bound of the payoff he will
get, which holds when v; =1 for alli € N/{n —2,n—1,n}.

Simplify the payoft:

Px 1-k kn—l k 1 kn—? k 1 kn—3 k 1
V- -]+ —5 |+ —5 ]+
9 1 k?pl 1
ok E— = k 1— k— - k

where T used the fact that, if v; = 1 for all i € N/{n — 2,n — 1,n}, there

is no update on the beliefs until the last two periods. Thus, probla,_o =0] =

kfpl
e 1= png)vp o= 1— .M , as the principal’
P2t (1= pa2)Vpno=p1+(1—p1) T oreover, as the principal’s
payoff does not depend on p,,_1 , I assume pu,,_; = 1 for the sake of simplicity. Then,

P1
p1+ (1 —p1)Vna

probla,—1=0] = pp1+(1 — pp_1) Vp_1 = and p, = lasv,_1 =0.

The payoff becomes:

1—k | K2—k" 1 1

Pr— kE—=|+=pk(1+k
V== 1% 5| Tk (k)
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(1— 2k) (k — k"1
(1—k?)

where V* is non-negative. O

which is non-negative for: p; > . Hence there exist such p;
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Appendix C

CHAPTER 3 COMPARISON OF TREATMENT
PARAMETERS

Given a treatment, the two payoff tables (one for the principal and the good
agent, and the other for the bad agent) that are employed for each period (stage)
are given below. The first-period payoff tables are the same in all treatments. The
second- and third-period payoff tables are adjusted for the defined stage stakes in

each treatment.

Table C.1: Treatment 1 payoff table.

Principal / Type 1 Agent Type 2 Agent

=0

=1

0=0

10

—20

—20

a=1

—20

10

a=1

10

10

Treatment 1 is the baseline treatment at which the weights (stakes) in
all periods are equal, i.e., '] = {%, %, %} That is, the payoff table is

employed in each period in the game.
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Period 1
Principal / Type 1 Agent Type 2 Agent
0=0 =1 =0 =1
a=0 10 —20 a=0 -20 —20
a=1 —20 10 a=1 10 10
Period 2
Principal / Type 1 Agent Type 2 Agent
0=0 =1 =0 =1
a=0 20 —40 a=0 —40 —40
a=1 —40 20 a=1 20 20
Period 3
Principal / Type 1 Agent Type 2 Agent
0=0 =1 0=0 =1
a=0 40 —80 a=0 —80 —80
a=1 —80 40 a=1 40 40

Table C.2: Treatment 2 payoff table.
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Table C.3: Treatment 3 payoff table.

Period 1

Principal / Type 1 Agent

Type 2 Agent

0=0 =1 0=0 0=1
a=0 10 —20 a=0 —20 —20
a=1 —20 10 a=1 10 10
Period 2
Principal / Type 1 Agent Type 2 Agent
=0 0=1 0=0 =1
a=0 30 —60 a=20 —60 —60
a=1 —60 30 a=1 30 30
Period 3
Principal / Type 1 Agent Type 2 Agent
0=0 =1 0=0 =1
a=0 90 —180 a=0 —180 —180
a=1 —180 90 a=1 90 90
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Table C.4: Treatment 4 payoff table.

Period 1

Principal / Type 1 Agent

Type 2 Agent

0=0 =1 0=0 0=1
a=0 10 —20 a=0 —20 —20
a=1 —20 10 a=1 10 10
Period 2
Principal / Type 1 Agent Type 2 Agent
=0 0=1 0=0 =1
a=0 40 —80 a=20 —80 —80
a=1 —80 40 a=1 40 40
Period 3
Principal / Type 1 Agent Type 2 Agent
0=0 =1 0=0 =1
a=0 160 —320 a=0 —320 —320
a=1 —320 160 a=1 160 160
T, 1 4 16
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Table C.5: Treatment parameters.

Treatment 1

Treatment 2

Treatment 3

Treatment 4

Stakes

Show-up fee

Exchange rate - e

Min. ECU/super-game
Min. TL/super-game
Max. ECU /super-game
Max. TL/super-game
Quiz ECU/correct answer
Quiz TL/correct answer

Survey payment

Halt-Laury task (ECU)

Halt-Laury task (TL)

Wl =
Wl =
Wl =

20TL
1/3
-60
-20
30
10
6
2
10TL
A: 36 vs 27
B: 60 vs 9
A:12vs 9
B: 20 vs 3

~ o
TN

\1‘)—!

20TL
1/7
-140
-20
70
10
14
2
10TL
A: 90 vs 60
B: 140 vs 20

B: 20 vs 2.86

139
13°13°13
20TL
1/13
-260
-20
130
10
26
2
10TL

A: 160 vs 120

B: 260 vs 40

A:12.86 vs 8.6 A: 12.31 vs 9.23

B: 20 vs 3.07

1 4 16
21" 21 21
20TL
1/21
-420
-20
210
10
42
2
10TL
A: 250 vs 190
B: 420 vs 60

A:11.9 vs 9.05

B: 20 vs 2.86
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Appendix D

CHAPTER 3 INSTRUCTIONS AND SCREENSHOTS
(TREATMENT 4)

D.1 English Instructions

INTRO

This is a decision-making experiment and part of a scientific project.

This experiment aims to understand how people make decisions in different sit-
uations. Your decisions will not be evaluated as "right” or ”wrong”.

The payment you will get in the experiment depends on your decisions, and how
your earnings will be determined is detailed in this instruction. Therefore, you must
read and understand the instruction carefully. The payment of your earnings will
be made in the BELIS laboratory in cash or in the form of a money transfer to your
bank account. The other participants will not be informed about your earnings.

The decisions you make and the answers you give are entirely anonymous, and
they are not matched with any identity information. You are strictly prohibited
from communicating with other participants until the experiment ends.

(Checker) I confirm that I will not communicate with other participants during
the experiment.

During the experiment, your communication with the experiment administrators
will be via the Zoom session, the link of which has been shared with you. Experiment
administrators will make audio announcements and answer any questions you may
have through this session. Therefore, it is essential to stay connected to Zoom
and keep your device’s volume unmuted to hear the announcements during the
experiment.

You can forward your questions to the experiment administrators using the
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“chat” feature of the Zoom session.

(Checker) I will not leave the Zoom session during the experiment and keep the
device volume up to hear the announcements.

The experiment takes approximately 120 min.

Your experiment links have been created individually. Please do not share your
link with anyone.

(Checker) I confirm that I will not share my test link with anyone.

If you experience a disconnection during the experiment, you can log in via the
same link and continue where you left off. If your problem persists, please contact
one of the experimenters via Zoom.

You must not leave the experiment application and Zoom session before the end
of the experiment. Even if a single participant does not complete the experiment,
the experiment data will become unusable for the project team.

If you leave the experiment before the end of the experiment, no payment will be
made to you, and you will not be able to participate in the future BELIS experiments.

(Checker) I confirm that I will not leave the experiment until the experiment is
completed.

General Information and Roles.

The computer will randomly select one of the Green and Blue colors in each
Round. An employer who cannot observe the color chosen by the computer decides
whether or not to give the job of observing this choice on his behalf and making a
decision based on it to the employee with whom he is matched. If he gives the job,
he decides whether to continue working with the employee based on his decision.

The employee is either Type 1 or Type 2.

e If Type 1, he will benefit both himself and the employer if he chooses the same

color as the computer.

e If Type 2: regardless of the computer’s choice, he gets a profit if he chooses

the color blue.

The employer does not know whether the employee is Type 1 or Type 2.
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You will be randomly assigned to either the employer or employee roles when
the experiment starts. If you are assigned to the employee role, you will be Type 1
with 10 % probability and Type 2 with 90 % probability.

Your assigned role will not change until the end of the experiment. If you were
appointed as the employer at the beginning of the experiment, you would remain the
employer until the experiment ends. If you were appointed as the Type 1 employee
at the beginning of the experiment, you would remain the Type 1 employee until the
experiment ends. If you were appointed as the Type 2 employee at the beginning of
the experiment, you would remain the Type 2 employee until the experiment ends.
Sections and Rounds.

An employer and an employee are matched at the start of each section. The
employer does not know whether the employee he is matched with is Type 1 or
Type 2. He knows that the probability of the employee being Type 1 is 10%, and
the probability of being Type 2 is 90%.

Each section contains a maximum of 3 rounds. At the beginning of each round,
the employer decides whether to assign the job to the matched employee. If the
employer decides not to give the job, the section ends regardless of the Round
number. For the next section, the employer is randomly matched with an employee.
How will your section earnings be determined?

The earnings the employer and the employee earned in the rounds completed
within a section determine their section earnings.

Example 1: Let us say the employer did not give the employee the job in Round
1. In this case, both the employer and the employee earning will be 0 POINTS.

Example 2: Let us say the employer gave the employee the job in Rounds 1 and
2 but did not give the job in Round 3. In this case, the section earnings will be as
follows: Round 1 earnings + Round 2 earnings.

You will be given a participation fee of 20 TL for the experiment. At the end
of the experiment, the computer randomly selects 2 of the 15 completed sections.
The sum of your earnings in these two selected sections determines your main stage

earnings.
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How will your Round earnings be determined?

The computer will randomly select one of the Green and Blue colors in each
Round. The probability of choosing both colors is equal.

In each Round, the earnings or loss of the employer and employee (who is assigned
to observe the computer’s choice and make the decision) depend on the computer’s
color choice and the color decision of the employee.

Employee Decision

In each Round, the employee observes the color chosen by the computer and

chooses one of the colors green and blue.

Employee:

o If Type 1; If he chooses the same color as the computer, he will benefit both
himself and the employer. (employer’s earnings with Type 1 employee is the

same. )

e If Type 2; If he chooses the color blue, he gets a positive profit regardless of

computer choice.

Round payoffs (depending on the preference of Type 1 and Type 2 employees and
the computer’s choice) can be observed in the tables below. The employer’s earnings
are the same as the Type 1 employee. If the employee chooses the same color as the

computer, the employer will profit; otherwise, he will lose.

Type 1 employee's and employer's earnings

Employee’s choice = Computer’s choice Employee's choice # Computer’s choice
Employer's earning  Type 1 employee's earning Employer's earning  Type 1 employee’s earning
Round 1 10 10 -20 -20
Round 2 40 40 -80 -80

Round 3 160 160 -320 -320
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Type 2 employee's earnings

Computer Blue Green
choice

Employee Blue Green Blue Green
choice

Employer Type 2 Employer Type 2 Employer Type 2 Employer Type 2

earning employee earning employee earning employee earning employee
earning earning earning earning
Round 1 10 10 -20 -20 -20 10 10 -20
Round 2 40 40 -80 -80 -80 40 40 -80
Round 3 160 160 -320 -320 -320 160 160 -320

Employer’s Decision

An employer and an employee will be randomly matched when each section
starts. The probability of the employee being Type 1 is 10%, probability of being
Type 2 is 90%.

After the section starts, the employer decides whether to give the job to the
employee he is matched with at the beginning of each Round. If the employee
decides not to give the job, the section ends, and the employer is rematched with
an employee for the next section.

In each section, the employer can give a maximum of 3 rounds of work to the
employee with whom he is matched. The section ends when the employee completes
the 3rd Round with the same employer. The employer is rematched with a new
employee for the next section.

Employer:

e Decides to give or not give the job to the employee for Round 1.

— If he gives the job, the employee makes a choice as described above. The
employer sees the computer’s choice and the employee’s decision. They

move to the 2nd Round.

— If he does not give the job, the section ends. For the next section, the

employer is randomly matched with an employee.
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e Decides to give or not give the job to the employee for Round 2.

— If he gives the job, the employee makes a choice as described above. The
employer sees the computer’s choice and the employee’s decision. They

move to the 3rd Round.

— If he does not give the job, the section ends. For the next section, the

employer is randomly matched with an employee.

e Decides to give or not give the job to the employee for Round 3.

— If he gives the job, the employee makes a choice as described above. The
employer sees the computer’s choice and the employee’s decision. The

section ends.

— If he does not give the job, the section ends. For the next section, the

employer is randomly matched with an employee.

The employee’s and employer’s total section earnings are determined as the sum
of their points earned from Rounds in that section. For example, suppose the em-
ployer decides to hire the employee in the first 2 Rounds and not in the 3rd Round.
The points earned by both the employee and the employer from the first 2 Rounds
will determine the section scores.

Stages in the Experiment.

1. Quiz. You will be asked to answer questions about the experimental design at

this stage. You will get 42 POINTS for each question answered correctly.

2. The main stage. Stage involving the 15 Sections described above.

3. Extra stage. This stage is independent of the main stage. At this stage, you
will be presented with 2 alternative random options. You will earn money

from this section according to your decision.

4. Survey
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Determination of experimental gains

You will be given a participation fee of 20 TL for the experiment.

2 of the 15 Sections will be randomly selected by the computer when the exper-
iment is completed. Your experiment score will be the sum of points you earn from
these two Sections and the points you earn from the Quiz and Extra stage. Your
total experiment score will be multiplied by 1/21 and added to the 20 TL partic-
ipation fee. At the end of the experiment, you will be asked about your preferred
payment type. You may receive your payment from BELIS laboratory on the day
to be determined late. Alternatively, you may share your bank details so that we

will send your earnings to your bank account.
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D.2 Turkish Instructions and Screenshots

Giris
Bu bir karar alma deneyidir ve bilimsel bir projenin parcasidir.

Bu deneyin amaci, insanlarin farkli durumlarda nasil karar verdigini anlayabilmektir. Kararlariniz “dogru” ya da "yanhs" olarak
degerlendirilmeyecektir.

Deneyde elde edeceginiz kazang, alacaginiz kararlara baglidir ve kazancinizin ne sekilde belirleneceg@i bu yonergede detayl bir sekilde
agiklanmistir. Bu nedenle, yonergeyi dikkatle okumaniz ve anlamaniz 6nemlidir. Elde edeceginiz kazancin 6demesi, sizin tercihinize gore,
BELIS laboratuvarinda nakit olarak veya sahsi banka hesabiniza para transferi seklinde yapilacaktir. Kazanciniz hakkinda diger katilimcilara
bilgi verilmeyecektir.

Aldiginiz kararlar ve verdiginiz cevaplar tamamen anonimdir, hicbir kimlik bilgisi ile eslestirilmemektedir.

Deney tamamlanincaya kadar diger katiimcilarla iletisim kurmaniz kesinlikle yasaktir.

O Deney stiresince diger katilimcilarla iletisim kurmayacagimi onayliyorum.

Deney suresince deney yoneticileri ile iletisiminiz sizinle uzantisi paylasiimis olan Zoom oturumu araciligi ile olacaktir. Deney yoneticileri
bu oturum araciligi ile sesli duyurular yapacak ve sizden gelebilecek sorulari yanitlayacaklardir. Bu nedenle, deney stiresince Zoom
oturumuna bagli kalmaniz ve oturuma baglanmak igin kullandiginiz cihazin sesinin duyurulari isitecek sekilde acik tutmaniz son derece
onemlidir.

Sorularinizi Zoom oturumunun «chat» kismini kullanarak deney yoneticilerine iletebilirsiniz.

O Deney siiresince Zoom oturumunu terketmeyecegim ve cihazin sesini duyurulari isitecek sekilde agik tutacagim
Deney yaklasik 120 dak. siirecektir.
Deney linkleriniz kisiye 6zgl olusturulmustur.

Deney linkinizi lutfen kimseyle paylasmayiniz.

O Deney linkimi kimseyle paylasmayacagimi onayliyorum

Deney sirasinda kopma yasarsaniz, ayni link tizerinden giris yapip kaldiginiz yerden devam edebilirsiniz. Sorununuzun devam etmesi
durumunda liitfen Zoom tizerinden deney yiiritiicllerinden biriyle iletisime gecin.

Deney sonlanmadan deney uygulamasini ve Zoom oturumunu terketmemeniz gerekmektedir. Tek bir katilimcr dahi deneyi
tamamlamazsa, proje ekibi acisindan deney verisi kullanilamaz hale gelecektir.

Deney sonlanmadan deneyi terketmeniz durumunda tarafiniza herhangi bir 6deme yapilmayacak ve bundan sonra yapilacak BELIS
deneylerine katilmaniz miimkiin olmayacaktir.

O Deney tamamlanmadan deneyi terketmeyecegimi onayliyorum.

llerle

Debug info

Basic info
ID in group 2
Group 7
Round number 1
Participant P2

Participant label
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Girisg

Bu sayfayl tamamlamak icin kalan siireniz: 9:33

Deney Yonergesi
Genel Bilgi ve Roller

Bilgisayar her Turda Yesil ve Mavi renklerinden birini rastgele olarak sececektir. Bilgisayarin sectigi rengi gézlemleyemeyen bir
isveren, bu secimi kendisi adina gézlemleme ve buna istinaden bir karar alma isini eslestirildigi calisana verip vermeme karari alir.
isi verirse, calisanin kararina bakarak onunla calismaya devam edip etmeme karar alir.

Calisan, 1. Tip ya da 2. Tip

e 1.Tip ise; bilgisayarla ayni rengi secerse hem kendisine hem de isverene kazang saglar.
e 2.Tip ise: bilgisayarin seciminden bagimsiz olarak Mavi rengini secerse kendisine kazang elde eder.

isveren, karsisindaki calisanin 1.Tip mi yoksa 2.Tip mi oldugunu bilmez.
Deney basladiginda rastgele olarak igveren ya da galisan rolline atanacaksiniz
Eger calisan roliine atanmissaniz %10 olasilikla 1. Tip, %90 olasilikla 2. Tip olacaksiniz.

Deney sonuna kadar atandiginiz rol degismeyecektir. Yani, deney basinda isveren olarak atanmissaniz deney sonlanana dek
isveren, 1. Tip calisan olarak atanmissaniz deney sonlanana dek 1. Tip galisan, 2. Tip calisan olarak atanmissaniz deney sonlanana
dek 2. Tip calisan olacaksiniz.

Turlar ve Boliimler

Her bélim baslarken bir isveren ile bir calisan eslestirilir. isveren, eslestirildigi calisanin 1. Tip mi yoksa 2. Tip mi oldugunu bilmez.
Sadece calisanin 1. Tip olma olasiliginin %10, 2. Tip olma olasiliginin da %90 oldugunu bilir.

Her bsliim en fazla 3 tur icerir. Her turun basinda, isveren eslestirildigi calisana isi verip vermeme karari alir. Isveren, calisana isi
vermeme karari alirsa, hangi turda olduklarindan bagimsiz olarak bolim sonlanir. Bir sonraki béliim icin isveren bir calisan ile
yeniden rastgele olarak eslestirilir.

Bolim kazanciniz nasil belirlenecek?

Bir bolimin icinde tamamlanmis olan turlarda elde ettikleri kazang isveren ve galisanin bolim kazancini belirler.

Ornek 1: Diyelim ki isveren, calisana 1. Tur'da isi vermedi. Bu durumda hem isverenin hem de calisanin Blim kazanci 0 PUAN
olacaktir.

Ornek 2: Diyelim ki isveren, calisana 1. ve 2. Tur'da isi verdi ama 3. Tur'da isi vermedi. Bu durumda Béliim kazanglari asagidaki
sekilde olacaktir: 1. Tur kazanci + 2. Tur kazanci

Deneyde size 20TL katilim ucreti verilecektir. Deney sona erdiginde, tamamlanmis olan 15 Bolimden 2 tanesini bilgisayar rastgele
olarak secer ve secilen bu 2 bélimde elde etmis oldugunuz kazanglarin toplami esas asama kazancinizi belirler.

Tur kazanciniz nasil belirlenecek?
Bilgisayar her Turda Yesil ve Mavi renklerinden birini rastgele olarak sececektir. Her iki rengin secilme olasiligi esittir.

Her Turda, isverenin ve (bilgisayarin secimini gézlemleyip karar verme isini verdigi) calisanin kazanci ya da kaybi bilgisayarin renk
secimine ve calisanin renk kararina baglidir.

Calisanlarin Karan
Her turda, bilgisayarin sectigi rengi goren calisan, gérdiigi rengin tzerine Yesil veya Mavi renklerinde birini secer.
Calisan:

e 1.Tip ise; bilgisayarla ayni rengi secerse hem kendisine hem de isverene kazang saglar. (isverenin kazanci 1. Tip calisanla
aynidir.)
e 2.Tip ise: bilgisayarin seciminden bagimsiz olarak Mavi rengini secerse kendisine kazang elde eder.
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1. Tip ve 2. Tip calisanin tercihi ve bilgisayarin tercihine gore her Turda kazanclarin nasil belirlenecegdi asagidaki tablolarda
gorilebilir. isverenin kazanci 1. Tip calisanla aynidir. Calisan, bilgisayarla ayni rengi secerse isveren kazang saglayacak, aksi
durumda kaybedecektir.

1. Tip Galisanin ve isverenin Kazanci

Calisanin karan = bilgisayarin segimi Calisanin karan # bilgisayarin segimi

isverenin kazanai 1. Tip calisanin kazanci  isverenin kazana 1. Tip calisanin kazanci

Tur 1 10 10 -20 -20
Tur 2 40 40 -80 -80
Tur3 160 160 -320 -320

2. Tip GCalisanin Kazanci

Bilgisayarin Mavi Yesil
segimi
Calisanin Mavi Yesil Mavi Yesil
karari
isverenin 2. Tip isverenin 2. Tip isverenin 2. Tip isverenin 2. Tip
kazana calisanin kazana calisanin kazana calisanin kazana calisanin
kazanc kazanc kazana kazana
Tur1 10 10 -20 -20 -20 10 10 -20
Tur 2 40 40 -80 -80 -80 40 40 -80
Tur3 160 160 -320 -320 -320 160 160 -320

isverenin Karari

Her Bolim basladiginda bir isveren ve bir calisan rastgele eslesecektir. Calisanin 1. Tip olma ihtimali %10, 2. Tip olma ihtimali %90
‘dir.

Boliim basladiktan sonra isveren her tur basinda eslestirilmis oldugu calisana isi verip vermeme karari alir. Herhangi bir turda
calisana isi vermeme karari alirsa boliim sonlanir ve bir sonraki bélim icin isveren yeniden bir calisanla eslestirilir.

Her boliimde isveren eslestirildigi calisana en fazla 3 tur isi verebilir. Calisan ayni isverenle 3. turu tamamladiginda bolim sona erer
ve bir sonraki bolim icin isveren yeniden bir calisanla eslestirilir.

isveren:

e 1. turigin calisana isi vermeye veya vermemeye karar verir.
o lsi verirse, calisan yukarida agiklandigi sekilde karar alir. isveren bilgisayarin secimini ve calisanin kararini gérir. 2. tura
geilir.
o [si vermezse, bdlim sonlanir. Bir sonraki béliim igin, isveren bir calisanla rastgele eslestirilir.
e 2. turigin calisana isi vermeye veya vermemeye karar verir.
o lIsi verirse, calisan yukarida aciklandigi sekilde karar alir. isveren bilgisayarin secimini ve calisanin kararini gérir. 3. tura
gegilir.
o Isi vermezse, bolim sonlanir. Bir sonraki bdliim igin, isveren bir calisanla rastgele eslestirilir.
e 3.turigin calisana isi vermeye veya vermemeye karar verir.
o [si verirse, calisan yukarida aciklandigi sekilde karar alir. isveren bilgisayarin secimini ve calisanin kararini gériir. B&lim
sonlanir.
o lIsi vermezse, bolim sonlanir. Bir sonraki bsliim igin, isveren bir calisanla rastgele eslestirilir.
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Calisanin ve isverenin toplam Boliim kazanci o béliimdeki Turlardan kazandiklari puanin toplami olarak belirlenir. Ornegin, isveren
calisani ilk 2 Turda ise alip 3. Turda ise almamaya karar verirse hem calisanin hem de isverenin ilk 2 Turdan kazandiklari puanlarin
toplami Bolim puanlarini belirleyecektir.

Deney'de yer alan asamalar.

1. Quiz. Bu asamada deney tasarisi ile ilgili sorulari cevaplamaniz istenecektir. Dogru cevapladiginiz her soru igin 42 PUAN
kazanacaksiniz.

2. Esas asama. Yukarida agiklanan 15 Bolimden olusan asama.

3. Ekstra asama. Bu asama esas asamadan bagimsizdir. Bu asamada size 2 alternatif sansa bagl secenek sunulacaktir ve
karariniza gore bu boltimden para kazanacaksiniz.

4. Anket

Deney kazanglarinin belirlenmesi
Deneyde size 20TL katihm {icreti verilecektir.

Deney tamamlandiginda 15 Bolimden 2'si bilgisayar tarafindan rastgele olarak secilecek ve deney puaniniz bu iki Bélimden
kazandiginiz puan ile Quiz ve Ekstra asamadan kazandiginiz puanlarin toplami olacaktir. Deney puani /21 TL ile carpilarak 20TL
katilim Gcretine eklenerek tarafiniza 6denecektir.

Odemenizi daha sonra belirlenecek giin ve saatlerde BELIS laboratuvarindan alabilir veya banka hesabiniza génderilmesi icin hesap
bilgilerinizi paylasabilirsiniz. Deney sonunda hangi 6deme tirini tercih ettiginiz sorulacaktir.

Litfen yénergeleri inceleyin. ilerle butonu 5 dakika sonra aktif olacaktir.

Debug info

Basic info
ID in group 1
Group 7
Round number 1
Participant P1

Participant label

Session code 948fogvr
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Sonuglar.

Bu sayfayl tamamlamak igin kalan stireniz: 4:27

5 sorudan 2 soruyu dogru cevapladiniz

Bu asamadan kazanciniz: 30 PUAN

Soru

Tip 2 Calisan, periyot
kazancini maksimize
etmek icin hangisini

se¢melidir?

Tip 1 calisan, bilgisayar
Mavi sectiginde
hangisini secerse periyot
kazancini maksimize
eder?

Diyelim ki galisanin Tip 1
olma ihtimalini 60%
olarak sectiniz.
Asagidakilerden hangisi
dogrudur?

ifadenin dogru mu
yanlis mi oldugunu
secin: Deney siiresince
roltintiz (isveren veya
calisan) ve tipiniz (Tip 1
veya Tip 2 calisan) sabit
kalacaktir.

ifadenin dogru mu
yanlis mi oldugunu
secin: isverenin 1. Tip ve
2. Tip calisan ile eslesme
ihtimali esittir.

Cevabiniz

Mavi

Mavi

Eger calisan Tip 1
ise, (1-60/100)"2 =
0.16 olasilikla 2
PUAN, 1-(1-
60/100)2 = 0.84
olasilikla ise 0 PUAN
kazanacaksiniz.

Dogru

Dogru

Dogru cevap

Mavi

Mavi

Eger calisan Tip 1 ise, 1 - (1-60/100)"2 = 0.84 olasilikla 2 PUAN
, (1-60/100)A2 = 0.16 olasilikla ise 0 PUAN kazanacaksiniz.

Deney basinda bazi katilimcilar rastgele olarak “Calisan”
roliinde, bazi katiimcilar “isveren” roliinde olacak. Roliiniiz
deney boyunca sabit kalacaktir. Her Bolim basinda calisanlara
bilgisayar bir “Tip" atayacak ve calisanlar 0,1 ihtimalle Tip 1, 0,9
ihtimalle Tip 2 olacaklardir. Tipiniz Béliim boyunca sabit
kalacak, her boliim bittiginde tekrar rastgele bir tip atanacaktir.

isveren 0,1 ihtimalle Tip 1, 0,9 ihtimalle Tip 2 calisanla
eslesecektir.

Lutfen sayfay inceleyin. ilerle butonu 2 dakika sonra aktif olacaktir.

Debug info
Basic info
ID in group
Group
Round number
Participant
Participant label

Session code

P1

t19aao5a

Cevabiniz
dogru
mu?

Dogru

Dogru

Yanlis

Yanlis

Yanlhs
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Bu sayfayl tamamlamak icin kalan streniz: 0:06

Isveren roliine atandiniz. Roliiniiz deney boyunca sabit

kalacaktir.

BSltim : 1
1. Tur Isi verme karari.

ISVEREN roliindesiniz. Bir calisanla rastgele olarak eslestirildiniz. Calisan 10% olasilik ile 1. Tip, 90%
olasilik ile 2. Tip.

Galisanin ylzde kag ihtimalle 1. Tip oldugunu distindyorsunuz?

23

Calisana 1. Tur icin isi vermek istiyor musunuz?
@® isi ver

O isi verme

Galisana isi verirseniz Tur kazanciniz: Calisanin karar bilgisayarin segimiyle ayni olursa 10 PUAN, bilgisayarin segiminden farkh olursa
-20 PUAN olacak.
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Bolim : 1
1. Tur Calisan Karar.

1. Tip calisan roliindesiniz.

isveren 1. Tur icin size isi verdi.

Detayli kazang semasi icin asagidaki yénergelere bakiniz.

Bilgisayarin Tercihi: Mavi

Kararniz :

O Yesil ® Mavi

Bilgisayarin secimi Mavi iken Mavi segerseniz sizin Tur kazanciniz 10 PUAN, Isverenin Tur kazanci 10 PUAN olacak.

Bolim : 1
1. Tur Sonucglan

Bu sayfayi tamamlamak igin kalan streniz: 0:17

Gegmis Tur Kararlan
Bilgisayarin secimi Calisanin karan Kazanamz  Tip Tahmininiz
1. Tur Mavi Mavi 10 PUAN 23

Bilgisayarin secimi Mavi iken galisanin karar Mavi oldu.

Bu yiizden 1. Tur kazanciniz: 10 PUAN.
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BSltim : 1
2. Tur Isi verme karari.

ISVEREN roliindesiniz.

Gegmis Tur Kararlan
Bilgisayarin s¢imi Cahisanin karan Kazancimiz  Tip Tahmininiz

1. Tur Mavi Mavi 10 PUAN 23

Calisanin ylzde kag ihtimalle 1. Tip eldugunu disintyorsunuz?

12

Calisana 2. Tur icin isi vermek istiyor musunuz?
® i ver

O lsi verme

Calisana isi verirseniz Tur kazanciniz: Calisanin karan bilgisayann secimiyle ayni olursa 40 PUAN, bilgisayann seciminden farkh olursa

-80 PUAN olacak.

Bolim : 1
2. Tur Calisan Karar.

1. Tip calisan roliindesiniz.

isveren size 2. Tur icin isi verdi.

Detayli kazanc semast icin asagidaki yénergelere bakiniz.

Gegmis Tur Kararlan
Bilgisayarin secimi  Karanmz  Kazancimiz

1. Tur Mavi Mavi 10 PUAN
Bilgisayarin Segimi: Yesil
Karariniz :
® Yesil O Mavi

Bilgisayarin tercihi Yesil iken Yesil secerseniz sizim Tur kazanciniz 40 PUAN, isverenin Tur kazanc 40 PUAN olacak.
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Bolim : 1
2. Tur Sonuglan

Bu sayfayi tamamlamak icin kalan stireniz: 0:16

Geg¢mis Tur Kararlan

Bilgisayarin secimi Cahsanin karari Kazancniz ~ Tip Tahmininiz
1. Tur Mavi Mavi 10 PUAN 23
2. Tur Yesil Yesil 40 PUAN 12

Bilgisayarin segimi Yesil iken ¢alisanin karar Yesil oldu.

Bu ytizden 2. Tur kazanciniz: 40 PUAN.

BSlim : 1
3. Tur Isi verme karar.

iSVEREN roliindesiniz.

Gecmis Tur Kararlari

Bilgisayarin segimi GCalisanin karar Kazancimz  Tip Tahmininiz
1. Tur Mavi Mavi 10 PUAN 23
2. Tur Yesil Yesil 40 PUAN 12

Calisanin ytizde kag ihtimalle 1. Tip oldugunu dustindyorsunuz?

12

Calisana 3. Tur icin isi vermek istiyor musunuz?
O lsi ver

® isi verme

Calisana isi vermezseniz, B6lim sonlanacak. Bu Turdan 0 PUAN kazanacaksiniz.

llerle
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Bolim : 1
3. Tur Calisan Karar.

1. Tip calisan roliindesiniz.

isveren size 3. Tur icin isi verdi.

Detaylt kazang semast icin asagidaki yénergelere bakiniz.

Bilgisayann Tercihi: Mavi

Karariniz :

O Yesil @ Mavi

Bilgisayanin secimi Mavi iken Mavi secerseniz sizin Tur kazanciniz 160 PUAN, Isverenin Tur kazanc 160 PUAN olacak.

Gecmis Tur Kararlan
Bilgisayarin secimi  Karariniz
1. Tur Mavi Mavi

2. Tur Yesil Yesil

Kazancaniz

10 PUAN

40 PUAN

B
3.

lim : 1
Tur Sonuclar

Bu sayfayi tamamlamak icin kalan stireniz: 0:17

Gecmis Tur Kararlan

Bilgisayarin secimi  Kararimiz

1.Tur Mavi Mavi
2.Tur Yesil Yesil
3.Tur Mavi Mavi

Bilgisayarin secimi Mavi iken karariniz Mavi oldu.

Bu ylizden 3.Tur kazanciniz: 160 PUAN.

Kazancimiz

10 PUAN

40 PUAN

160 PUAN
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Boliim 1 Sonuclan

Bu sayfayl tamamlamak icin kalan streniz: 0:57

Gegmis Tur Kararlan

Bilgisayarin segimi GCahisamin karan Kazancimiz ~ Tip Tahmininiz
1.Tur Mavi Mavi 10 PUAN 23
2.Tur Yesil Yesil 40 PUAN 12
3.Tur Mavi Mavi 160 PUAN 12

1. Tur kazanciniz: 10 PUAN.
2. Tur kazanciniz: 40 PUAN.

3. Tur kazanciniz: 160 PUAN.

Toplam B&lim kazanciniz 210 PUAN.

Liitfen diger katilimcilar bekleyin

Rastgele bir katihmei ile yeniden eslestirileceksiniz. Litfen Bekleyin.
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Bo6lim 15 Sonuglan

Bu sayfayr tamamlamak icin kalan siireniz: 0:56

Gegmis Tur Kararlan

Bilgisayarin segimi Karariniz Kazanciniz
1.Tur Mavi is verilmedi 0 PUAN
2.Tur Mavi Is verilmedi 0 PUAN
3.Tur Mavi Is verilmedi 0 PUAN

isveren size 1. Turda isi vermedi.

Toplam Bélim kazanciniz 0 PUAN.

ilerle

Son

Bu sayfayi tamamlamak icin kalan stireniz: 0:49

Bdeme icin secilen béltimler: 6 ve 13
Bu Baltimlerden kazancimz: 0 ve 0 PUAN.

Birazdan Ekstra Asamaya y&nlendirileceksiniz.
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Ekstra Asama

Bu sayfay1 tamamlamak icin kalan stireniz: 3:58

Simdi, 10 adet tercih yapmaniz istenecektir. Her tercih "Secenek A" ve "Secenek B" arasinda yapilacaktir.
Bu seceneklerdeki olasi kazanclar sabit olsa da yliksek kazancin olasihg degisecektir.

Butlin kararlan verdikten sonra, 10 karardan biri rastgele olarak secilecek ve bu asamadaki kazancinizi
belirleyecektir. Bu kararda, se¢mis oldugunu secenede gére (A veya B) ylksek kazang mi distik kazang
mi kazandiginiz rastgele olarak (belirtilen olasiklilara gére) belirlenecektir.

Ozet olarak: 10 adet tercih yapacaksiniz; her tercih icin "Secenek A" veya "Secenek B'yi sececeksiniz.
Bazi satirlarda 'A’, digerlerinde 'B' secebilirsiniz. Tercihlerinizi bitirdiginizde 10 karardan biri rastgele
olarak secilecek. O karardaki kazanciniz belirtilen olasiliklara gére rastgele olarak belirlenecektir.
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Bu sayfayl tamamlamak icin kalan streniz: 1:23

Secenek A

10.00% olasilik ile 250 PUAN,
yoksa 190 PUAN

20.00% olasihik ile 250 PUAN,
yoksa 190 PUAN

30.00% olasilik ile 250 PUAN,
yoksa 190 PUAN

40.00% olasilik ile 250 PUAN,
yoksa 190 PUAN

50.00% olasilik ile 250 PUAN,
yoksa 190 PUAN

60.00% olasihk ile 250 PUAN,
yoksa 190 PUAN

70.00% olasilik ile 250 PUAN,
yoksa 190 PUAN

80.00% olasilik ile 250 PUAN,
yoksa 190 PUAN

90.00% olasilik ile 250 PUAN,
yoksa 190 PUAN

100.00% olasihk ile 250 PUAN,
yoksa 190 PUAN

Secenek B

10.00% olasilik ile 420 PUAN,
yoksa 60 PUAN

20.00% olasilik ile 420 PUAN,
yoksa 60 PUAN

30.00% olasilik ile 420 PUAN,
yoksa 60 PUAN

40.00% olasilik ile 420 PUAN,
yoksa 60 PUAN

50.00% olasilik ile 420 PUAN,
yoksa 60 PUAN

60.00% olasilik ile 420 PUAN,
yoksa 60 PUAN

70.00% olasilik ile 420 PUAN,
yoksa 60 PUAN

80.00% olasilik ile 420 PUAN,
yoksa 60 PUAN

90.00% olasilik ile 420 PUAN,
yoksa 60 PUAN

100.00% olasilik ile 420 PUAN,
yoksa 60 PUAN
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Ekstra Asama Sonuclari

Asagidaki karar rastgele secilmistir:

Option A Option B
30.00% olasilikla 250 PUAN , o 30.00% olasilikla 420 PUAN ,
yoksa 190 PUAN yoksa 60 PUAN

Yukanda gérilecegi gibi bu kararda B sectiniz. Tercihinize gore, belirtilen kazanciniz belirtilen olasiliklar
dogrultusunda rastgele belirlenmistir.

Bu asamadan kazanciniz: 60 PUAN.

Anket

Anket sorularini dikkatli bir sekilde cevaplamaniz Snemlidir. Ankete katiliminiz igin deneyde elde etmis oldugunuz tim kazanca 10 TL

daha eklenecektir.

ilerle
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Anket

Lutfen asagidaki sorulan cevaplayin.

Genel olarak ne kadar risk alirsiniz? 0 = kesinlikle risk almam, 10 = kesinlikle risk alirm.

o0 O1 02 O3 04 O5 06 O7 O8 0% O10

Asadidaki alternatiflerden hangisini tercih edersiniz?
O Kesin olarak 475 TL kazanacaksiniz

O 9625 ihtimalle 2000TL kazanacaksiniz, %75 ihtimalle kazanciniz olmayacak

Asagidaki alternatiflerden hangisini tercih edersiniz?
O Kesin olarak 725 TL kaybedeceksiniz
O %75 ihtimalle 1000TL kaybedeceksiniz, %25 ihtimalle kaybiniz olmayacak

ilerle

Anket

Latfen asagidaki sorulari cevaplayin.

Yasiniz:

Cinsiyetiniz:
O Erkek
O Kadin

BILGI ye giris yiliniz:

Bslumunuz:

OSYM basan Burs durumunuz:
O Tam Burslu
O %75 Burslu
O %50 Burslu
O %25 Burslu

O Burssuz
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Babanizin son mezun cldugu egitim kurumunu hangisi en iyi ifade eder?
O Hig okula gitmemis
O ilk veya orta 5gretim
O Lise
O On lisans / Meslek Yiiksek akulu
O Universite (Lisans)
O Yiksek Lisans
O Doktora

Annenizin son mezun oldugu egitim kurumunu hangisi en iyi ifade eder?
O Hig okula gitmemis
O Ik veya orta &gretim
O Lise
O On lisans / Meslek Yiiksek okulu
O Oniversite (Lisans)
O Yiksek Lisans
O Doktora

Daha &nce bir BELIS deneyine katildiniz mi?
O Evet
O Hayir

Deneydeki kararlannizi nasil aldigimzi agiklayiniz.

Deneydeki kararlannizi en iyi agiklayan se¢enedi seginiz. :
O ilk iki turda bilgisayar Yesil secmisse 3. Turda Yesil segme olasiliginin %50 oldugunu diistinddim.
O lk iki turda bilgisayar Yesil secmisse 3. Turda Yesil secme olasiliginin %40-350 arasinda oldugunu diistinddm.
O ik iki turda bilgisayar Yesil segmisse 3. Turda Yesil segme olasiliginin %30-%40 arasinda oldugunu diistindtm.
O Ik iki turda bilgisayar Yesil secmisse 3. Turda Yesil secme olasiliginin %20-%30 arasinda oldugunu diisiindim.

O ilk iki turda bilgisayar Yesil secmisse 3. Turda Yesil secme olasiliginin %20den daha az oldugunu distinddim.

Deneydeki kararlarinizi en iyi aciklayan secenegi seginiz. :
O Herhangi bir turda bilgisayar Yesil segmisse bir sonraki turda Yesil segme olasiliginin %50 oldugunu distindtim.
O Herhangi bir turda bilgisayar Yesil secmisse bir sonraki turda Yesil segme olasiliginin %40-%50 arasinda oldugunu distinddim.
O Herhangi bir turda bilgisayar Yesil secmisse bir sonraki turda Yesil segme olasihiginin %30-%40 arasinda oldugunu distindim.
© Herhangi bir turda bilgisayar Yesil segmisse bir sonraki turda Yesil segme olasiiginin %20-%30 arasinda oldugunu dustindim.

O Herhangi bir turda bilgisayar Yesil secmisse bir sonraki turda Yesil segme olasiiginin %20den daha az oldugunu diisindim.

ilerle
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Deneyimiz sona erdi.
Kazancimiz:

52,00 TL

Liitfen agagidaki bilgileri kaydedin:
Tarih: 2022-06-04

Katiimer numarasi: 1

Katilimcr kodu: figmz81c

Tercih ettiginiz sdeme y&ntemini seciniz.

© Deney kazanamin asadida bildirecegim hesaba génderilmesini onayliyorum.

@® Deney kazancimi BELIS laboratuvarindan almak istiyorum

Seciminiz kaydedildi. Sizinle birkac gln icinde 6demenin yapilacagi zamanla ilgili e posta yoluyla iletisime gecilecektir.

Tercih ettiginiz 6deme ydntemini seciniz.
@® Deney kazanamin asagida bildirecegim hesaba gdnderilmesini onaylyorum.

O Deney kazancimi BELIS |aboratuvarindan almak istiyorum

Deney &demeniz projenin 2021 mali yili biitcesinden yapilacagi igin 2021'in ilk is gliniinde (4 Ocak 2021) yapilacaktir. Odemenizi
daha erken bir tarihte talep ediyorsaniz litfen mail yoluyla belirtin.

Deney édemenizin banka hesabina gonderilmesini talep ettiyseniz devam etmeden 6nce asagidaki adimlan izleyin.

1 - Asadidaki formda yer alan ifadeleri kendi el yazinizla bos bir A4 kigid tizerine yazin. Liitfen formdaki ttm ifadeleri eksiksiz ve
okunakl sekilde yazdiginizdan emin olunuz.

2- Doldurmus oldugunuz formun net bir fotografini ¢ekip belis@bilgi.edu.tr adresine yukandaki tarih, katilimcr numarasi ve
katiima kodu bilgileri ile birlikte génderin.

3- Universitemizin Mali isler biriminden gelebilecek herhangi bir ilave talebe istinaden formun ashini birkag ay saklamaniz rica

olunur.

4- Sayfanin asagisindaki bilgileri eksiksiz olarak doldurun.

istanbul Bilgi Universitesi Ekonomi Laboratuvan (BELIS)'te yapilan deneylere katilimim karsiiginda kazandigim ........ TL
(yazl ile .o TL) tUtarnin, belirttigim banka hesabina transfer edilmesini kabul ettigimi beyan ederim.
Ad-Soyad:

TC Kimlik no:

IBAN:

imza:
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Appendix E

CHAPTER 3 PROOFS

[ first define parameter 6; € (0,1) as the relative weight of the future periods
while 1 — §; is the weight of period i. In other words, in each period 7 the proportion
of remaining stakes allocated to period i is (1 — ;) and the proportion to leave to
subsequent periods is ;. Thus, v; = (1 — ;) H;_l d;. Defining the relative stakes

this way allows us to set stakes dynamically.

Proof. Proposition 3.1

1. Suppose p;+1(0,0) < p;+1(0,1) for some ¢ in the principal-optimal equilibrium.
Case 1. The agent prefers lower reputation level in period i+1 (i.e., lower reputation
level leads to a higher payoff). Then, given 6; = 0, the good agent prefers a; = 0
as this action leads to a higher period 7 payoff and period ¢z + 1 continuation payoff.
But then, x4 = 1 implies p;41(0,0) > p;41(0, 1), contradiction.

Case 2. The agent prefers higher reputation level:

1. v = 0 as the bad agent has no incentive to play action 0. If p? > 0 =
pi+1(0,0) = 1, contradiction. Hence, it is only possible if u? = 0, i.e., the
agents pool given 0; = 0 and p;41(0,1) = p;. If the of world is 0, then the
principal gets a payoff of & — % in period 1.

Now, suppose the above defined pooling strategies constitute an equilibrium

0

and consider the following: p? = 1 = 9.

Unlike above, p;11(0,0) = p;.
Markovian property implies that the equilibrium play and hence the payoffs in
period 7 + 1 onward is the same irrespective of the action on which the agents
pool. When the agents pool on action 0, the principal’s period i payoff is k.
The principal prefers the agents to pool on action 0. Therefore, Y = 0 can

not hold in the principal-optimal equilibrium.
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2. =1 = p;i11(0,0) > p;+1(0,1), contradiction.

3. u? € (0,1), i.e., the bad agent plays both actions with a positive probability.
As higher reputation level is preferred, the good agent will play action 1 with
probability 1. But then, p;+1(0,0) = 1, contradiction.

Hence, p;+1(0,0) > p;4+1(1,0) for all 7 in the principal-optimal equilibrium.
2. Next, we define reputation incentives given 6; = 1. We show that playing
action 1 given 6; = 1 can never increase the agent’s reputation level. Suppose for
contradiction that p; < p;41(1,1) for some ¢ in the principal-optimal equilibrium.
First, note that the bad agent need to play action 0 with a positive probability for
pi < pir1(1,1) to hold. Suppose not:

1. If ! =0 and p} = 0, then p; = p;11(1,1), contradiction.

2. If v} =0 and u} > 0, then p;11(0,1) =1 > p;11(1,1) = 0, another contradic-

tion.

Hence, we need to have v} > 0. Consider the following cases.
Case 1. The agent prefers higher reputation level in period i+ 1 (i.e., lower reputa-
tion level leads to a higher payoff). Then, given 6; = 1, the bad agent plays a; = 1
with a probability 1 as this action leads to a higher period i payoff and period i + 1
continuation payoff. If p} > 0 then p;1(1,0) =1 > p; > p;11(1,1), contradiction.
If 4} = 0 then p; = p;11(1,1), another contradiction.
Case 2. The agent prefers higher reputation level in period ¢ 4+ 1. Note that, the
future expected payoff of the good agent is strictly higher than that of the bad agent,
i.e, V%, >Vt . The reason is as follows. The good agent has a 1/2 chance of taking
the action that will increase her reputation (playing action 0 when 6 = 0). Playing
action 0 in any period costs the bad agent that periods payoff, but the good agent
gets the full payoff of k.

If v} > 0, then p = 1 as the good agent values future more. But then,

pi+1(1,0) > p;i11(1,1) = 0, contradiction.
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Remark 1. There are cases where the principal is indifferent among two possible
equilibrium behavior: (1) pooling when 0; = 1 and (2) reputation incentive when
0; = 1. In the first case, both types of agent play action 1 when 6; = 1, i.e., there
is no reputation update. The principal’s out-of-equilibrium path belief p;11(0,1) is
sufficiently low so that the agent has no incentive to play action 0. This behavior is
observed in the experiment in almost all instances; hence we will define the babbling
strategy in such cases. In the experiments, good agents always preferred to play the
action matching the state of world. Hence we focus on the equilibrium where the
agent’s pool given 0; = 1. More general equilibrium strategies are detailed in the
proof of each proposition (if applicable).

Consider the reputation building behavior of the agent. If the agents pool in
period i when 0; = 1, then the observation {a; = 0,0; = 1} is out-of-equilibrium
path. Hence, the principal’s belief p;11(0,1) is free - as long as it is sufficiently
low so that the agent’s sequential rationality constraint is satisfied. In such case,
pir1(1,1) = p; > pix1(0,1). On the other hand, if the agents separate given 0; = 1,
then pi+1(0,1) > p; > piy1(1,1) must hold. In words, playing action 1 when the

state of world is 1 does not increase the agent’s reputation level in any case.

Proof. Proposition 3.2
I will provide the proof by backward induction. First, we will provide two periods

equilibrium.

Lemma E.1. In two-periods interaction, the principal-optimal equilibrium:

1. Ifpr > 1— 2k:

A2(0,0) = Ay(1,1) = 1 & Ay(1,0) = Ay(0,1) =0

2. If 1 — 4k +4k2 < py < 1 — 2k:
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2kp
(1= p1) (1— 2k)
A(0,0) =1, & Aa(1,1) = A2(1,0) = X2(0,1) =0

=l =0 =

Proof. Lemma E.1
The expected continuation payoff of the principal in the last period (i = 2) is
given by:

11
VE=k—-+=
2 2+2P2

Hence, Ay (01,a1) = 1 iff py (61,a1) > 1 — 2k
1. pp > 1-2k:

First note that v{ = u{ = 0 in the principal-optimal equilibrium. In any equilib-
rium where v{ > 0 or ui > 0, the principal gets a lesser payoff.

We will show that the principal chooses §; = 11 For contradiction, suppose

+k°

that §; > 14+k; Then, 1Y = 1 and V' = (1 -6k + & (k’ — 2+ 1p1) which is
decreasing in ;. Hence, the principal will deviate to §; = . Suppose §; < 1J1rk,

then 1 = 0 and

1 1 1 1 1
Vi =(1-d) (p1k+(1—p1) (k?— 5)) t 3 o1p1k + 3 01 (k‘— §+§,01)
o o
61=0 01=1

Which is increasing in ;. Hence, the principal will deviate to §; = IJ%k Then:

k 1 1
VP " e Lo T Y L1
ST +2( pr) (k=1 +5(L=p) (k=141
1 1 1
N fpﬁ L—p)wi) (’f——+2pz(0 0))
02=0 prob[alvowl =0]

R AR
2 1+k 5 "M
et

02



Appendiz E: Chapter 8 Proofs

170

For k > i,%vo = 35 (L—p1) (2k—3) > 0. Hence, V/* is increasing in v/
and the principal-optimal /!

1
p2(0,1) = 0, thus As(0,0) = As(1,1) = 1 & As(1,0) = Ae(0,1) = 0.
VI becomes:

1 11
rp_ - 2 = -
V1_1+/<(k+k 2+2p1)

2. (1-2k)?<p <1-2k:

Note that Ag (61,a1) = 1 can not be an equilibrium strategy because it implies
V¥ =0 and py (01,1) < py < 1 — 2k contradiction.
Principal again chooses 6, =

1+Lk' For contradiction, suppose that ¢,
Then,

1
I+k

1. A(01,0) =1 for some 6; € {0,1}. Sequential rationality of bad agent implies

= 1. But then, ps(6;,0) = p1 < 1 — 2k, contradicting A\y(01,0) =1 .

2. Hence, \y(61,0) < 1 for both 6; € {0,1}. A2(61,0) < 1 implies V;/' =0 . As

V)l =0, V|l is decreasing in §;, hence the principal will deviate to &,

_ 1
T+k-
Now suppose suppose that d; < 14%1&
p 1 1
Vi=(0=361) | pk+(1—p1) k—§ + 551P1k
0
1=0

Which is increasing in 0;. Hence, the principal will deviate to d; = 5

1
%
For (51 1 k’ the expected continuation payoff of the pr1n01pal

ko1 1
V= 1+k(p1k‘+ —p1(k— )+

N | —

(1) (k=) 5 (1= 1) (6= 1409))

5 £p1+1—p1 & (’f——+ 0200)>
9\2:(7 probla1= 0\91 0]
% £P1M1+ (1—p1)v ) (k—%Jr;pz(o 1))
9\2;/ problay= 0|91 1]
% = —315 (1= p1) < 0, hence V{" is decreasing in »{ and the principal-
optimal 1/1 = 0.
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VP is independent of yy, thus the principal-optimal p; € [0,1]. We choose

11 = 0, i.e., the babbling behavior given 6; = 1 as our equilibrium behavior.

88‘;1; = 575 (1—p1) (2k—3) > 0 for k > %, hence V" is increasing in 1.
The principal-optimal ) is the maximum probability in which the equilibrium
believes are satisfied. More precisely, p2(0,0) > 1 — 2k so that A, (0,0) = 1.
p2(0,0) is decreasing in 1 and the maximum v satisfying equilibrium conditions is

Qkpl

0= p) (1—2K)
VE becomes:

3 11
E = % — 2> — =+ =
& (1+/<:)(1—2/<:)(k K 2+2p1>

and p2(0,0) = 1 — 2k.

Which is non-negative for p; > (1 — 2k)2. Thus, for lower initial reputation levels,

)\1:0

Proof. Proposition 3.2

From Lemma E.1, we know last two periods equilibria for all possible ranges of
p2. Note that, by Proposition 3.1, pi1 (0;,1) < p; for 6; € {0,1}. As p; < (1 —2k)?,
Mg (01,0) = 0 in any equilibrium. In the first period of the three periods interaction,
there are two possibilities: (1) ps (61,0) > 1—2k or (2) p2 (61,0) <1—2k. If a; =0
is played with a positive probability, then both py (61,0) and p2(61,0) should belong
to the same range. Otherwise, suppose po (6”1, 0) > 1— 2k and p, (9/1/, O) <1-2k
for 6, # 6. For &y, if the bad agent is indifferent between both actions given
0, = 0), then Vflll =1as (9’1', 0) leads to a higher continuation payoff than (8’1, 0). It
implies py (9/1/, O) = p; < 1 —2k, contradiction. For 4y, if the bad agent is indifferent
between both actions given #; = ], then Vfll = 0. It implies po (9’1, 0) =1>1-2k,
contradiction.

Following the similar calculations as in Lemma E.1, it is easy to show that V'

e is increasing in 0y if &, is such that " =0

e is decreasing in ¢; if d; is such that Vfl >0
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hence, the principal will set d; so that the bad agent is indifferent between playing
both actions.

Next, we define the 4 different equilibrium and select the principal-optimal one.
Following Proposition 3.1 and Lemma E.1, we know that the agent is not hired in
the second period if action 1 is observed in the first period. Hence, the only possible
action after which the agent is hired in the second period is action 0. There are two
cases: p2 (0,0) > 1— 2k or pe (0,0) < 1 — 2k. In each case, there are two sub-cases:
agents pool when #; = 1 or they separate, i.e., at least one type plays action 0 with
a positive probability.

Case 1. py(0,0) > 1 — 2k.
Case 1.1. py > 0.

The sequential rationality constraint of the bad agent implies:

]{?2
1— 6k =(1— 1 gy i
(1= 6)k=(1—-6)(k—1)+0 k+1+k
) 2(1+ k)
DA ST V0

For given &y, uy = 1 as Vi > V. It is easy to show that VI is decreasing in

vi. Hence the principal optimal v = 0. The expected continuation payoff of the

principal:
k + 3k? 1 1 1
P:— o 1— - - -1 0
v T 7l WO il Il p1)<2k+2(k +1)
1 2(1+4k) 11
- k4=
T 5 s aen Ao )y ( * 2+2p2(0’0))
<~ ~
02=0 probla1=0|61=0]
1 2(1+k) L
+ 5 e
2 24 3k+ 3k

Which is increasing in v for & > 1. Hence the maximum 2{ satisfying equilibrium

2k
conditions is the principal optimal, which corresponds to v/ = and

(1= p1) (1 —2K)
02(0,0) =1 —2k. V{¥ becomes:
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o k(14 12k — 2py — 2k% (4 + p1) — k (1 —2p1)) (E1)
1= 2(—2+ k + 3k2 + 6k3) '

Case 1.2. ;1 = 0.

Following Proposition 3.2, u; = 0 implies v{ = 0, i.e., the agents play pooling
strategy. As p1 < 1 — 2k and po(1,1) = p1, A\a(1,1) = 0. J; value is same with Case
1.1 as sequential rationality constraint does not change.

The expected continuation payoff of the principal:

- k + 3k y ) 1k 1k A
1 —m<m )+ ( —P1)<§ +§( - +u1)))
> 213k 1 3% L—p)v))—— (K +k— S+ =
* 2 o e st pl)yl)/uk( " 2+2pz(0,0))
N~ ~—
02=0 p?“ob[a1:0|01:0]

Which is increasing in ¥ for k > %. Hence the maximum ? satisfying equilibrium

2kp

conditions is the principal optimal, which corresponds to v/ = i T = 28) and
02(0,0) = 1 — 2k. VI becomes:
V= (E.2)

2(—24 k + 3k + 6k3)
Case 2. p5(0,0) < 1 — 2k.
Case 2.2. 1y > 0.
The sequential rationality constraint of the bad agent implies:
12

(1=0)k=(01-=06)k—-1)+6 o7

1+k

§1— —
SO TR
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For given 6y, 1 = 1 as Vi/ > V. The expected continuation payoff of the principal:

k? 1 1 1
lezm p1 k_§ +(1—p1)(E(k—ull)+§(k:—l+u?))

+ S (p1+ (1= p1) 1Y) ; 2k — 2k* 1_|_1 (0,0)
2tk PO k) (1 26) 5+ 5020,
01=0 probla1=0{61=0]

1 1+k I L
S Tk i2 1—p1) v % —2k2 — = + =py (0,1

+ 3 rrrrEe e g ( 3 +3720.0)

01=1 p"'Ob[(l1:0|91:1]

V/F is decreasing in v{, hence the minimum v} satisfying equilibrium conditions is
2kp
(12

2k. V' is increasing in 1 for k > i. Hence the maximum 2 satisfying equilibrium
4kpy (1 — k)
(1—p1)(1— 2]‘5)2

the principal optimal, which corresponds to v{ = and p2(0,1) = 1—

conditions is the principal optimal, which corresponds to /!

and p2(0,0) = (1 — 2k)2. V;¥ becomes:
k% (=1 + 6k — 12k + 8k + p1)

VP = 5 (E.3)
2(1—2k)° (1 +k+ k2)

Case 2.2.

Following Proposition 3.2, u; = 0 implies v{ = 0, i.e., the agents play pooling
strategy. As p; < 1 — 2k and po(1,1) = p1, Aa(1,1) = 0. §; value is same with Case
2.1 as sequential rationality constraint does not change. The expected continuation

payoff of the principal:

k:2 1 1
P 0
‘/1 m(plk"’(l_pl) (§k+§(k‘—1+l/1)>)

S (1 + (1 )17) i 2k — 2k* 1+1 (0,0)
- R e 11
2k U k) (1 2k) 2 2
01=0 probla1=0]61=0]

+

VP is increasing in 19 for k > %. Hence the maximum ? satisfying equilibrium
4kpy (1 — k)
(L= pr) (1 2k)°

conditions is the principal optimal, which corresponds to 1 =
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and py(0,0) = (1 — 2k)2. V;¥ becomes:

o k2 (=1 + 6k — 12k2 4 8k3 + py) E.4
L 2(1-2k) (1 4kt k) o

Realize that E.3 = E.4, the principal obtains same payoff in Case 2.1. and Case
2.2. Comparison shows that for the defined range of p;, V'(E.3) = VF'(E.4) >

VFP(E.1) > VP(E.2). The principal gets a higher payoff in Case 2. Hence the
1+k

1+ k+ k>
the reputation level. As the principal is indifferent between babbling and separating

principal sets 0; = In words, he prefers a more gradual evolution in
behaviour given #; = 1, we select Case 2.2. as our equilibrium candidate as explained

in the text. []

Proof. Proposition 3.3
Note that there is no reputational incentive in any equilibria. Suppose that

V% > 0 for some 6;. The maximum continuation payoff the bad agent can get is

The

%(—%) + %% + %% = 0. The agent deviates to play action 1 and get

11
33"
same reasoning also applies to the good agent. Hence, ps (0,0) = 1 and py (1,1) =
p1- Thus, X5 (0,0) = 1 and Ay (1,1) depends on V;F'. For the lowest py, V' =
% (Pz + %Pz - % (1 - 02)) = % (202 - %) As py (17 1) =p1 =01, A\ (17 1) = 0. The
agent is hired in the second period only after (0,0). Thus the principal’s expected

continuation payoft:

1 1 1 1/5 1
P _ - _ = _ - —_ (= _
=35 (m 5 (L=p1)+ 2/)12) 5 <2p1 2)

which is equal to —0.028 for p; = 0.1. [

Proof. Proposition 3.4
There is no reputation incentive in the second period. The reasoning is that
playing action 0 can lead a maximum continuation payoft % (—4+4) = 0, the agent

will deviate to lay action 1 and get . Thus, v3&vi&ps = 0.
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First we will show that A3(1,1) € (0,1) in any equilibrium. Suppose that
A3(1,1) = 0. Then, Vi = Z. Sequential rationality constraint of the bad agent
implies {&v] = 0. But then, py(61,0) = 1, hence A3(1,1) = 1, contradiction.

Suppose that A3(1,1) = 1. Then, Vi = 5; (2+4). Sequential rationality con-
straint of the bad agent implies 1{&v] = 1. But then, py(0,6;) = p; as v{ =1
implies 1 = 1 by Proposition 3.1. As p; = 0.1, p3(1,1) = po» = p; = 0.1, then
A3(1,1) = 0, contradiction.

For A3(1,1) € (0,1), p3 (1,1) = py = 5. For p5(0,0) = 3, —#—% = 3. Hence,

2p1

0 _
i = 1—p1

O

There are two possibilities when #; = 1. The principal may hire or not hire
the agent after (1,0). Note that the agent will never be hired after (1,1) because
p2 (1,1) = p;. If the principal is hiring the agent after (1,0), then v{ > 0 and pu; = 1
by Proposition 3.1. Moreover, the principal may never hire after observing 6; = 1
irrespective of the action. The agent’s best response is p; = 0 and v{ = 0.

Case 1. X2 (1,0) =1

0 21 __ 2

— 1_ 0 _
Aspp =1, v =) =72 = 5.

1 1 1 12
P _ _— —_ —_ —_ = — —_ = ——
Vo =57 (2P2 + (1 =p2) (1) + 2P24) (502 = 1) = 573

1 200 \ 2\ 1 1 1
_Z 1— SV (9 -2 ) = ——
5 T (/)1 + (1 —p) 1 —p1)) 3> 51 ( pP1 2) =0

Case 2. )\, (1,0) =0

1 0_ 2,1 _ 2
Then, ,ul&l/l —07 Yy =10 9

=
v
|
2|
VR

1 1 1
V1P=ﬁ{P1+§(1—Pl)1+§(1_p1>(V?l_(1_V§)>2)

201 2 1 /11 1 15
1—p)—— == — [ =p;,— = )| = —— ~0.0024
+(p1+( pl)(1—p1))3} 21<2p1 2) 21100
As the second case leads to a higher expected continuation payoff, the principal

will not hire after observing 6; = 1. m
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Proof. Proposition 3.5
First we will show that (1, 1)&A3(1,1) = 0 in any equilibrium.

1. Suppose that A2(1,1) = 0 and A3(1,1) > 0. Then, V3 > 33, hence V9 =1 for
at least one #;. But then po(61,0) = p1 = p3(1,1), contradicting Az(1,1) > 0.

2. Suppose that Ao(1,1) > 0 and A3(1,1) > 0. Note that ps(1,1) < py, hence
A3(1,1) = 0 after (61,a1) = (1,1). Suppose A3(1,1) > 0 after after (0;,a;) =
(61,0) for any 6. Then, " = 1 and py(61,0) = p1, contradicting Ag(1,1) > 0.

3. Suppose that A>(1,1) > 0 and A3(1,1) = 0. A3(1,1) = 0 implies Vy = 553. If
A2(1,1) > 0, then v{ = 0. But then, u; = 1 and p(1,0) = 1. The bad agent

will deviate to action 0. Hence there is no such equilibrium.

Following Proposition 3.2, the principal is indifferent between pooling and separat-
ing behavior given #; = 1 and we choose babbling behavior for the definition of

equilibrium.

1 1

39V, = 3p2+§(1 —p2)3—|—§(1 —p2) (35 — 6 (1—19))

#3(t (1=p) (o000 )

839V 9

g~

(1—p2) >0forpys <1

=] ©

Hence, V" is increasing in . The principal-optimal 4 is the highest probability

satisfying the equilibrium condition so that A3(0,0) = 1. In particular, p3(0,0) =

P2
po+ (1 — po)1/d = % and uS = 1—2_%, VQP becomes % (9p2 — 1).
2

A3(1,1) = 0 and A\(0,0) = 1 implies that 5 < p2(0,0) < 3.

1 1 1

39V)" = oA + 5(1 —p1) + 5(1 —p1) (l/? -2 (1 — 1/?))

+ % (pr+ (1= p1) 1) (g (902 (0,0) — 1))
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839V 3 3
- — (1= — —(1—
o0 5(1=p) =7 (1=p1) >0

Hence, V/I' is increasing in 1. The principal-optimal ¢/ is the highest probability

P1
satisfying the equilibrium condition. In particular, ps(0,0) = 5= %
p1+ (1= po )ik
and 1 = 18_% = 5. V{" becomes:
(20 1)y v
Vi=—|—=p—=| == ~00218
P9 |\ 2T 2) TS

Proof. Proposition 3.6

We will first show that Ay(61,0) < 1 for 6; € {0,1}. Suppose for contradiction
that Ay(61,0) = 1 for some ;. Then Vfl = 1 which implies py(61,0) = p;. After
(61,0), if X3(f2,0) = 1 for some 6y, then 15> = 1 and ps(6s,0) = p2(61,0) = py < 3,
contradicting A3(f2,0) = 1. Hence, if Ay(61,0) = 1 for some 6, then A\3(f2,0) € (0, 1)
for both 6y after observing (6;,0). Then:

1 1 1
63V, = §p24 + 5p2 (—8po +4 (1 — p2)) + 5(1 —p2) (8 +4(1-1y))
1
+ 5(1 — p2) (45 —8 (1 —14))

A3(62,0) € (0,1) implies p3(f2,0) = 5. Hence, 1§ = 12_% and vy = 21“_%’)22 (or

vs = o = 0 as discussed earlier).
63V;" = 18py — 18papz — 2

Which is negative for py < %. Thus, p; = 0.1 implies A2(6;,0) < 1 for both 6;. The
lowest p, for which the agent is hired in the second period is p, = % where s = 0
and A3(1,az) = 0 for both as.

Case 1 p; > 0, i.e., separating given #; = 1:
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A2(61,0) € (0,1) implies ps(61,0) = § and Vi = 18_”;1 = & for both 6. It in
2p2 1

1—po 4

0 _
y =

turn implies py = 1 by Proposition 3.1. A3(0,0) € (0,1) implies v
Ai+1(6;,0) probabilities follow from the sequential rationality constraints of the bad
agent.

A2(01,0) € (0,1) implies V3" = 0. Hence, V{¥ = — 5= ~ —0.00794
Case 2 yi; = v = 0, i.e., pooling given 0; = 1:

Xo(61,0) € (0,1) implies p5(0,0) = § and ] = £ = 5. 13(0,0) € (0,1)

202 _ 1

Ty = 1 Ai+1(0;,0) probabilities follow from the sequential rationality

implies v =
constraints of the bad agent.

A2(01,0) € (0,1) implies V3" = 0. Hence,

1 /1 11 1/81 1(-2)
vP— (2 | il B N ~ 0.013
1 21(3p1+( p1)23+2(93+9 3 )>

Clearly, the principal prefers the babbling behavior. O



