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Abstract

This thesis consists of three self-contained essays on nonlinear pricing and rent-
seeking. In the first essay, I study behavioral nonlinear pricing in both monopoly and
common agency by introducing the Fehr and Schmidt (1999) type of other-regarding
preferences. In the second one, I focus on sabotage in rent-seeking contests in which
the rent is endogenously determined. In the last one, I study information disclosure
with Bayesian persuasion in endogenous rent-seeking contests.?

In the first chapter of the thesis, I provide new theoretical insights about non-linear
pricing in monopoly and common agency by combining the classical principal-agent
framework with other-regarding preferences. In the monopoly part, I introduce a
new theoretical model that separately characterizes status-seeker and inequity-averse
buyers. I show how the buyer’s optimal choice of quality and market inefficiency
change when the buyer has other-regarding preferences. In the common agency part,
I show and find the optimal quality and non-linear pricing schedule when the buyer
has other-regarding preferences. 1 also conclude that regardless of whether goods
are complements or substitutes, if the buyer is a status-seeker (inequity-averse), the
equilibrium quality distorts downward more (less) compared to the classical common
agency literature

In the second chapter, I find the optimal productive rent-seeking and sabotaging
efforts when the prize is endogenously determined. In this study, productive rent-

seeking efforts do not only affect the winning probability but also generate additional

'In the second and third chapters of the thesis, I mainly introduce the endogenous rent-seeking
contest environment. In my previous studies, I focused on legislative bargaining, and as in Geng
and Kiigiikgenel (2019), we introduced an endogenous recognition process to the conventional model
of legislative bargaining over private and public goods. What we had in the model was that even
though legislators exert effort to become a proposer, legislators’ efforts were unproductive. However,
we know from the literature that there are real-life examples where efforts can be productive and
can increase the size of the rent. In this sense, I find it interesting to study endogenous rent-seeking
models in both sabotage and information disclosure separately.
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surplus over the fixed prize. Contrary to the previous literature, I show that due
to the existence of endogeneity, sabotaging the productive rent-seeking efforts causes
sabotaging the endogenous part of the prize, which can affect the rent-seeking ef-
forts. Hence, if monitoring is feasible, the contest organizer may want to monitor
the sabotaging activities. Moreover, I introduce social preferences into my model and
characterize symmetric productive rent-seeking and sabotaging efforts. In the end,
I compare the productive rent-seeking and sabotage efforts of other-regarding and
self-regarding contestants.

In the last chapter, I propose a new theoretical model regarding information disclo-
sure with Bayesian persuasion in rent-seeking contests when the efforts are productive.
I show that under one-sided incomplete information, information disclosure decision
depends on both the marginal costs of exerting efforts and the marginal benefit of
aggregate exerted effort. I find that since the efforts are productive and add a positive
surplus on the fixed rent, my model narrows down the conditions for the information
disclosure compared to the exogenous model. Under the two-sided incomplete infor-
mation case, I observe that there is a non-monotone relationship between optimal
effort and posterior beliefs. Thus, it might be difficult to conclude whether a contest

organizer should disclose any information to contestants.
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1 Other-Regarding Preferences in Adverse Selection

Abstract

This study aims to provide new theoretical insights about non-linear pricing in both
monopoly and common agency by combining the classical principal-agent framework
with the Fehr and Schmidt (1999) type of other-regarding preferences. In particular,
we offer a new theoretical model that characterizes both status-seeker and inequity-
averse buyers in monopoly and common agency. In the monopoly part, we show
that if the buyer is a status-seeker (inequity-averse), and if the type set is sufficiently
homogeneous and/or the marginal cost of the production is sufficiently high, then the
optimal quality and market inefficiency become higher (lower) compared to the self-
interested buyer in the equilibrium. Similarly, under the same conditions, as the buyer
becomes more status-seeker (inequity-averse), then the optimal quality and market
inefficiency increase (decrease) more. In the second part, we focus on the common
agency framework and introduce the Fehr and Schmidt (1999) type of other-regarding
preferences into the model. We show and find the optimal symmetric quality and non-
linear pricing schedule when the buyer has other-regarding preferences. We mainly
find that regardless of whether goods are complements or substitutes, if the buyer is
a status-seeker (inequity-averse), inefficiency increases (decreases) more compared to
the conventional common agency model. That is to say, if the buyer is a status-seeker
(inequity-averse), the equilibrium quality distorts downward more (less) compared to
the classical common agency literature. Moreover, we show that if the buyer’s type is
sufficiently high, as the degree of being a status-seeker (inequity-averse) increases, the
optimal quality increases (decreases) regardless of whether the goods are complements

or substitutes.



1.1 Introduction

“Apart from economic payoffs,
social status (social rank) seems to
be the most important incentive and

motivating force of social behavior”

Harsanyi (1980)

In the mainstream economics literature, it is a convention that all parties are as-
sumed to be “self-interested” that is, all agents care only about their own materials,
payoffs, or well-being. However, recent developments in behavioral and experimental
economics have led us to the fact that it may not be true in most real-world prob-
lems and that people tend to deviate from the self-interest approach!. Many lab
experiments and studies reveal that people care not only about their well-being but
also about the well-being of others for many reasons. Thus, we observe that people’s
decision-making processes are strongly influenced by other-regarding concerns in real
life.

Social sciences reveal that compared to the self-interested models, both status-
seeking activities or expectations and inequity-aversion and fairness concerns are sig-
nificant in the decision-making processes. For example, people tend to make “conspic-
uous consumption”? to gain status or prestige in societies. In this context, Nelissen
and Meijers (2011) study the costly signaling of wealth and status. They find that
luxury consumption increases status, resulting in social interaction benefits. In addi-
tion, Yoon and Seok (1996) examine the reciprocal relationship between conspicuous
consumption and social status by analyzing data from a sample of 531 Korean urban
households. They show that both conspicuous consumption and social status rein-
force each other. On the other hand, unlike status-seeking activities, fairness, and

inequity aversion also play a key role in why people care about others’ situations.

1 See Rabin (2002) and Camerer (2003).
2 As far as we know, this definition was first defined by Veblen (1899).



For example, Fehr and Schmidt (1999) indicate that due to psychological evidence on
social comparison and loss aversion, people do care about the situation of others in
terms of fairness and inequity-aversion.

As a part of mainstream literature, conventional contract theory also uses the
“self-interest” approach. However, because of the two main reasons explained above,
this approach should be relaxed and social preferences should also be taken into
consideration. There are studies in the literature that combine social preferences
with moral hazard. Itoh (2004) introduces other-regarding preferences into the moral
hazard and studies the classical principal-agent framework with the assumption that
agents are inequity averse. In this work, Itoh (2004) shows that the principal can
exploit the agents due to the being inequity averse of agents. Saygili and Kiigiiksenel
(2019) introduce social preferences into organizational hierarchies. They scrutinize
that other-regarding preferences do change the collusive behavior among all agents.

As far as we know, in the adverse-selection literature, few studies also consider
social preferences. Destan and Yilmaz (2020) is the closest paper to ours in terms
of context. They study non-linear pricing in a monopoly in which buyers may have
inequity-averse preferences. They characterize optimal non-linear pricing and show
that as the degree of inequity aversion increases, the profit level of the monopoly
decreases. In their work, inequity aversion is introduced by considering net utility
differences between fair types and neutral types. At this point, however, it would
be a good idea to consider the following points as well. First, we believe that the
comparison of the net utility differences may not fit well in the concept of other-
regarding preferences because even though the comparison of the net utility differences
between fair and neutral types is theoretically feasible, we know and observe from the
real-life examples that people do compare goods and services in real-life situations
such as quality (or quantities) of goods, wages, etc. That is why, we believe that
instead of using net utility differences, basically using quality (or quantity) differences
can make the problem more sensible. However, this approach naturally brings new

challenges to the characterization of the solution, as we show in our methodology.



Second, unlike inequity-averse buyers, as we explain above, it is also crucial to analyze
the outcomes of status-seeking activities. Third, it would be also important to see
how the outcomes change when the competition increases.

In this work, we mainly offer a new theoretical framework that characterizes both
status-seeker and inequity-averse buyers in both monopoly and common agency. In
the monopoly part, we analyze and characterize the optimal quality and non-linear
pricing schedule for status-seeker and inequity-averse consumers separately. We show
that if the buyer is a status-seeker, and if the type set is homogeneous enough and/or
the marginal cost of the production is high enough, then the optimal quality increases
compared to the self-interested buyer in the equilibrium. This occurs because as the
type set is homogeneous enough, then the status-seeker buyer considers other types as
competitive rivals. On the other hand, even if the type set is not homogeneous, and
if the marginal cost of production is high enough, then the status-seeker buyer wants
to have a higher qualified or more expensive product with the hope of gaining status
in society. Moreover, different from classical monopolistic screening literature, due to
the existence of the status-seeker parameter, even the highest type gets the inefficient
allocation in the equilibrium. Thus, the inefficiency increases compared to the self-
interested buyer. On the other hand, when the buyer is inequity-averse, inefficiency
decreases compared to the model in which the buyer is self-interested. Furthermore,
if the buyer is inequity-averse, and if the type set is homogeneous enough and/or
the marginal cost of production is high enough, then the optimal quality decreases
compared to the self-interested buyer case in the equilibrium. Because if the type set
is not that heterogeneous, then each buyer’s preferences become similar to each other
which makes it easier to sustain a fair equilibrium compared to equilibrium with selfish
buyers. Also, if the marginal cost of the product is high enough, then the optimal
quality decreases in the equilibrium because the higher marginal cost causes higher
expenses and higher expenses generate higher inequity among the buyers. Thus, if
the buyers are inequity averse and the marginal cost of the product is high enough,

then in the equilibrium, the optimal quality decreases. Apart from the above results



in the first part, we also show that if the buyer is a status-seeker (inequity-averse) and
if the type set is homogeneous enough and/or the cost of marginal product is high
enough, as the buyer becomes more status-seeker (inequity-averse), then the optimal
quality increases (decreases) more.

In the second part, we focus on the common agency framework similar to Mar-
timort and Stole (2009)’s model and we introduce other-regarding preferences into
the common agency framework. In particular, we show and find the optimal sym-
metric quality and nonlinear pricing schedule when the buyer has social preferences.
We mainly find that regardless of whether goods are complements or substitutes if
the buyer is a status-seeker (inequity-averse), inefficiency increases (decreases) more
compared to the conventional common agency model. That is to say, if the buyer
is a status-seeker (inequity-averse), the equilibrium quality distorts downward more
(less) compared to the classical common agency literature. Lastly, We also show if
the buyer’s type is sufficiently high, as the degree of being a status-seeker (inequity-
averse) increases, the optimal quality increases (decreases) regardless of whether the
goods are demand complements or substitutes.

The organization of the paper is as follows. The next section briefly explains
related literature. Section 1.3 introduces the model and considers monopoly under
other-regarding preferences. Section 1.4 extends the monopoly case and considers

common agency under other-regarding preferences. Section 1.5 concludes.



1.2 Literature Review

In this part, we briefly introduce the literature review on monopolistic screening,
common agency, and other-regarding preferences.

Mussa and Rosen (1978) study the monopoly pricing scheme of a monopolistic
firm in which it produces goods in a number of differentiated varieties with respect
to its quality level. In their seminal work, they find that only the highest type gets
the first-best (efficient) allocation. That is to say, no distortion exists at the top.
Similarly, they show that except for the highest type, all the other types get an
inefficient positive surplus. Indeed, the lowest type gets zero surplus. Different from
Mussa and Rosen (1978), Goldman et al. (1984) study nonlinear pricing in monopoly
via quantity discounting. Then, Maskin and Riley (1984) construct a new theoretical
model which studies price discrimination in monopoly via quantity discounting by
using the principal-agent framework. Maskin and Riley (1984) show that non-linear
pricing problems in the monopoly can be modeled and solved by using the principal-
agent framework.

Apart from the monopolistic screening, as far as we know, Bernheim and Whin-
ston (1985) and Bernheim and Whinston (1986) introduce the concept of common
agency in the literature first. According to Bernheim and Whinston (1986), dif-
ferent from the classical principal-agent framework, they introduce more than one
risk-natural firm (principals) in which firms independently and simultaneously try to
affect the decision of the common buyer (agent). They show that aggregate equi-
librium incentive schemes are efficient and the equilibrium action is implemented at
minimum cost. Moreover, Bernheim and Whinston (1986) show that when the prin-
cipals collude, they can induce first-best (efficient) allocation. Gal-Or (1991) shows
that if agents have private information regarding their costs, then forming a common
agency in an oligopoly can be disadvantageous for the firms. Different from previous
literature, Biglaiser and Mezzetti (1993) offers a model in which non-identical princi-

pals compete for an agent. According to Biglaiser and Mezzetti (1993) principals are



different in terms of their marginal and average valuations and compete by offering
menus of incentive contracts. Besides the common agency, Martimort (1996) studies
exclusive dealing. Martimort (1996) shows that manufacturers can benefit from an
exclusive retailer rather than a common retailer depending on the adverse selection
and complementarity or substitutability of the brands. Martimort and Stole (2009)
study how intrinsic and delegated common agency affect market participation. They
show that if contracting variables are substitutes, then intrinsic common agency equi-
librium outcome induces higher participation distortion than monopoly outcome, and
delegated common agency equilibrium outcome induces lower participation distortion
relative to monopoly. On the other hand, Martimort and Stole (2009) show that if
the contracting variables are complements, then both intrinsic and delegated common
agency equilibrium outcome induce higher participation than monopoly.

Up to now, we focus on the main prominent papers related to non-linear pricing
in monopoly, and common agency in general. Since our paper combines the screen-
ing framework with the other-regarding preferences, it is also important to mention
the papers which are related to theories of fairness and reciprocity. According to
Fehr and Schmidt (2003), we know that there are mainly two approaches to fairness
and reciprocity. The first one is the social preference approach i.e., agents or players
do not only consider their own well-being, payoffs (monetary or non-monetary), etc.
but also others’. The second approach is intention-based. First, we start with the
intention-based one. Rabin (1993) in his seminal paper he first starts with the obser-
vation that people’s behavior is generally shaped by the intentions of other people.
Rabin (1993) defines the fairness equilibrium and according to that if the payoffs are
small, fairness equilibrium is more or less the set of mutual-max and mutual-min
outcomes. On the other hand, if the payoffs are large, then the fairness equilibrium
becomes roughly the set of Nash equilibria. Different from Rabin (1993), Fehr and
Schmidt (1999)’s model is distributional. In their work, they construct a simple linear

model to define inequity-aversion®. That is to say, Fehr and Schmidt (1999) basically

3 Theoretical details can be found in the next chapter.



define the concept of fairness as self-centered inequity aversion. They find that pre-
vailing behavior in the equilibrium depends on the economic environment. Note that
according to Fehr and Schmidt (1999), being heterogeneous individuals is one of the
important assumptions that can play an important role. They point out that under
some conditions, for example, it might be possible that a purely selfish agent can
induce a fully selfish manner from inequity-averse people, or in public good games,
a self-interested agent can induce zero contribution from the inequity-averse agents.
On the other hand for example, under some conditions, even though there are few
inequity-averse agents in the environment, they can create some incentives for the
self-interested agents to contribute to the public good game. Apart from Fehr and
Schmidt (1999), Bolton and Ockenfels (2000) also study the inequity-aversion model
in their work. However, different from Fehr and Schmidt (1999), they use a closed
functional form in which the agent not only considers his own payoff but also others’
average payoff. That is why as Fehr and Schmidt (2003) also explain, even though
agents get the same qualitative results when there are two agents, the results might
give some interesting different outcomes when the total number of agents exceeds

two.

1.3 Other-Regarding Preferences in Monopolistic Screening

In this section, we consider a market in which a good is produced in a number of
differentiated varieties by a firm according to its quality level ¢ as in Mussa and
Rosen (1978). The quality ¢ is one-dimensional and depends on the consumer’s type
6. Type 6 can be seen as the desire or taste parameter for the product’s quality.
Thus, as the type increases, consumers’ demand for the quality increases.

The number of consumers is indefinite and let © = [6, f] denote the consumers’

taste type set with a cumulative distribution function F(6) and density function

f(0) >0on [0,6].

The seller (firm) offers a set of prices for each quality level and all customers have



the same price-quality scheme in the market. We aim to find the optimal selling
strategy for the seller (firm) under the existence of other-regarding preferences of the
buyer.

Before defining the payoff functions of both consumers and firm, it is better to
recall Fehr and Schmidt (1999) type of other-regarding or social preferences. Fehr

and Schmidt (1999) define other-regarding preferences as:

Ui(z;, ;) = v; — Amax{z; — x;,0} — pmax{x; — z,,0}

According to the model, agent i’s utility depends on not only his own payoff z;
but also his opponent’s payoft z;. Agent ¢ has mainly two possible sources that can
create a disutility due to the inequity-aversion. The first part can be induced from
the being behind of agent j i.e., A > 0, and the second source can be induced from the
being fair-minded, i.e., 4 > 0 and p € (0,1). Parameters A and p are social preference
parameters. In this model, A and p are called inequity-aversion parameters and it
is assumed that A > 0, x > 0 with p < XA and p € (0,1). Note that A > pu states
that agent ¢ suffers much from being behind than being ahead of agent j. Moreover,
p is assumed to be in € (0, 1), otherwise, if u were greater than 1, he would have a
negative payoff in the increase of x; which is not rational.

In the model, there is also room for a negative parameter p < 0 as Itoh (2004)
mentions. If p is negative then it is called agent i status-seeker (competitive). It
means that agent ¢ enjoys being ahead of agent j. Lastly, note that if agents are
self-interested i.e if they only do care about their payoff, then basically in the model
both parameters become 0, that is to say, A =y = 0.

Note that Fehr and Schmidt (1999) offer a simple analytical functional form to
introduce social preferences. Thus, we impose this functional form into our model
and try to solve the monopolistic screening problem. As we show below, due to the
introduction of the other-regarding preferences, it becomes challenging to characterize

the incentive compatibility constraints. In this regard, we develop a solution strategy



for this problem.
Payoff Functions:
By using Fehr and Schmidt (1999)’s functional form, we define the payoff function

for the buyer or customer of type 6 as :

U(q,0) = v(q(0) — Amax{q®9(0) — ¢(0),0} — pmax{q(d) — ¢**9(),0},0) — P(q(h))

We can restate the above payoff function as:

(

v(g = Aq* —q),0) — P(q(0)) ifq* >q

Ug.0) =  vlq — (g — ¢*9),0) — P(g(0)) if ¢™9 <¢q

(V@ +pslg—q™),0) = P(a(9)) i q™ < q

where \ and pp represent inequity-aversion parameters and pg represents status-
seeker parameter respectively. To make the distinctions on parameters clearly, A
denotes the inequity aversion parameter. According to the first line of the given
above piece-wise function, the buyer dislikes being behind the average quality level.
Similarly, in the second line, up denotes the inequity-aversion parameter but in the
second line, this inequity aversion occurs from the fact that the buyer is fair-minded.
In the last part, us shows the status-seeker parameter in which the buyer enjoys being
ahead of the others. For him, consuming higher quality than average quality level is
more important.

Note that the other-regarding buyer considers not only his quality (or quantity)
level but also the difference between his quality and average quality*. Also, function
v is basically the utility function of a consumer of type 6 and it depends on both
buyer’s level of quality and the quality difference between his and average quality.
We give more specifications of v below.

In our model, ¢*¥9 denotes the average quality level that the buyer focuses on as

4 One may also assign another reference value of quality for making the comparison.
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a reference point for himself to make a comparison between his own quality level and
the others’. This reference or cut-off value of quality affects the customer’s choice of
quality decision and thus his utility level. That is why defining the reference point is
significant.

q®9 can be defined on:

¢ ACh, 0] — R, U{0}

Set A can be any subset of [#, 6] because any buyer can take any subset of the generic
type set to make a comparison with his own type. Since there is an indefinite number
of different types of buyers, that reference point can change according to the type
of buyer. In that sense, we should impose an assumption or a restriction on ¢**9 to
make the problem sensible and solvable for the seller.

Seller’s payoff function:

I(q,0) = P(q(0)) — cq(0)

Note that the seller does not know the exact type of 6§ but he only observes the
distribution of types. It is obvious that as the seller does not observe type 6, it
becomes impossible for the seller to know which subset A is considered by the buyer.

As there are infinitely many possible different subsets of [#, 0], we make an as-
sumption in which the buyer only considers and compares his type with the lower
ones. That is to say, we assume that the average quality ¢®*? is taken over the types
that are lower than the buyer’s own type. Note that this assumption allows us to an-
alyze the effects of both status-seeker and inequity-averse buyers on the monopolistic
screening model. In this sense, the payoff function of the buyer under our assumption

will be as follows:

11



0.5 v(qg — pp(q—q™9),0) — P(q(f)) if the buyer is inequity-averse
U(q,0) =

v(q + ps(q —q¢*9),0) — P(q(6)) if the buyer is status-seeker

Now, we make some extra assumptions on the utility function v of the buyer.
Assumptions: For the regularity, we make the following assumptions on the

utility function v:
1. v(q,0) is strictly quasi-concave in ¢
2. v(q,0) is continuous in 6
3. v(q,0) is increasing in 6 i.e, vy(q,0) > 0
4. ve(q,0) >0

By considering above assumptions, as in Martimort and Stole (2020) we take the

utility function as:

v(q,0) =0q — %CF

where v > 0 and it is the slope of the utility function. Note that function v can be
generalized to a closed functional form satisfying the above assumptions. Also from
now on, we assume that types are distributed uniformly over [6, 6], costs are linear in
q that is to say C(q) = cq. Also, similar to Martimort and Stole (2020), we assume
that it is inefficient to serve all types i.e. § < ¢ < 6.

Note that assumption 3 means that higher types get higher utility. Assumption
4 mainly states the Spence-Mirrless property or single-crossing condition®. This as-
sumption is crucial as it offers a simpler and more tractable environment. Because

with this property, it becomes sufficient to consider local incentive compatibility con-

straints but not global ones.

5 See Laffont and Martimort (2009) for more on this.

12



Now, we begin to analyze by considering the firm’s program. The firm’s problem
is to choose the price schedule P(q(f)) that maximizes the expected profit. The firm’s

problem can be stated as follows:

p

masx [ P(al6) = Clat0))] aF (0 (1.1)

subject to

q(f) € arg max v(q(0) — Amax{q*?(0) — q(6),0} — pmax{q(d) — ¢***(9),0},6) — P(q(¥))
(1.2)

and

v(q(8) — Amax{q*?() — q(#),0} — pmax{q(d) — ¢**(6),0},6) — P(q(6)) > 0 (1.3)

Equations (1.2) and (1.3) denote incentive compatibility and individual rationality
(or participation) constraints, respectively.

Benchmark: Self-Interested Buyer

Note that if buyers were perfectly self-interested, in other words, if A = uy =
pup = 0, we would have the classical Mussa and Rosen (1978) model with quadratic-
preferences with uniformly distributed types.

Then the buyer’s utility function simply becomes v(q(6),#). The firm’s prob-
lem remains the same as in (1.1), but the incentive compatibility and participation

constraints would become:

q(8) € argmax v(q(0),6) — P(q(9)) (1.4)

q

and

13



v(4(0),0) — P(¢(6)) > 0 (15)

Then, it is easy to show that the virtual surplus function becomes®:
1—F(0)

I'(q,0) = v(q(0),0) — C(q(6)) 0

ve(q,0) (1.6)

Assumption: Virtual surplus function is strictly quasi-concave in ¢ and super-

7

modular in (g,0)". Under this assumption, point-wise maximization gives us the

following:

1— F()
f(6)

Note that equation (1.7) yields very well-known results of Mussa and Rosen (1978).

vq(9,0) — voq(q,0) = ¢ (1.7)

If buyers are fully self-interested, and if it is efficient to serve all types, then it is
easy to see that only the highest type gets the first-best (efficient) allocation i.e.,
no distortion at the top. Moreover, all the types except for the highest type one
receive inefficient allocation i.e., downward distortion appears. Furthermore, the firm
captures the whole surplus for the lowest type and except for the lowest type gets
the inefficient positive surplus due to informational rent which increases with lower

types.

In our specification, equation (1.7) implies:

20 — 0 — ¢

q(0) = max{0, #} _ 40) - (6 —0)

Cc

(1.8)

where ¢J’(6) is the first-best optimal quality level when the buyer is self-interested.
0 — 0}8.

We can also find the marginal consumer’s type by solving ¢*(6,,) = 0. Here, it is

Also, note that it is easy to verify: ng(Q) = max{0,

6 See Appendix for the derivation and details.
7 This assumption holds under quadratic preferences with uniformly distributed types.
8 Derivation of the first-best quality level can be found in the appendix.
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0+ c . : -
easy to see that 0, = max{#0, T} For the optimal non-linear pricing schedule:

P*(q):/qut(t,ﬁ)dt:/Oq(ﬁ—vt)dt:/oq(w%m—yt)dt

This implies:

P'(q) = 50+~ 50)

Note that results are also completely the same with Martimort and Stole (2020) when

the preferences are quadratic and buyers are self-interested.

1.3.1 Solution Strategy for the Other-Regarding Buyer:

Note that as we deal with quadratic preferences with uniformly distributed types,
we know that, at the equilibrium, the optimal quality level becomes linear in ¢
ex-post that is to say we must have ¢(f) = af + § with a > 0. As an example,
we show that if buyers were perfectly self-interested, with quadratic preferences and

uniformly distributed types, the optimal quality would be:

2 0
where « = — and = — +C.

In our case, the main problematic part is related to dealing with incentive com-
patibility constraint. In (1.2), obviously one can not find the set of maximizer easily
due to the endogeneity of ¢(#). That is why our solution method uses the guess and
verify method. We know that the ex-post equilibrium candidate is ¢(f) = af + 3
with a > 0 so that we can accordingly define ¢**9(6) and eventually, we can find the
a and [ values at the equilibrium.

Status-Seeker Buyer:

In this case, the buyer has the utility in the form of v(q + ps(¢ — ¢**9),0) and we

9 Note that we assume 6 > 6,,.

15



can define the average quality level by considering the intermediate value theorem as:

a 1 0 «

q—p

«

As q(0) = af + B, we have 6 =

Therefore, we can restate ¢**9(f) as:

0 0
¢*"9(0) = q(9) +2/3 +ap (1.10)
Thus, the objective function becomes:
av q—pB—ab
v(q+us(q—q 9),9) :v<q~|—us(T),9) (1.11)

Note that our objective function does not harm any assumption stated above.
Therefore, the virtual surplus function is still strictly quasi-concave in ¢ and super-
modular in (g, 0).

Therefore, the point-wise maximization problem becomes:

0 1= F () B
5 [p0@.0) = (552 )t 0) — cat)| =0 (112)

where h(q) = ¢+ ps(qg—q™7). Using both (1.10), (1.11) and (1.12), we find the quality

level as:

2((29 )+ 2ps(B+ ) - 2c >

_ 2+ ps
0= 72+ ps)

(1.13)

Since the ex-post equilibrium in the equilibrium is ¢(f) = af + 3, we must have

the following:

_ ¥ 20
2((20-8)+ Ju(5+0t) - 52 )
V(2 + ps)

af 4+ 0 = (1.14)

After some algebra, we find:
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e R (1.15)

and

_ _<2 + ﬂs)e —2c+ 2#3@

B = (1.16
V(2 + ps) )

Therefore, the optimal quality level in the equilibrium becomes:

40 — (2 4 )0 — 2¢ + 21,0
4" (0) :max{(), (2 ps)8 = 2+ “—} (1.17)
V(2 + )
o : . 20 — 0 — ¢ . .
Here it is easy to verify that if us = 0, ¢ = ———— which gives the self-
Y

interested case result. Note that if the buyer’s type is lower than the marginal buyer’s
type then the optimal quality level becomes zero as this buyer is not served. To be

able to find the marginal buyer’s type we must have ¢*(6,,) = 0. From there, the
(2 + Ns)e_ — QlusQ + 2c

marginal status-seeker buyer’s (consumer) type becomes 6,, =

4
Note also that equation (1.17) can be rewritten as '°:
¢ =qp0) — — 1.18
MO T e e

20 0 —2
It is easy to show that ¢},(0) = A
V(2 + )

mal quality into three different part as shown in (1.18). In the self-interested buyer

and we decompose the opti-

model, we have two different components: the first-best optimal allocation and the
information rent. In our model, the sum of the second and third components of (1.18)
also gives the total information rent. However, as one of our main aims is to show

the direct effect of the status-seeker buyer on the information rent, we form such a

(0—0)
v
the buyer is self-interested. Now, we define the last component of (1.18) as “status

decomposition. Notice that the second term is the information rent when

10 We only focus on the served types i.e. 8 > 0,,.
11 Gee appendix for the derivation of the first-best allocation of the status-seeker buyer.
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rent”.

Status Rent = ————=
(2 + ps)

(1.19)

Status rent plays an important role because it offers new insights about distortion
in general. In the self-interested buyer case, for example, the highest type gets the
efficient allocation (first-best). However, now the highest type can not get the most
efficient (first-best) allocation due to status-seeking activities. Hence, unlike the self-
interested buyer case, inefficiency increases for the higher types, and distortion arises
even for the highest type in the equilibrium. Note also that inefficiency becomes
higher compared to the conventional self-interested model because the status-seeker
buyer has more incentive to mimic the higher types. That is why information rent
increases and becomes higher compared to the classical monopolistic screening.

Inequity Averse Buyer:

The buyer’s utility function is in the form of

v(q(0) — s (q(0) — ¢*9(0)),0)

where pup € (0,1).

By applying a similar procedure as in the status-seeker buyer case, we get:

02— pp) — yn(2 — pp) (B + ab) — 2(2 — pp)d — 4c

4
w0y =05 = 7@ — ip)?

206 — (2 — )i — 2

C. Therefore,
V(2 — pB)

and =

Then, it is easy to find a =
Y(2 = pn)
in the end, we have:

40 — (2 — pp)d — 2up — 20}

2@ pip) (1.20)

¢*(0) = max {o,

Similar to the status-seeker case, we find the marginal consumer’s type and we

must have ¢*(0,,) = 0. Thus, the type for the marginal inequity-averse consumer
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(2 — pp)0 + 2pp0 + 2c
1 )
Note that the above optimal quality can be decomposed as

becomes 0,, =

66 us(6—0)
Y Y(2 — pB)

(1.21)

26’—,&3@—26 12

V(2 — ps)
decompose the optimal quality level into 3 components. Different from the status-

Note that g3, = and similar to the status-seeker buyer case, we
seeker buyer case here we call the last component “aversion rent”. In our model,
aversion rent reduces the effects of information rent. This occurs because the inequity-
averse buyer does not have much incentive to mimic the higher types compared to
the status-seeker case. Another important implication of (1.21) is that because of
decreasing information rent, the highest type can actually exceed the first-best al-
location. However, apart from decreasing information rent, there is also one other
technical explanation for this result. This result occurs because of the way that we
introduce the externality into the model. For instance, if we assumed that the other-
regarding preference part is additively separable, we would have that the highest
type would have the first-best allocation. Note that this argument is also valid for
the status-seeker buyer but contrary to the inequity-averse buyer, the highest type
status-seeker buyer does not have the efficient allocation because of the increased
information rent. Note also that different from monopolistic screening, we assume an
additive separable other-regarding preference structure in the common agency part

to simplify the analysis.

ps(0 —0)

Aversion Rent = —
Y (2 - MB)

(1.22)

Corollaries:

1. When the buyer is a status-seeker (inequity-averse), inefficiency becomes higher

(lower) than the case for the self-interested buyer because of the status rents

12 See appendix for the derivation of the first-best allocation of the inequity-averse buyer.
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(aversion rents).

2. In the equilibrium, the optimal quality level for the status-seeker (inequity-
averse) buyer is higher (lower) than the optimal quality for the self-interested

buyer if 0 — 0 < g

3. In the equilibrium, as the buyer becomes more status-seeker (inequity-averse),

c
the optimal quality level increases (decreases) if 0 — 6 < 3

Due to the fact that being a status-seeker buyer brings the extra amount of infor-
mation rent called status rent compared to the self-interested buyer, this induces a
higher inefficiency in the equilibrium compared to a self-interested buyer. This occurs
because being a status-seeker increases the mimicking activities which can cause to

increase in market inefficiency. Analytically, it is easy to show that

OSR _ 200-0) _
Ops Y2+ ps)? —

That is why as the buyer becomes more status-seeker, inefficiency increases. On the
other hand, the reverse is also true if the buyer is inequity-averse. Being inequity-
averse decreases mimicking activities in that sense information rent decreases com-
pared to self-interested buyer case. Also, note that

0AR 2(60 —0)

— = >
ops  v(2—pB)?* —

For the second part, it is easy to compare optimal qualities for both self-interested
and status-seeker buyers and optimal qualities for both self-interested and inequity-

averse buyers:

29—§—c< . 40— (24 py)f — 2c+2u0
:——qS:
v V(2 4+ ps)

*

q

Note that ¢*, ¢}, and ¢ denote the optimal level of qualities when the buyer is self-

regarding, status-seeker, and inequity-averse respectively. Clearly above inequality is
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satisfied if 6 — 0 <

N o

Similarly,

40 — (2 — ) ¢ —
gz 0—(2—pup)d —2c—2ugl 9 _p>
Y Y(2 — )

N O

or

For the last part, as we take the partial derivative with respect to the status-seeker

parameter p :

dq  —2(20—20 — ¢) c
= = >0 <= 20—-0)<c= 0-0<—
Ops Y2+ pe)? T -8 <c ST 2
Similarly,
dq c
aus<0<:>9—Q>§

For the inequity-averse buyer, it is also easy to show that

In the second and third parts of the corollaries, type heterogeneity and (or) the
marginal cost of the product play an important role. If the types are not that dif-
ferent from the lowest one, i.e. if the types are not that heterogeneous, and (or)
the marginal cost of the product is high enough, then for the status-seeker buyer,
the optimal quality becomes higher compared to self-interested one and as the buyer
becomes more status-seeker, the optimal quality increases. This occurs because as
the type is homogeneous enough, then the status-seeker buyer considers other types
as competitive rivals. Or similarly, even though the type set is so heterogeneous, if
the marginal cost of the product is high enough, then the status-seeker buyer wants

to buy the higher qualified product than the others because the status-seeker buyer
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buying many expensive products increases his status in society. So for the status-
seeker buyer, if the type set is homogeneous enough and (or) the marginal cost of the
product is high enough then it matters to become ahead of the others. On the other
hand, if the types are so different from the lowest one and (or) the marginal cost of the
product is low enough, then for the status-seeker buyer, the optimal quality becomes
lower than the case for the self-interested buyer, and as the buyer becomes more
status-seeker the optimal quality decreases. We believe that this occurs because if
the status-seeker buyer thinks that the other types are not close enough compared to
his type, then the status-seeker buyer does not consider those lower types as competi-
tive rivals. Similarly, if the marginal cost of the good is low enough, the status-seeker
buyer thinks that purchasing the good does not provide him enough status in society.

Note that similar arguments can also be made for the inequity-averse buyer. If
the type set is homogeneous enough and (or) the marginal cost of the product is
low enough, then as the inequity-aversion parameter increases the optimal quality
decreases. This intuitively makes sense because if the type set is homogeneous enough,
that is to say, the difference between the type of the inequity-averse buyer and the
lowest type is low enough, then the fair-minded buyer thinks that because the type
set is not so different, it becomes easy for him to have or sustain a fair equilibrium.
That is why the optimal equilibrium is lower than the self-interested one. Thus, as the
inequity-aversion parameter increases, the optimal quality increases as well. Similarly,
suppose the marginal cost of the product is high enough. In that case, the optimal
quality decreases in the equilibrium because the higher marginal cost causes higher
expenses and higher expenses generate higher inequity among the buyers. Hence, if
the buyers are inequity averse and the marginal cost of the product is high enough,

then in the equilibrium, the optimal quality decreases.
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Example 1:

Figure 1.1: Optimal Quality vs Type 6 vs us (v =1,0 € [10,18],c = 12))

]_1 I I I I

— =2

— =1
ps =0

N |—pup =04 ]

T

10

03 | 14 | 15 | 16 | 17 | 18

Type 6

In this example, we see five different quality demand functions two of them are
quality demands of status-seeker buyers, two of them are for inequity-averse and one
of them is for the self-interested buyer. First, note that the lowest type in the type
set is 10, and the highest type is 18. It is clear from the graph that in all cases,
any buyer with a type strictly lower than 14 is not served. As we show in the above
corollaries, the most significant part is related to the homogeneity of the type set and
the magnitude of marginal cost. In that sense, it can be seen from the graph that 16
is a critical type value here as § — 6 < g — #—-10<6 = 0 < 16. For the other-
regarding buyer, we see that for any type less than 16, as the status-seeker (inequity-
averse) parameter increases, the optimal quality increases (decreases). On the other

hand, if the type is greater than 16, we see that as the status-seeker (inequity-averse)
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parameter increases the optimal quality decreases (increases).

1.4 Extension: Common Agency under Other-Regarding Preferences

In this part, we extend the above monopoly part and increase the competition by
introducing two sellers (two principals). In this setup, sellers sell non-homogeneous
goods to the same buyer and sellers use their non-linear pricing schedules as a price
discrimination strategy. Thus, this problem can be seen as a common agency prob-
lem with adverse selection. In the common agency literature, we observe intrinsic,
delegated, and non-intrinsic common agency game structures. Note that we can use
the terms agent and buyer interchangeably throughout our analysis.

In the intrinsic common agency game, the agent (buyer) must either accept both
contracts offered by all principals or he must stay out of the market and takes his
outside option (Stole (1991)). That is to say, in an intrinsic common agency, there is
no room for any exclusive contracts for the agent (buyer). However, in the delegated
common agency games, we allow for exclusive contracts. In this setup, the common
agency is not intrinsic to the agent, on the other hand, it is delegated to the agent
and the agent may have the option of buying only one principal. More precisely,
under delegated common agency, different from the intrinsic common agency, the
agent (buyer) has extra accepting options in which he can choose a proper subset
of the sellers’ contract offers (Martimort and Stole (2009)). In the non-intrinsic
common agency, introduced by Calzolari and Scarpa (1999), the agent (buyer) has
no restriction in choosing the number of sellers that he wants to work with and no
principal (seller) can condition the contract on the agent (buyer).

In an intrinsic common agency game, the buyer must either accept both contracts
or he must stay out of the market. That is to say, an intrinsic common agency
does not offer exclusive contracts for the buyer. However, in our setup, we allow for
exclusive contracts and the buyer has the option to choose exclusive contracts i.e.

he can buy from only one seller. We consider non-intrinsic common agency under
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the existence of other-regarding preferences. There are two sellers (principals) and
each simultaneously offers price schedule P(g;) over a compact set of possible quality
(quantity) to a buyer who has private information about his taste preference. More
specifically, seller ¢ offers to sell any ¢; for a price of P;(¢;). After the buyer observes
the price, he decides whether to buy or not (equivalently participates or accepts the

contract or not).

1.4.1 Benchmark: Self-Interested Case: Interior Solution

We begin to analyze self-interested buyer that is to say buyer does not have any
type of other-regarding preference. We assume that types are distributed over [6, 0]
according to F'(6) with the density function of f(6).

Payoff Functions: Buyer of type 6 has the payoff function :

U(g,0) =v(q1(0),42(0),0) — Pi(q:(0)) — P2(g2(0))

and Seller i’s payoff function:

11(g;(0),0) = P(¢:(0)) — cq;(0)

For the sake of simplicity, similar to Calzolari and Denicolo (2013), we assume
that the market is not covered in the non-linear pricing equilibrium and ¢/°(8) = 0
and ¢’°(0) > 0 for any @ > 0. Note that ¢/°(#) is the quality level under the full-
information or first-best allocation. Moreover, if there exists any 6 € [#, §] such that

q’*(0) = 0, then, one can select the maximum of § as § and re-scale the distribution.

Assumptions:

1. v(gi,q;,0) is thrice differentiable, increasing in ¢;, and strictly quasi-concave in

(%’7 Qj)

2. v(g;,qj,0) is continuous and increasing in ¢
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3. (g, q8) >0
4. Vg,q,(qi,q;5,0) has a constant sign
5. Each price schedule is nondecreasing in ¢;, and P;(¢;) = 0 if ¢;(6) =0

6. P; is upper semicontinuous in g;

First, consider the firm i’s (seller i, or principal i) program. The firm i’s problem
is to choose the price schedule P;(g;(#)) to maximize the expected profit. The firm

i’s problem can be stated as:

max /6 [Pi(¢:(8)) — c(qi(9))] dF(6) (1.23)

pi

subject to
(4:(0),4;(0)) € arg max v(qi(0),4;(0),0) — Pi(qi(0)) — P;(q;(0)) (1.24)
and
v(qi(0), 4;(0),0) — Piqi(0)) — P;(g;(0)) = max{0,U(0, 4;(0,0),0)} (1.25)

Clearly, equations (1.24) and (1.25) denote incentive compatibility and partici-
pation constraints respectively. Note that the participation constraint here is type-

dependent'?.

Virtual surplus function becomes:

1— F(6)

F(Qia 9) = @(Qz<9)7 9) - C(QZ(Q)) - f(Q)

Vo (qs,0) (1.26)

where

0(qi,0) = v(ai, 4} (4:,0),0)) — P;(q;(g:,0))

13 See Jullien (2000) for the type-dependent participation constraints.
14 See Appendix for the derivation and details.
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and

q; € argmax v(q;, ¢;,0) — P;(q;)
q;

Note that if virtual surplus function is strictly quasi-concave in ¢; and super-modular

in (g, 0), point-wise maximization gives:

1— F(8)
f(0)

Or by using envelope theorem and definition of 0, equation (1.27) can also be

bqi(4i,0) — Dog; (i, 0) = ¢ (1.27)

written as:

o 4y J0\@) 0B 0q
T 0g 9q; Og; f(0)

_1-F) { aq;] (1.28)

Vg, T Vo, 4
7

9q; (q:)
9q;

0(g;,0) in (g;,0) which is a necessary condition for the regularity.

Here we assume that 1 + > 0 to have a strictly increasing differences of
In the next part, we characterize the equilibrium output and optimal pricing sched-
ule under quadratic preference and uniformly distributed types similar to Martimort

and Stole (2009).

1.4.2 Quadratic Preferences with Uniformly Distributed Types :

In this part, we consider other-regarding buyers and assume that types are distributed
uniformly. We focus on symmetric, quadratic utility function to characterize equilib-
rium quality (quantity). Suppose that utility of the agent consuming ¢; and ¢; with

the corresponding prices P; and P; from the sellers ¢ and j :

v(gi, q5,0) = u(gi, g5, 0) + Z 150 [a:(0) — ¢ (0)]

te{i.j}

where

q*(0) - [6,0] — R U{0}
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and g} > 0 shows the status-seeker parameter for each product and we define the

utility function as in Martimort and Stole (2009):

a—+0 I}

)= — (PP — — g
(ql + q]) 2(/82 . ,}/2) (qz + QJ) /82 o ’}/quq]

@
|
)

It is equivalent that the agent has a symmetric demand function and is linear in the
prices. More precisely:

¢ =a+0—[P+P;

where > 0 and type 6 are the intercept terms for the demand function. We
assume that § > |y| # 0. We call that goods are demand substitutes and complement
if v € (0,5) and v € (—f3,0) respectively. Here we also follow Martimort and Stole
(2009)’s notation and let 7 = % where 7 € (—1,1). Then, we call that goods are
demand substitutes if 7 > 0 and goods are demand complements if 7 < 0. Lastly, we
assume that costs are linear in ¢ i.e. C(q) = cq.

Unlike the monopoly part, we assume that the other-regarding preference part
is assumed to be additively separable to have an explicit and tractable environment.
This structure also creates a smooth way to see the outcomes for the status-seeker and

inequity-averse buyer. Now, according to the assumption we have a utility function

for the status-seeker buyer:

v=h(g + pila — ¢, ¢ + (g — ¢) = ulai q;,0) + Y pbf[a(6) — ¢ ()]

te{i,j}

Different from the status-seeker buyer, we can define the utility function of inequity

averse as

(g, 4, 0) = ulgi, ;. 0) — Y NO[q(0) — ¢ ()]

te{i,j}
with A € (0,1).

Now we turn back to delegated common agency problem under this setup. Note
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that sellers’ optimal price schedules are assumed to be quadratic i.e. P(q) = a1q +
%q? Then by using (1.28), we have the following proposition:
Proposition 1: There exists an equilibrium with quadratic price schedules where

the symmetric equilibrium allocation of output for a status-seeker buyer:

(a4 20— 0)(1+ )1+ (B +7) — (B +ar(F — 1)
1+(12ﬁ

@)t 0) + e+ 2y + /T 8P )

a1’ = and ay = —

38+ /B + 872 36+ /B2 + 872

and the symmetric optimal equilibrium allocation of output for an inequity-averse

buyer:
ary + (20 — 0)(1 — 3)(1 — 2y + az) — c(1 — v + a2)
(I=7)(1+a)—~v

g:."(0) =

where

. 2=N(a+0)+c(B+27++/B2+82) 2

a; = and as = —
1 36 + /B2 + 87 RV

Above proposition, indexes s and ¢ denote both status-seeker and inequity-averse

labels. Note that according to proposition 1, it is obvious to show that equilibrium
pricing schedules for status-seeker buyers and inequity-averse buyers become: P =
a®q + %(f and Pf = a;'q + %qz respectively.

Different from Martimort and Stole (2009), Proposition 1 implies important out-
comes about the efficiency of the allocations. After some algebra, we can show that

q: can be rewritten as:

=’ (1+5 (1.29)

_ 4f>/
2)(6_6) [1_5_,_ /B2 + 872

which is also equivalent
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_ 4T
=gl — 1+& 6—0 [1——] 1.30
i == (1+5) 0-0) |1 - — (130

Similarly optimal quality level for the inequity-averse agent:

i=d = (1-5)6-0 [1- Ty (131

Note that ¢/* and qz-f ® denote the first-best efficient allocation for status-seeker and
inequity-averse agent respectively and ¢/* = (a + 0)(1 + &) — (B —=")cand ¢/* =

2
(@ +0)(1—2)— (8= )et®

Corollary: 2 As a consequence of Proposition 1, we have the following results:

e Regardless of whether the buyer is a status-seeker, inequity-averse, or self-
regarding, similar to Martimort and Stole (2009), efficiency is achieved when
the goods are perfect substitutes. Moreover, compared to the demand substitutes,
the equilibrium quality distorts downward more when the goods are demand com-

plements.

e Regardless of the buyer’s preference type, only the highest type gets the efficient
allocation. If the agent is a status-seeker(inequity-averse), inefficiency increases

(decreases) more compared to the self-regarding common agency model.

o [f the buyer’s type is sufficiently high, as the degree of being a status-seeker
(inequity-averse) increases, the optimal quality increases (decreases) regardless

of whether the goods are complements or substitutes.

By (1.30) and (1.31), it is straightforward to see that the above corollary holds. If
the buyer is self-regarding, i.e., us; = 0, we know that efficient allocation is achieved
when the goods are perfect substitutes (7 = 1). We also know that only the highest
type gets the first-best allocation (no distortion at the top), and the equilibrium qual-

ities are distorted downwards. It is still true that efficiency is achieved when the goods

5Note that ¢/t satisfies arg max, ug, (¢/°, ¢/%,0) — Cl(qu) =0
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are perfect substitutes, regardless the buyer is a status-seeker or inequity-averse. Dif-
ferent from conventional common agency literature, however, regardless of whether
goods are complements or substitutes, if the buyer is a status-seeker (inequity-averse),
we see that the equilibrium quality distorts downward more (less) compared to the
classical common agency literature. Lastly, under some conditions, if the buyer be-
comes more status-seeker (inequity-averse), we see that the optimal quality increases

(decreases) more. It is true because by using (1.30) and (1.31) we have:

8q§_a+9_9—9{1_ 47
Ops 2 2 1+ 1+ 872
At oq: A — «
Let A= |1——+——| >0. Thus, — >0 <— 0 > . Thus, if the
1+\/1+872} - Ot 1+ A

buyer’s type is sufficiently high, then as the degree of being status-seeker increases,
the optimal quality increases. A similar argument can also be easily done for the

inequity-averse buyer.

Example 2: In this example, we try to show how the optimal quality change with
different levels of other-regarding preferences. We also show how these equilibrium
levels change when the goods are complements or substitutes. We assume 6 = 20,
B —~ =1, c = 4 for simplicity and show how the optimal quality changes when the
buyer becomes more status-seeker or inequity-averse.

Numerical examples are shown in Figures 1.2 and 1.3. We compare status-seeker,
inequity-averse, and self-regarding buyers. In this case, we take v = 1 for the sub-

1 1
stitutability of the goods. Note that 7 = Tz > 0. We also take v = —1 for

2
the demand complements. First, it is obviois that regardless of whether the buyer
is a status-seeker or self-interested when the goods are substitutes, the optimal qual-
ity becomes higher when the goods are demand substitutes rather than goods are
complements. Secondly, it is easy to see that only the highest type gets the efficient

allocation regardless of whether the agent is a status-seeker, inequity-averse, or self-

regarding, or whether the goods are complements or substitutes. Lastly, we can also
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verify that the optimal quality increases when the buyers become more status-seekers

in the equilibrium regardless goods are complements or substitutes.

Figure 1.2: Optimal Quality when the Agent is Status-Seeker
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In Figure 3, we see how the equilibrium of quality varies when the agent is inequity-
averse. The most important difference between Figure 1.2 and Figure 1.3 is related
to the degree of inefficiency. In Figure 1.2, it is easy to show that as the degree
of being status-seeker increases, inefficiency increases regardless of whether goods
are substitutes or complements. In Figure 1.3, however, with the introduction of
the inequity-averse parameter, inefficiency decreases compared to both status-seecker
and self-regarding agents. That can be easily seen by comparing the differences be-
tween the first-best efficient allocation and the actual equilibrium allocation when
the goods are substitutes or complements. That is to say one can easily check

0ss”" — ¢, s’ — @&, 4’ — ¢, qi.’’ — ¢¢. and. Lastly, we can observe that as
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the degree of being inequity-averse increases, the optimal equilibrium level of qual-
ity decreases. Here g,,’" denotes the first-best level of quality when the agent is = €
{status-seeker (s), inequity-averse (i)} and goods are y € {substitutes (s), complements (c)}.
Similarly, ¢¥ denotes the optimal quality level of the goods when the agent is x €

{status-seeker (s), inequity-averse (i)} and goods are y € {substitutes (s), complements (c)}.

Figure 1.3: Optimal Quality under Inequity aversion
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1.5 Conclusion

This study mainly focuses on new theoretical insights about non-linear pricing in both
monopoly and common agency by merging the classical principal-agent framework
with the Fehr and Schmidt (1999) type of other-regarding preferences. We charac-
terize both status-seeker and inequity-averse buyers in both monopoly and common

agency and we find the optimal equilibrium quality and pricing schedule.
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In the monopolistic screening part, we show that if the buyer is a status-seeker
(inequity-averse), the optimal quality and market inefficiency become higher (lower)
relative to the self-interested buyer in the equilibrium if the type set is sufficiently
homogeneous and/or the marginal cost of production is high enough. Similarly, as
the buyer becomes more status-seeker (inequity-averse), the optimal quality and in-
efficiency increase (decrease) more.

In the second part, we extend non-linear pricing in monopoly to the common
agency case. In that sense, we introduce the Fehr and Schmidt (1999) type of other-
regarding preferences to the common agency framework. In particular, we find and
show the optimal symmetric quality and pricing schedule in the equilibrium when the
buyer has other-regarding preferences. We mainly show that regardless of whether
goods are complements or substitutes if the buyer is a status-seeker (inequity-averse),
inefficiency increases (decreases) more compared to the conventional common agency
model. In other words, being a status-seeker (inequity-averse) causes the equilibrium
quality to distort downwards more (less) compared to the classical common agency
literature. Moreover, we show that if the buyer’s type is sufficiently high, as the de-
gree of being a status-seeker (inequity-averse) increases, the optimal quality increases
(decreases) regardless of whether the goods are demand complements or substitutes

in the equilibrium.
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1.6 Appendix

Benchmark: Self-Interested Buyer
Consumer’s utility function becomes v(q(#),6) and Firm’s problem remains the

same as in (1.1), however, incentive compatibility and participation constraints would

become:
q(0) € arg;nax v(q(8),0) — P(q(9)) (1.32)
and
v(4(0),6) — P(q(0)) = 0 (1.33)
B 1— F(0)
['(q,0) = v(q(0),0) — C(q(0)) — Wﬂe(% 0) (1.34)
If we use the change of variables as:
U(0) = v(q(0),0) — p(q(0)) (1.35)
we can restate the firm’s program as:
0
mgX/@ {v(q(0)) — Cla(8)) — U(O)} dF(0) (1.36)
subject to
q(0) € argmaxU(0) (1.37)
U(0) > 0 and ¢(0) is non-decreasing (1.38)

Note that as the single-crossing condition holds, we can restate the firm’s program

as (1.36) subject to (1.37) and (1.38). Clearly, if the Incentive compatibility constraint
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holds, by using (1.35) we get:

dv(q(#),0)  Op(q(9))
dq dq

=0 (1.39)

Now by using the envelope theorem, we can show the following:

Lemma 1:

Up(0) = vp(q,0) (1.40)

Proof of Lemma 1:

ou(0) _ dv(q(#),0) 0q  9dv(q(8),0) 0P dq

0 oq 00 00 9q 90

which implies:

ou(8)  dq [01}((],9) ap] ov(q, 0)

00 — 00 00

However, we know that if incentive compatibility conditions hold, the inside of
the parenthesis of the above equation becomes zero which completes the proof and
gives (1.40).

Now, by using (1.40), we have!S:

6
U®) —U(0) = /9 vo(q,0)d0 (1.41)

Clearly, individual rationality constraint binds for the lowest type, thus U(8) = 0

So, if we rewrite the firm’s problem:

0 0
mo [ |o(a(0).0) = Clat6) - [ wy(0.0008) ar o) (142
q 0 0

subject to ¢(f) is non-decreasing,.

Note that by changing of orders of the integrals, we can also rewrite equation

(1.42) as:

16 Actually it is consequence of envelope theorem as Milgrom and Segal (2002) show
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0 1— F()
m [ |ota(0).0) - @) - 5 o} are) )
Then virtual surplus function becomes:
1—F(0)

(g, 0) = v(q(0),0) — C(q(0)) — ve(q,0) (1.44)

f(0)

Derivation of the first-best quality:
The first-best (efficient) quality occurs under the full information. That means,
there exists no information rent that creates inefficiency in the first-best equilibrium.

In that sense, if the buyer is self-interested, under full information we must have:

v4(q(0),0) — C (q(0)) =0

which basically gives:

0 —q(0) —c=0 = |¢/*(0) =

Now we find the first-best quality level when the buyer is both a status-seeker
and inequity averse. This part is not as simple as the above but very similar to the
solution methodology that we propose in the paper.

First-Best Quality Level When the Buyer is Status-Seeker:

Before finding the first-best quality level, it is important to notice from the solution
methodology that we offer in the main text that optimal quality is linear in 6 ex-post
as we use quadratic utility function. So, the solution starts with the assumption that
optimal quality is ¢/* = @ + 3. Then,

v (q+ ps(g—q™9),0)) —C'(q(0)) = 0 where ¢*9(0) = w as we show in

the solution methodology. Then, marginal utility equals marginal cost gives us that

2(2 + )0 + yps(2 + prs) (0 + B) — 4e

orpy —
T STCRUTRE
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Now, we have to find what a and (8 are from the following:

2(2 )0 <(2 s)(ab —4
0+ g = 22F RO+ +u2)(@_+ﬁ) c
V(2 + )
2 -2
Then it is easy to show that « = —— and 8 = M
Y(2 + ) (2 + ps)
Therefore,
26+,LLSQ_ 2c

1°0) = af + B =
¢7(0) = b+ P V(2 + ps)

First-Best Quality Level When the Buyer is Inequity-Averse:
It is very similar to the above case. Basically marginal utility equals marginal

cost gives us :

!

ve(q — (g — ¢*),0)) — C'(q(0)) = 0 where pup € (0,1).
Then

0(2 — pp) —yup(2 — pp)(B + af) — 4c
Y(2 — pp)?

2
¢’ =ab+p =

and g = M. Therefore if the

Then it is easy to find that a =
V(2 = ps)

Y(2 — pB)
buyer is inequity-averse, the first-best quality becomes:

20 — ppd — 2c
Y(2 — pB)

¢"0)=ab+ 3 =

Benchmark Case: Common Agency
For this part, we follow Calzolari and Scarpa (1999) and Martimort and Stole
(2009). Let g;(¢;(6)) be the output level that maximizes the agent’s utility for any

given ¢;(0) i.e.,

g; € argmax v(gi, g5, 0) — P;(q;) (1.45)

4a;j

Then define:
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0(qi,0) = v(ai, qj(4:,0),0)) — Pi(q; (i, 0)) (1.46)

Equation (1.46) denotes the gross utility that the agent can obtain given the
optimal level of ¢; which also depends on g;.

Then, we can restate the incentive compatibility constraint as:

¢;(0) € arg max{f)(qi, 0) — P(q:)} (1.47)

qi

If we use the change of variables as:

U(8) = o(a:(0),6) — Pi(a:(9)) (1.48)

then we can restate the firm i’s program (by assuming incentive compatibility

contraint holds):
max [ {o(a0) = ea(8)) = U6)} dP(O) (1.49)

subject to participation constraint. Eventually, it is easy to show:

[}
U() - U(9) = /9 30(as. 0)d6 (1.50)

Thus (1.49) can be stated as:

0 0
max [ {ita(®) - cta0) - [ w0l aro -ve) sy
vJe 0
subject to participation constraint.

Note that we have 0(g;, 0) — Pi(g;) > max{0,0(0,0)} (type-dependent participa-
tion), and by single-property assumption, left and right-hand sides are in increasing in

0 yet again due to single-cross property 0g(g;, d) > 09(0, §) which makes sure that par-

ticipation constraint only binds for the lowest type. Therefore, the seller i’'s problem
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becomes:

o 0
max /6 {@(qi(e))—c(qi(e))— /0 fie(qi,Q)dQ}dF(H)—U(O,qj(O,Q),Q) (1.52)

qi

Then by using Fubini’s theorem, the above maximization problem can be restated

as:

1 — F(8)

) fm(qi,e)}cm(e)—U(o,qj<o,Q>,Q> (1.53)

s [ {560 o) -

qi

Clearly, the virtual surplus function becomes the expression inside the parenthesis
in equation (1.53).

Proof of Proposition 1: The proof mainly follows equation (1.28), Martimort
and Stole (2009). Note that we give detailed proof for only status-seeker buyers. For
inequity-averse buyers, the way of proof is completely identical with status-seeker.

The payoff function of the status-seeker buyer of type 6 is

ﬂ A

+6 . ‘ :
o g— S Ltetis) ((1 * %)Qt N %(Bt " aﬁ)) 27— R - s — Rila) = Bi@) (1.54)

avg

For clarification, note that the first part in (54) is 03, ¢, o (¢¢ + p(q: — 7))
and we assume that price schedule is quadratic without an intercept term i.e, P(q) =
a
a1q + §q2 Then, the indirect utility requires:

arg maxu — Pj(q;) (1.55)
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. From (1.55), we have

vy @+ 0)B+NA+E) =76 —ai (B =)
4(6) = B+ ax(8% —?) (1.56)

Then, it is straightforward that:

O _ _ g}
dq; B+ ax(B? —?)

By following (1.28), we have:

dq;, 0P Oq; _ q;
1+-2)———-—2L —c=(0-10 1 ! 1.57
uq( i qu) dq Oy o= )ueq( " a%‘) ( )
a+0 s q pey 1
h = —(14+—=)— =(1+4—=)— N hat h fi
where u, 5—7<+2) 6_7andu9q <+2)ﬂ—7 ote that here we focus

on only symmetric equilibrium. That is to say, we have ¢,(0) = ¢(0) and p’ = pJ = s
for all ¢ € {i,5}. Then by using (1.57), we find the symmetric optimal quality level

as:

_ay+(a+20 - 0) 1+ E)(1L+aa(8 +7)) — c(B+ ax(5 — 7*))

qs"(0) T F 0.8

(1.58)

Note that ¢,* denotes the optimal quality for the status-seeker buyer. Now we
d d
find a; and ay. First, it must hold that @{uq — P,(q(6))} = 0. This gives: d—g =
1+ 5

1+ax(8—7)
If we also take the derivative of (1.58) with respect to 6, we reach:

dg 201+ 5)1+ax(B+17))
do 14 axf

Therefore, as must solve:

14 3asf + 2a5(8% —4*) = 0
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q;

0q;

which gives two real roots but by our assumption on 1 + > (0 Therefore,

(1.59)

2
Y W/
Notice that this result is the same with Martimort and Stole (2009) but as we
show, a; changes due to the existence of the status-seeker parameter. Now we find
ai. Note that by using the first-order condition we also must have the following
uq(f) — Py(q(0)) = 0. After some algebra, one can reach a; = —as(1 + & )(a + 6) +
c(1 4+ as(B —7)). Then, by combining (1.59), we find the a; as:

o = (24 ps) (o +0) + (B + 2y + /B2 + 8y?) (1.60)

30+ /[?% + 82

which completes the proof. Note that af denotes one of the coefficients for the status-

seeker buyer on the hand a! denotes one of the coefficients for the inequity-averse
buyer. Thus, in the equilibrium, the optimal price schedule becomes P(q) = a5q+ %q2
where ay and a; are defined in (1.59) and (1.60) respectively.

Now, we also show the optimal symmetric quality level for the inequity-averse

buyer. The payoff function for the inequity-averse buyer of type 6:

Ui, q5,0) = ulai, g5, 0) — > NO[q(0) — ¢/*(0)] — Pila;) — Pi(qy)

te{i,j}
with A € (0,1). Similarly, the indirect utility requires:
arg H}Jaxv(qi, q;,0) — P;i(q;) (1.61)
J

where (i, gj,0) = (@i G5, 0) — D eqijy A'0[ae(0) — ¢?(0)]. Then, it is straightfor-

ward that

(@+0)(B+7)(1—3) =7 —a (B — %)
B+ ax(B* —+?)

4 (@) =

which basically gives
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8(]; _ y
dg; B+ ax(B? — +?)

By following (1.28), we have:

(9qj B 8_P (9qj _ 8q}‘

1 —c=(0-0 1 1.62

uq( i 8%) 9q 90q; e= )UGQ( " 8%‘) ( )
a+0 A q 1 A

where u, = WG(l - 5) e and ug, = ﬁl ~ 3 Note that here we focus

on only symmetric equilibrium. That is to say, we have ¢;(0) = ¢(f) and X' = M = \
for all ¢ € {i,5}. Then by using (1.62), we find the symmetric optimal quality level

as:

a1y + (o +20 — 0)(1 — 5)(1 + ax(B +17)) — c(B + a2(8* — %))

*(0) = 1.63
Now we find @} and ap. First, dile{uq — Py(q(9))} = 0. This gives dili(:) =
2—A dg  2(1 -1+
AT mB—7) Similarly by using (1.63) we have also d—g = 1-3 )1( n a:;(ﬂ ) .
1 2 — 2 —
Thus, we have (1+ ax(8 + 7)) ) = A . Then, it is clear that we
(1 +asp) 2(1 +az(B —7)
find :
= 2 (1.64)
38+ /3% + 8y '

Note that as is independent of both social preference parameters p; and A and the

same for each type of buyer. For a we follow the same steps as we did in status-seeker

buyer.
) ) inequti 2—)
uqg(0) — P,(q(0)) = 0. After some algebra one can reach ai"“" = — 5 (o +
0)as + (1 + az(B — 7y))e. Then, by combining (1.64):
gio= 2= N+ 0) +c(B+27+ VB +877) (1.65)
1= :

38+ +872
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Note that in the equilibrium optimal price schedule becomes P(q) = aiq+ %qQ where

as and a} are defined in (1.64) and (1.65) respectively.
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2 Sabotage in Rent-Seeking Contests with Endogenous Prize

Abstract

This study aims to find the optimal productive rent-seeking efforts if sabotaging
activities are feasible, and the prize is endogenous. Previous studies show that if the
prize (rent) is fixed, and the contestants sabotage the productive rent-seeking efforts,
then under some conditions, the productive rent-seeking efforts do not depend on the
level of sabotage in the equilibrium. However, in this study, productive rent-seeking
efforts do not only affect the winning probability but also generate additional surplus
over the fixed prize. Contrary to previous studies, we mainly conclude that due to the
existence of endogeneity, sabotaging productive rent-seeking efforts causes sabotaging
of the endogenous part of the rent. Therefore, sabotage activities affect the level of
productive rent-seeking efforts in the equilibrium. Hence, if the rent is endogenous
and monitoring is feasible, the contest organizer may want to monitor the sabotage
activities. In the second part, we introduce the Fehr and Schmidt (1999) type of social
preferences into our model. We characterize both symmetric productive rent-seeking
and sabotage efforts. Finally, we compare the productive rent-seeking and sabotage

efforts of other-regarding and self-regarding contestants.
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2.1 Introduction

In economics, there are many events and social interactions that can be explained
by contests. Contests describe a phenomenon in which agents expend irreversible
resources, such as money, effort, etc., to increase the probability of winning a given
prize. Rent-seeking games, job promotion tournaments, patent races, R&D activities,
and political campaigns can be examples of contests.

It is obvious that to increase the winning probability in a contest, apart from
any attempt which increases one’s productive rent-seeking efforts, one can also exert
sabotage efforts on his rivals to decrease their winning probabilities. Thus, one can
define sabotage as any activity that decreases the opponents’ winning probabilities.
Any illegal actions or behavior in sports competition (Amegashie (2012)), negative
campaigns in political elections (Skaperdas and Grofman (1995)), or selection tourna-
ments (Miinster (2007)) are some of the areas that sabotaging activities are observed.
As Minchuk et al. (2018) mention, sabotage in contests can be grouped into 3 different
categories. First, one can try to decrease or reduce his opponents’ productive effort
as in Chen (2003), Konrad (2000), and Miinster (2007). Second, one can reduce his
rivals’ valuation of the prize as in Amegashie and Runkel (2007). Lastly, one can
increase his opponents’ marginal cost of exerting productive effort as in Amegashie
(2012) and Minchuk et al. (2018).

In the literature, as far as we know, there is no work that studies sabotage in rent-
seeking contests when the rent is endogenous. We believe that it would be an inter-
esting and important question to analyze for the following reasons. First, Amegashie
(2012), Minchuk et al. (2018), and Minchuk (2020) define productive rent-seeking
efforts as the conventional rent-seeking efforts that only determine the probability of
winning a fixed prize. However, in this study, productive rent-seeking efforts not only
determine the probability of winning, but productive rent-seeking efforts also increase
the size of the prize. Second, as Chung (1996) and Amegashie (1999) show, there are

many real-life examples where the rent is endogenously determined. For example, as
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Chung (1996) points out that R&D investments can be considered productive if the
knowledge created by all agents, has spill-over effects on the monopoly right. Also,
as Amegashie (1999) shows if the firms compete for a monopoly right (prize), the
winning firm gets the prize for a certain duration of time, and the winning firm can
extend the duration of the right by exerting extra efforts.

In our work, we define the productive rent-seeking effort by following Chung (1996)
and Amegashie (1999). We introduce a new endogenous prize form which is similar
to Chung (1996) in which the prize depends on the aggregate rent-seeking efforts.
Different from Chung (1996), we also introduce a minimum amount of fixed rent as in
Amegashie (1999). That is to say, our model offers a new endogenous prize structure
in which the prize depends on both the aggregate rent-seeking efforts of all contestants
and a minimum amount of a fixed rent. That is why the “productive rent-seeking”
effort produces or increases the rent (or prize) in our model. As the aim of sabotage
is to reduce the productive rent-seeking efforts, we see that contestants also sabotage
the endogenous part of the prize. In that sense, our work completely differs from the
previous literature. We show that different from Minchuk (2020), productive rent-
seeking efforts depend on the level of sabotage efforts in the equilibrium. Thus, if
the rent is endogenous and monitoring is feasible, then the contest designer might
consider and monitor the sabotaging efforts. This is one of the main different and
important outcomes.

Apart from that, we believe that it is also important to include behavioral aspects
in our model because sabotaging others is itself a behavioral phenomenon. Mui
(1995) introduces the importance of being envious in economics and shows how being
envious plays a role in sabotaging others. In this regard, we introduce the Fehr
and Schmidt (1999) type of social preferences in our model in the second part as an
extension. Because sabotaging activities can stem not only from selfish contestants
but also inequity-averse or status-seeker contestants. That is why we show the optimal
symmetric productive rent-seeking and sabotage efforts when the prize is endogenous

and contestants have social preferences in the equilibrium. We mainly find that if
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the sabotage is feasible, then the sabotage efforts with the social preferences become
higher than the model with the self-interested one in the equilibrium. Furthermore,
if the contestants are inequity-averse, to have an interior solution for the productive
rent-seeking and sabotaging efforts, the absolute value of the differences in social
preference parameters should be low enough.

The organization of the paper is as follows. The next section briefly introduces
related literature. Section 2.3 explains and defines the model in detail. Section 2.4

adds social preferences to the model. Section 2.5 concludes.

2.2 Related Literature

In this section, we briefly introduce related literature for both sabotage in contests
and rent-seeking literature with an endogenous rent. For the sabotage in contests
literature, Chowdhury and Giirtler (2015) offer a very informative, extensive, and
informative survey. In light of their study, we briefly mention some of the important
papers related to sabotage in contests. First, we begin with sabotage in tournaments
literature then we continue with sabotage in rent-seeking literature.

Lazear (1989) studies a labor tournament in which sabotage is possible. He shows
that in a contest, wage compression can reduce workers’ sabotaging activities and
decreases uncooperative activities. Hence this result may increase the output. More-
over, he notes that wage compression may also reduce workers’ productive effort which
is why the increased output is not guaranteed. Chen (2003) introduces sabotaging
activities in promoting tournaments and shows that sabotaging opponents reduces
the efficiency of an organization. According to Chen (2003), the ablest ones are sab-
otaged more and they may have not the best chances of getting promoted. Miinster
(2007) also studies sabotage and selection tournaments and he finds that contestants
who have higher productive effort are exposed to the highest sabotage in the equilib-
rium. Unlike Chen (2003) and Miinster (2007), Giirtler (2008) offers sabotage in team

tournaments model in which each contestant’s productive effort increases the team’s
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performance. Moreover, Giirtler (2008) shows that different from Chen (2003) and
Miinster (2007), due to the decreasing returns and complementary effects, each team
exerts their sabotage efforts towards the opponent teams’ member who has the least
productive effort. Dogan et al. (2019) also proposes a model with sabotage in team
contests in which each team member determines their productive effort determin-
ing the team’s aggregate productive effort. Moreover, each team member determines
their sabotage efforts against a particular member from the opposing team. The main
results are the discouragement effect of sabotage disappears for some contestants and
the free-riding problem in team contests in no longer exists with the additional option
to sabotage.

Konrad (2000) builds a new model in which sabotage is introduced in rent-seeking
contests. He defines sabotage as such that it decreases the effectiveness of the pro-
ductive (or rent-seeking) efforts for others. He shows the conditions for exerting
positive sabotaging effort in the equilibrium and finds that rent-seeking (productive)
effort may increase, decrease, or unchanged due to the sabotaging activities under
some conditions. Different from Konrad (2000), Amegashie (2012) forms a two-stage
contest game where contestants choose their sabotage (destructive) efforts in the first
stage, and they exert productive (rent-seeking) effort in the second stage. In his model
unlike Konrad (2000), sabotage increases the marginal cost of exerting productive ef-
fort. He shows that after a certain threshold level, there exists positive sabotaging
effort in the equilibrium and after that threshold level, the productive effort remains
constant. Minchuk et al. (2018) extends the model of Amegashie (2012) and they
introduce a three-stage contest game aiming to minimize sabotaging activities by
monitoring the contestants. Then, Minchuk (2020) proposes a new rent-seeking con-
test model in which two different forms of sabotage are introduced. He shows that
only the sabotaging efforts which increase the marginal cost of exerting productive
effort affect the productive (rent-seeking) effort in the equilibrium. According to his
model, if sabotaging activities negatively affect the winning probability, they do not

have any effect on the productive (rent-seeking) effort in the equilibrium.
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In the rent-seeking literature, the conventional Tullock (1980) model assumes that
the prize or the rent is fixed. Yet, it is also important to analyze the above problem
when the prize has an endogenous component. Chung (1996) shows the existence
of the equilibrium when the efforts are productive i.e., rent is only the function of
the aggregate efforts. Apart from that, Chung (1996) assumes that the prize con-
sists of only one part which is the function of the aggregate sum of effort. In that
sense, Amegashie (1999) proposes a new endogenous prize model in which the prize
depends on both the minimum rent and the contestant’s effort and shows that there
is a negative relationship between optimal symmetric equilibrium and the number of
contestants which is completely different than the conventional model. Lastly, differ-
ent from all the above models related to endogenous rent, Alexeev and Leitzel (1996)
come up with a new model called “Rent Shrinking” in which the rent is decreasing
function of the aggregate sum of rent-seeking efforts of the other contestants. That

is to say, rent diminishes by the losing contestants’ rent-seeking effort.

2.3 The Model

We consider a simultaneous rent-seeking contest game with sabotaging activities sim-
ilar to Konrad (2000). However, our model differs from his study in the sense that
we introduce an endogenous prize(rent) structure. We assume that contestants are
risk-neutral and they have complete information. Each contestant ¢ simultaneously
chooses his “sabotage”(s; > 0) and productive rent-seeking efforts (z; > 0). Similar
to Konrad (2000), contestants sabotage their rivals to decrease the effectiveness of
the productive rent-seeking efforts. The expected utility of the contestant ¢ where

the rent is endogenously determined:

X

1 + Z 'Sji €T;
E?UZ = ];,Z (vmin —I— KR Z —Z) — C1T; — Co Z Sij (21)
YT e 2 i it i
1 +Zj7£i Sji
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Here = denotes productive rent-seeking effort or lobbying expenditures. v, is
the fixed part of the prize and x € (0, min{c;, cz})! denotes the marginal benefit of
exerting productive rent-seeking efforts. At the same time, we assume that ¢; > 1
denotes the marginal cost of exerting productive rent-seeking and sabotage efforts.?
In our model, the main different part comes with the variable part of the prize (rent).
The prize or the rent is the function of both the fixed part of the rent and the aggregate
sum of productive rent-seeking efforts. That is, productive rent-seeking efforts add
a surplus over the fixed prize v,,;,. The prize is positively affected by productive
rent-seeking efforts  but at the same time, the endogenous part of the prize is
negatively affected by the total sabotage exerted by the other n — 1 contestants. This
occurs because one part of the prize is determined endogenously with the productive
rent-seeking effort. Since the sabotage is applied to decrease the effectiveness of
productive rent-seeking efforts, contestants also sabotage the endogenous part of the
prize. Note that sj; denotes the amount of sabotage level exerted by contestant j
towards contestant i. Moreover, the last part » i Sij shows the exerted total sum
of sabotage from contestant i to other (n — 1) contestants.

Before introducing sabotage in our model in detail, we need to show the existence
and uniqueness of the rent-seeking model with an endogenous prize when it depends
on both the fixed part and the aggregate sum of efforts. Note that this part is similar
to Chung (1996), but it is different in the sense that it also has a fixed part. Thus, it is

not straightforward to show that optimal rent-seeking effort exists in the equilibrium.

2.3.0.1 Existence and Uniqueness

In this part, we come up with a new endogenous prize model in which the prize
consists of both fixed and variable parts. The variable part is similar to Chung

(1996) in the sense that variable rent is a function of aggregate efforts. Moreover,

IThis assumption ensures the existence of productive rent-seeking effort.

2We assume that the marginal cost of exerting both types of efforts is greater than one because
otherwise, contestants can exert a very high amount of productive rent-seeking efforts due to the
endogeneity.

51



our model is similar to Amegashie (1999) if the variable part consists of only the
contestant’s effort but not that of others.

In our model, there are n contestants who are risk-neutral and they exert irre-
versible effort, spending, etc. to increase the probability of winning the prize. We
follow the basic linear contest success function i.e., f(x;) = x; where f is the contest
success or production function. In the model, we have the “winner takes the all”
assumption and we focus on the symmetric equilibrium.

Then, the expected utility of contestant ¢:

X

EU; = %{Umm + ro(Qoxi)} — i = inv(’vmma v(Xo i) — ¢ (2.2)

Note that x denotes the marginal return for the exerted efforts and V = v, +
k(> x;)

Assumption: Endogenous part of the prize (rent) is strictly increasing and
concave in T.

Proposition 1: In a rent-seeking contest with an endogenous prize, there exists
a unique symmetric equilibrium if and only if ey (x) < 1.

All proofs of propositions are relegated to the appendix. Proposition 1 explains
that if the elasticity of the prize to effort level is less than unity, then we are sure
that the symmetric equilibrium exists and it is unique.

Before going further, we first present the optimal productive rent-seeking effort
when there is no sabotage in the model. Note that there is no problem with the
existence because of the previous section that we proved.

Proposition 2: In a rent-seeking contest without sabotage, the optimal (sym-
(n—1)
n%(¢; — K)
productive rent-seeking effort is higher than the model where the prize is fixed or

metric) productive rent-seeking effort becomes: x* = Umin and the optimal

exogenous.
Proposition 2 indicates that if the rent-seeking efforts are productive, we conclude

that contestants exert higher efforts relative to the conventional exogenous model.
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It is intuitive that because the size of the rent relatively increases compared to the
exogenous model, we expect to have higher rent-seeking efforts in the equilibrium.

Now if we introduce sabotage in our model, we have:

€T

1+ - S
EU;, = = ZJZ ’ vmm—i-fﬁzl_i_z
ZAl%—zjyﬂsjZ

— C1T; — Co § Sij

S;
JF#i ﬂ JFi

It is clear that different from agent i, each other n — 1 contestants exerts a sabo-
taging effort s;; > 0 towards contestant 7, and this decreases or destructs the prize.
Moreover, 451 = 0 denotes the total sabotaging effort of contestant i against
other (n — 1) agents. In the next proposition, we show the condition for having a
positive sabotage level and we show that productive rent-seeking effort depends on
the positive sabotage level.

Proposition 3: In a rent-seeking contest with sabotage, there exists a unique

(symmetric) sabotage effort

g+ Umin = con®
con?(n —1)

and (symmetric) productive rent-seeking effort

n?(c1(1+ (n—1)s) — k) n2 (clvmm — HCQTL2)

for all i, if Vpin > can®. Otherwise, the optimal sabotage effort becomes zero in the
equilibrium.

It is straightforward that in the equilibrium it is not profitable for the contestant
i to exert any positive sabotage on others if v,,;, < con?. Therefore, if the minimum
fixed part of the prize is sufficiently low, then in the equilibrium there exists no sab-
otage effort. However, if the fixed prize is sufficiently large i.e., satisfying the above
condition, then in the equilibrium, there exists a positive sabotage effort. Thus, if

there exists any contest organizer for the contest, it may be important to monitor the
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contestants. Hence, the contest organizer might also exert monitoring efforts to de-
crease any possible sabotage as in Minchuk et al. (2018). Note that our result related
to the sabotage part is similar to Konrad (2000). The main difference between our
model and Konrad (2000) is that Konrad (2000) assumes that the rent is exogenously
given and fixed. He shows the conditions to exert the positive sabotage level in the
equilibrium. However, in his model, we see that optimal rent-seeking effort does not
depend on the sabotage level if we impose our model’s structure on Konrad (2000).
In our model, we show the necessary condition for contestants to exert positive effort
in the equilibrium. This condition and the optimal positive sabotage level results are
the same as Konrad (2000) if his model assumes that the contest success function is
linear and sabotage is introduced as we did in our work. Note also that if v,,;, > con?
is satisfied, then we would directly have c1v:, — kean? as k € (0, min{cy, co}).

As a result, if the prize is fixed and if we use classical linear Tullock (1980)
type of contest success function, then the optimal productive rent-seeking effort does
not depend on sabotage.> However, different from the previous literature, when we
introduce the endogenous prize, which is simply the function of aggregate efforts of
all contestants, then the existence of the positive sabotage also affects the optimal
productive rent-seeking efforts in the equilibrium

Now we have the following proposition which is closely related to Proposition 3.

Proposition 4: If the fived prize (rent) is sufficiently high i.e, Vpin > con?, we

have the following:

1. As the number of contestants increases, optimal sabotage effort decreases in the

equilibrium.

2. The optimal rent-seeking (productive) effort is higher than the rent-seeking

model with a fixed rent in the equilibrium.

3. For n > 3, as the number of contestants increases, the optimal rent-secking

effort decreases if K € (0,k*) and the optimal rent-seeking effort increases if

3See Konrad (2000) and Minchuk (2020) for the details.
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Kk € [k*, min{cy, cp}).t

The first statement of the proposition is closely similar to Konrad (2000) in which he
states that sabotage exists when the number of contestants is lower. In our model,
it still holds that sabotage is a small number phenomenon as in Konrad (2000). The
second statement explains that with the introduction of endogenous rent, contestants
exert higher efforts than in the model with a fixed rent. This occurs because the size
of the cake increases and this causes it to exert higher productive rent-seeking effort
relative to the model with exogenous rent. The last statement of proposition 4 is
interesting and quite similar to Amegashie (1999). Amegashie (1999) finds a similar
result in his paper. Note that we know from the conventional rent-seeking theory
that if the number of contestants decreases, then the productive rent-seeking effort
increases. This is because their probability of winning the prize increases. But in our
model, due to the marginal benefit of exerting productive rent-seeking efforts, we have
an interesting result similar to Amegashie (1999)°. What we observe is that up to a
certain threshold x*, the mechanism works as anticipated. That is, the effects of the
total number of contestants prevail over the increasing part of the prize (endogenous
part). On the other hand, after k*, we observe that the effects of increasing part of
the prize (endogenous part) prevail over the total number of contestants. It occurs
because, after k*, the marginal benefit of the exerting productive rent-seeking effort
dominates the effects of the increased number of contestants. Now, we introduce a
very simple example with different scenarios to see how the mechanism works.

Example 1: Suppose 2 contestants compete for a prize (rent) in which the fixed
part of the rent is 16. Assume that the marginal cost of exerting productive rent-
seeking effort is 1 and the marginal cost of exerting sabotage effort is 2. Moreover,
let k = 1

2
Scenario 1: Exogenous Rent without Sabotage:

c1(n —2)(e + can?) where 0 < & < can?(3n —4 —c1(n — 2))

d detail i
ca(3n — 4)n? =2 and details are in

4Note that k* =

the appendix.
5See Amegashie (1999) for the details.
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First, suppose that the prize (rent) is fixed and there are no sabotaging activities

in the competition. Then, the model converges to classical Tullock (1980) type in

n—1
5~ R where ¢ is marginal cost and R is the amount of rent. In this

which z* =
cn
scenario, the optimal productive rent-seeking effort becomes x* = 4 and the expected
utility of any contestant becomes 4.
Scenario 2: Exogenous Rent with Sabotage :

Different from scenario 1, if we impose the sabotage into our model, then it con-
verges to Konrad (2000). According to Konrad (2000), in this scenario, optimal
productive rent-seeking effort does not depend on the sabotage level. It is easy to
show that, under scenario 2, the optimal productive rent-seeking effort z* = 4 is still
the same as in scenario 1. Also, the optimal sabotage level becomes s* = 1 and
obviously, the expected utility of gaining this competition decreases to 2

Scenario 3: Endogenous Rent without Sabotage: By following Proposition
1, it is easy to obtain the optimal productive rent-seeking effort as z* = 8 which
is precisely the double amount of the previous scenarios. Moreover, in this case,
the expected utility of any contestant becomes 4. Note that the expected utility
value is the same in scenario 1 but this is not surprising because our model assumes
that the endogenous part is the linear sum of productive rent-seeking efforts. If we
changed it into a strictly concave function, the result would change as well. However,
as designing such a model brings also extra complexity, we construct our model as
simple as possible.

Scenario 4: Endogenous Rent with Sabotage: In this scenario, as we show
in Proposition (3), optimal productive rent-seeking effort depends on sabotage now.
In this case, x* = 5.33 is lower than scenario 3 but the higher than first two scenarios.
Also, note that the optimal sabotage level remains the same as in scenario 2. This
occurs because we include the endogenous part as a linear sum of rent-seeking effort.
Instead of using a linear function, If we used any strictly concave function which is
the sum of rent-seeking efforts, we also would have the different sabotage levels in

equilibrium with scenario 2. Lastly, the expected utility of any contestant becomes
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In general, what we observe is the following. First, due to the endogenous prize,
contestants exert higher productive rent-seeking efforts than the models with exoge-
nous rent in the equilibrium. Second, the existence of sabotage decreases the optimal
rent-seeking efforts when the rent is endogenous and it decreases the expected utility
in all scenarios. Lastly, the expected utility values of scenarios 1 and 3 and scenarios
2 and 4 are completely the same. This occurs because we define endogeneity basically

as a linear sum of efforts. Otherwise, we would have different values.

2.4 Extension: Social Preferences and Rent-Seeking

In this part, we introduce the Fehr and Schmidt (1999) type of social preferences into
our model and show how productive rent-seeking and sabotage efforts depend on the
social preference parameters in the equilibrium.

We assume that contestants have social preferences i.e., they are not self-interested.
This assumption lies in the fact that contestants might also exert sabotage efforts be-
cause of envy, spitefulness, etc. (Mui (1995)). That is why we think that it is worth
analyzing the sabotage in rent-seeking when the contestants have social preferences.
Contestants have Fehr and Schmidt (1999) type of other-regarding preferences and
they do not only consider their expected payoff but also the others’.

Fehr and Schmidt (1999) define other-regarding preferences as:

Ui(m;, mj) = m; — a; max{m; — m;,0} — B; max{m; —7;,0} (2.3)

Note that, unlike classical self-interested agent models, agent ¢’s utility depends
on both his payoff 7; and his opponent’s payoff and payoffs can be both monetary or
non-monetary. Parameters o and [ are social preference parameters. For inequity
aversion, it is assumed to have 5 € (0,1) and 8 < . If § is assumed to be negative,
we can think of the agent 7 as competitive.

If contestant i were selfish, his expected utility of winning the prize (rent) would
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be:

Ty
14> s
_ J?él
EUZ— Z ’Umzn‘i‘/ﬁzl_i_zsﬂ Cl.fEi—CQZSij
1+ Z Sij i i7
i#]

Since in a rent-seeking contest environment, we assume that winner takes the all,

we have:

m; — Mz = 11 >0  with probability

iz —m = 11 >0  with probability 1 — p;
\

Note that IT = v, + & Z . We introduce Fehr and Schmidt (1999) type

1+ E 8ji
J#
of social preferences into the rent-seeking set-up by combining (2.3) and (2.4) and we

redefine the expected utility of contestant i as:

_ S
L4208 L+ D sy
EUZ:(l—ﬁ) ]—7;'@] II—« —‘%;]ﬁz H—Cll‘i—CQZSZ‘j —
S S - 7
j 1"‘28@' j 1+Zsij i
i#] 1#]
EU; = 1 (1—-75) = az o T —c Zs
1+ sy i A= i
i#]
(2.5)
Here note that II is not given exogenously, it is endogenous and II = v,,;, +
Z;
K ———-
Zi: L+ sji
J#i
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One of the most important implications of (2.5) is the following. Suppose con-
testants are inequity averse. Note that if a > 1 — 3, it is obvious that the expected
utility becomes negative in the symmetric equilibrium and thus in the symmetric
equilibrium, the rent-seeking effort becomes zero. Similarly, if 5 rises, the probability
of exerting positive rent-seeking effort decreases. Thus, as contestants become more
inequity averse, their expected utilities tend to decrease. In general, it is clear to see
that from (2.5), one of the necessary conditions to have a positive rent-seeking effort
in the symmetric equilibrium is 1 — § — a > 0.

If contestants are status-seekers or competitive, then it simply becomes that 5 < 0.
In this case, under the symmetric equilibrium, to have a positive expected utility
1 — B —a > 0 must be satisfied again® but in this case, as the value of 1 — 3 is
relatively higher than the inequity aversion case, then there is no strict restriction to
say that the inequity aversion parameter o should be less than 1.

We first begin our analysis by assuming that there is no sabotage in the environ-
ment and that the prize is exogenously given and fixed.

Proposition: 5 (without sabotage) In the rent-seeking contests with the
endogenous prize, we have a unique symmetric productive rent-seeking effort:
o (n=1)(A =B+ a)vmin

U R B) 20

Note that if the prize is given exogenously i.e if it is fixed, then the optimal
n—1)(1 -5+«

cin?

productive rent-seeking effort becomes 2} = v where v is a fixed

rent. Note that if contestants are inequity-averse then 8 < «. Hence, it is obvious
that due to the existence of social preferences, contestants exert higher effort than
self-regarding contestants. Similarly, if 3 < 0 i.e., the contestants are status-seekers,
then it is straightforward that the optimal productive rent-seeking effort would be
again higher than the selfish contestants.

Corollary 1 (without sabotage): The productive rent-seeking effort in the

8This condition is a necessary condition, not a sufficient condition.
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endogenous model with social preferences is greater than the model without social

B

preferences if (1 ——) > E

« C1

This corollary implies that if the rent is endogenous and if the contestants become
more inequity averse, then it is highly probable that they exert higher efforts in the
equilibrium relative to self-interested contestants. We know from the previous part

that the optimal symmetric rent-seeking effort with an endogenous prize without
(n—1)
n%(c; — k)

introduced to the model then the equilibrium becomes z5 =

Umin Where k£ € (0,1). If social preferences are

(n =11 = B+ a)vmin
n?(cr = w(1 = f))

social preferences is z7 =

Then it is easy to show that

which implies that

co—k—cf+rfH+coa—ka>c—k+K — |[1——=>

L™

2| =

Now, we introduce sabotage and see how productive rent-seeking effort changes
due to the sabotage. In this part, due to the existence of social preferences, it becomes
difficult to show explicitly the optimal productive rent-seeking effort and sabotage
level in the equilibrium. Yet, we show that equilibrium exists under some conditions.

First, if we take the derivative of (2.5) with respect to z; and s;; : and focus on

the symmetric equilibrium i.e x; = 2* and s;; = sj; = s for all ¢, j : we find that

o =B+ a)d+(n—1)s)(n —1)vmin
n2(e;(14 (n—1)s) — kea(1 — B)) (2.7)

and

(1= B+ @) vpin — n*(c2 — Kax™)
s = en(n— 1) (2.8)

Note that if contestants are inequity-averse, v,,;, is sufficiently high and the dif-
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ference between social preferences is sufficiently low i.e, « — 8 < 1, then z* and s
exist and the solution pair becomes unique. This occurs because of the fact that given
Umin, social preference parameters, «, [, and k, it is clear that s = f(x*) and s is
clearly linear function in z*. Similarly, z* = ¢(s) is the function of s, and as it can be
seen from (2.7), x* is a non-linear, but smooth function in s. Thus, the intersection
of the s = f(z*) and z* = g(s) nonempty and unique. Note that if contestants are
inequity-averse, it is important that the fixed rent v,,; must be high enough, and
social preferences must satisfy o — [ < 1 to guarantee that the expected utility of
the contestants is positive. However, if the contestants are status-seekers, the only
restriction that we should have is the fixed rent must be high enough.

Note that in the equilibrium, it is easy to verify that the optimal sabotage level
becomes higher than the model without social preferences and thus optimal rent-
seeking effort becomes lower than the model without social preferences. Thus, we
have the following result:

Corollary 2: If both rent-seeking and sabotage levels are feasible, then the con-
testants with Fehr and Schmidt (1999) type of social preferences have higher sabotage
levels, than the model without social preferences in the symmetric equilibrium.

Note that as we show in Proposition 3, the fixed prize (rent) must be sufficiently
high to have positive sabotage in the equilibrium. Here if we assume that the fixed
prize must be sufficiently high, positive sabotage exists in the equilibrium. Also,
note that as we show below, the existence of social preferences increases the optimal
sabotage level which makes the contestants exert less and less productive rent-seeking
effort in the equilibrium. Thus, if the difference between the v and [ increases, then
the contestants’ expected utility approaches zero.

If there is no social preference in the model, we know that from Proposition 3,
(n—=1)1+(n—-1)s)v and s = 2 can

n?(c;(1+ (n—1)s) — k) can?(n — 1)
introduce the social preferences, from (9), it is obvious that

. However, it is clear that if we
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(1 — B+ a)Vmin — n?(cy — Kax*) < Umin — con?

con?(n —1) ~ con?(n—1)

Hence, in the equilibrium sabotage with social preferences becomes higher than the
model without social preferences.

Example 2: Suppose there are two contestants and let v,,;, = 16, k = 0.5 and
c1 = co = 2. We first show the optimal productive rent-seeking and sabotage effort
levels when the agents are self-interested, then we assume that they are inequity-
averse. Note that we only focus on the symmetric equilibrium.

It is easy to see that if contestants are self-interested, then o« = = 0. Then, by
following Proposition 3, it is easy to find that optimal symmetric rent-seeking effort
becomes z* = 2.28 and optimal sabotage effort becomes s* = 1. This yields that
contestants’ expected utilities become 2.01 > 0.

Now suppose contestants are not selfish anymore and let § = 0.1 and a = 0.2.

From (2.7) and (2.8), we can write the best-response functions as the following:

17.6(1 + s)

x(s) = S0 15 —36 and s(x)

9.6+ 0.4z
N 8

The intersection of the best-response functions gives that x* = 2.725 and s* = 1.336.
Moreover, in the symmetric equilibrium, the expected utility of each contestant be-
comes 0.461 > 0 According to this example, what we observe is optimal productive
rent-seeking effort is now higher when the contestants have social preferences. Simi-
larly optimal sabotage level is relatively higher than the self-interested model. Lastly,
in the second case, because both productive rent-seeking and sabotage efforts are rel-
atively higher than the self-interested model, we observe that the expected utility of

the contestants is lower than the self-interested contestants.
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2.5 Conclusion

In this study, we examine sabotage in rent-seeking contests when the rent is en-
dogenously determined. As far as we know, previous studies consider the classical
rent-seeking effort as a productive rent-seeking effort and contestants compete for a
given fixed rent in general. However, as in Chung (1996), we can define productive
efforts such that they increase the size of the rent. That is why in our model, differ-
ent from previous literature, we introduce endogenous rent formation and this mainly
brings the main novelty. In the rent-seeking competition, since the rent is endoge-
nously determined in our model, productive rent-seeking effort not only determines
the winning probability but also increases the size of the prize.

This study consists of two different but related parts. In the first part, we show
and find the symmetric equilibrium levels of sabotage and productive rent-seeking
efforts. What we mainly observe is that if the prize is a function of both a fixed
part of the rent and the aggregate sum of productive rent-seeking efforts, and the
sabotaging activities are feasible, then productive rent-seeking efforts depend on the
level of sabotage. Thus, different from Minchuk (2020), if monitoring is feasible by a
contest organizer (designer), sabotaging efforts should be taken into consideration by
the designer.

In the second part, we introduce the Fehr and Schmidt (1999) type of social
preferences into our model. We find that if the sabotaging activities are feasible,
the symmetric equilibrium level of sabotaging effort becomes higher than the model
with self-interested contestants. In this part, we also show that if the contestants
are inequity-averse, to have an interior solution for both productive rent-seeking and
sabotaging efforts, the absolute value of the differences in social preference parameters

should be small enough.
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2.6 Appendix

Proof of Proposition 1: The proof is similar to Okuguchi (1999) but there are
differences between our model and his model. The main difference is that he uses a
more general contest success function than we did and in his model, there is no fixed
part of the prize. Different from him, in our model, we have a fixed part of the rent,
and the contest success function is linear.

The first-order condition with respect to z; yields

Zj;éi L

i w(w) o
5 5) K 1=0 (2.9)

{Vmin + KOO x)} + S o,

For the symmetric solution, x; = x for all 7. Then we have:

n—1

——{Umin + K0(n2)} + KV (n2) = 1 =0 (2.10)

Note that (2.10) can be rewritten as L(z) — R(z) = 0 where

L(z) = nnT_xl{vmm + kv(nz)} and R(z) = 1 — kv’ (nx)
Now note that R'(z) = —snv” (nz) < 0. That is to say, R(z) is strictly decreasing
in x. Then, it is straightforward to see that if L(z) is strictly increasing in z i.e,
L'(x) > 0 for all z, then the solution automatically exists and intersects at only one
point i.e., unique.
Note that

!/

L'(z) >0 <= nkzv (nz) < vmin + kv(nz) = V(z)

This implies V (z) > 2V’ (z). If we divide both sides with V' (z), we get:
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Thus, L'(z) > 0 <= ey(x) < 1 completes the proof.
Proof of Proposition 2: Note that without sabotage, (2.1) can be rewritten

as:
T

The first-order condition yields that:

—Z#ixj Umin + K T i
5 oy tmin + 6w} 5=

7

k—c; =0 (2.12)

FEU
O} N (X2 i)

symmetric solution, x; = x* = z for all i. Then (2.12) becomes:

> i L

Note that the second-order condition holds as 3 < 0. For the

(n— 1)z 1
. . (n—1) .
Then, it is easy to verify from (2.13) that x; = z* = ﬁvmm. Note that if
n?(c; — K
-1
the prize were fixed, then the optimal rent-seeking effort would be 2° = nQ—Umm is
n-c;

clearly lower than x*.

Proof of Proposition 3: First-order conditions with respect to z; and s;; yields:

Zj;éi L
INCED DPRTIIEED SO PRI S L
Ox; OiT——=—")? =1+ st 2T 14280
1+ Zj;éi Sji

and

Ti Ly
OEU; (1 + 250 Sa‘i> (142 i 503)? i
K3 )2

0sij ot
J (Zz 1+ Z]#Z Sji
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The symmetric solution requires that x; = z and s;; = s for all 7 and j. Thus, the

above first-order conditions yield:

By using first-order condition for the x;:

n—1 nx K

n%x (v +K1+(n—1)5)+n(1+(n—1)s) “
This gives
—1(1 — 1)8)Umin
n?(c1(1+ (n—1)s) — k)
Similarly, by using the first-order condition for s;; gives:
2
g* — Umin — C2TV (2.15)

con?(n —1)
If we plug (2.15) into (2.14), we get:

— 12
n? (clfumm — R02n2)

Note that we do not show explicitly that the second-order conditions hold above.

Our model is a specific version of Konrad (2000) with a contest success or production
Ly

L+ Zj;éi Sji

satisfies the Konrad (2000)’s assumptions in the symmetric equilibrium. That is why

function of f(z;) = . It is clear that the production function basically
we do not show explicitly why the second-order conditions hold. 7

Proof of Proposition 4:

1- Given fixed prize Vp, satisfying, vUmin > con?, it is easy to see that n? is a
strictly increasing function in n. Thus, as n increases it becomes difficult for the

contestants to exert positive sabotage effort in the equilibrium.

TApart from that Minchuk (2020) also uses the same production function as we did in our
model.Minchuk (2020) shows the second-order conditions hold in his model.
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2- It is clear that if the rent is fixed and there is no endogenous part, then optimal
rent-seeking effort does not depend on the sabotage level. Let x¢(n,v) denote the
optimal symmetric rent-seeking effort when the prize is exogenously given. It is easy

to show that

where v,,;, is fixed. Thus, it is easy to show that

Kcon?

" — .Z'0<n7 Umin) - xO(navmin) Z 0

C1Umin — KCaM?
the optimal rent-seeking effort is higher than the model in which the rent is as-
sumed as fixed.

3- If we take the derivative with respect to n, we get:

ox* i {kean?(3n —4) — vpiner(n — 2)}

min

on n3(kean? — ¢1Vmin )?
If we assume that n > 2, then the sign of {xn?(3n —4) — v, (n —2)} depends on
both k and vVpi,. Because vmin > can?, let vy, = con? + € where € > 0.

Then, {kn?cy(3n — 4) — vpinci(n — 2)} can be rewritten as, kn?cy(3n — 4) —
c1(n — 2)(ge + can?)
(3n — 4)can?
rent-seeking effort decreases as the number of contestants increases. Similarly if

c [cl(n — 2)(e + con?)
(3n — 4)con?
equilibrium. Note that according to our assumption x must be bounded above
by 1. Therefore, a(n —2)(e + cn’)

(3n — 4)con?
_ con?(3n — 4 — c¢1(n — 2))
ci(n —2) '

ceein?(n — 2) — eci(n — 2). Thus, if K € (0, ), then optimal

, 1), then optimal rent-seeking equilibrium increases in the

< 1 must be satisfied. Indeed, this gives

Proof of Proposition 5: Note that if there is no sabotage in the environment,

then (2.5) can be rewritten as:
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Umin + K(2_ ;)
(1= B)x; — aij) — (2.17)

EUZ - :
zj:q"j J#i

First-order condition with respect to z; :

Umin + £( 2 2;)

(1= B —a > ay) + i (1-8)=a
(ij)( ; ) ;%

Note also that the second-order condition for (17) holds as

R2EU; B -2 Zj# TjUmin(1 — B+ ) <0
a7 SN :

. Symmetric solution requires that x; = x* for all ¢, thus above first-order condition

becomes:

—Umin(1 = B)2* + a(n — D) avmim + n@ (1 = B)vmi + kn*a*(1 — B)) = n’a?

(TL — 1)(1 - /3 + a)vmin
n?(c1 — k(1 = f))

lution is unique. The existence of other-regarding preferences does not affect the

. Note that the so-

Then it is straightforward that x* =

existence or uniqueness. For the existence and uniqueness, proof of proposition 1 can

be tractable.
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3 Information Disclosure with Bayesian Persuasion in Endogeneous

Rent-Seeking Contests

Abstract

This study proposes a new theoretical model regarding information disclosure
with Bayesian persuasion in rent-seeking contests when the efforts are productive.
We introduce the rent as a sum of both a minimum fixed prize and a function of
an aggregate sum of efforts. Our findings reveal that under one-sided incomplete in-
formation, different from the exogenous rent-seeking contests, information disclosure
decisions depend on both the marginal costs of exerting efforts and the marginal ben-
efit of aggregate exerted effort. We find that since the efforts are productive and add
an additional surplus on the fixed rent, our model narrows down the conditions for
the information disclosure compared to the exogenous model. Under the two-sided
incomplete information case, we observe that there is a non-monotone relationship be-
tween the optimal effort and posterior beliefs. Thus, it might be difficult to conclude

whether a contest organizer should disclose any information to contestants.
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3.1 Introduction

Rent-seeking contests are involved in many parts of economic activities. R&D, patent
races, lobbying, political campaigns, labor market competition, and sports competi-
tions can be seen as rent-seeking activities. Contestants compete for rent or a prize
and expend irreversible resources or exert costly efforts to increase their probability
of winning the reward. In contests, it is probable that contestants might have their
private information on different characteristics such as the valuation of winning the
competition, the marginal cost of exerting efforts, or some other specific abilities that
can affect winning the reward!. That is why the solution structure of rent-seeking
contests under incomplete information and disclosure of the information to the unin-
formed parties becomes significant.

In contests, under the existence of incomplete information, a contest designer
may want to disclose information to get the possible highest efforts, resources, or
expenditures from contestants. For example, in a company, if a job promotion is
determined according to each worker’s work effort, then the principal can disclose
some workers’ types to others to get the highest effort during the promotion period.
Similarly, in the R&D investment races, firms make investments to make a discovery.
Firms want to be the first ones in this competition to get monopoly rights because
others get nothing. In this environment, the regulator or contest designer can disclose
the types of firms to other firms to get the highest investment levels with the hope of
having R&D in the possible shortest time. Or as Denter et al. (2011) show, lobbying
groups spend resources or lobbying expenditures to influence a policymaker group for
their favorite legislation. If the policymaker discloses information about the lobbying
activities of some specific lobbying groups to other uninformed parties, it can increase
lobbying expenditures and inefficiency.

Zhang and Zhou (2016) show the optimal information disclosure rule with Bayesian

persuasion in contests. In their model, they introduce a two-player contest in which

!See Hurley and Shogren (1998a), Hurley and Shogren (1998b), Fey (2008), Zhang and Zhou
(2016) for more on this topic.
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one of the contestant’s valuations of winning the game is his private information.
According to their model, before the contest game begins, the contest organizer pre-
commits to a signal to influence the uninformed one to change his prior belief about
the one who has his private information. In their model, the contest organizer’s main
objective is to get possible highest expected total effort. They examine the condi-
tions for information disclosure with Bayesian persuasion under one-sided incomplete
information. When the type set is distributed binary, they show that either full or no
information disclosure is optimal among the whole signal sets. However, besides all
their findings, there are also additional significant points to be examined. In Zhang
and Zhou (2016), incomplete information stems from the valuation of winning the
contest. In the model, contestants exert irreversible resources and they do not affect
the size of the reward.

However, we know that in rent-seeking contest literature, there are studies in-
dicating that efforts are productive in a way that they add extra surplus over the
fixed rent or prize of the contest. For example, Chung (1996) introduces a new rent-
seeking model in which the prize equals the aggregate sum of total efforts. Similarly,
in Amegashie (1999)’s model, the prize is the function of both a minimum fixed reward
and the contestant’s effort. Or as we also show in the other part of this thesis, the
prize can be both the function of a minimum fixed amount of rent and the aggregate
sum of all efforts. For example, as Chung (1996) points out, in R&D investment races,
investments can be considered productive or the prize is endogenously determined by
the aggregate investments if there is a knowledge spill-over effect. Or Amegashie
(1999) states that in many jobs, besides a minimum wage, there might also be possi-
ble to get an additional salary, or promotion by exerting extra performance or effort.
Also, Amegashie (1999) gives the example that firms may compete with each other
for a minimum duration of a specific monopoly right but they also can extend the
duration of the monopoly right by exerting additional effort.

In this study, therefore, different from Zhang and Zhou (2016), we propose a new

theoretical model in which the rent is determined endogenously to discuss the in-
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formation disclosure conditions using the Bayesian persuasion approach. The main
differences between our model and Zhang and Zhou (2016) are the following. First,
in Zhang and Zhou (2016), the efforts are unproductive, and incomplete information
occurs from the different valuations of winning the contest. On the other hand, in
our work, efforts add extra surplus over the fixed prize. That is to say, the prize is de-
termined endogenously in terms of having productive efforts. Secondly, in our model,
incomplete information stems from the marginal cost of exerting effort. Lastly, even
though we could not find analytical exact results, we try to examine the information
disclosure conditions under the two-sided incomplete information case.

The main results of our work are the following. Firstly, as far as we know, this
study is the first one that finds the optimal effort level in endogenous rent-seeking
contests under one-sided incomplete information. We show that the decision of infor-
mation disclosure depends not only on the types of marginal costs but also depends on
the marginal return of the aggregate efforts in the equilibrium under one-sided incom-
plete information and endogenous rent. Moreover, because the efforts are productive
and generate an additional positive surplus, we find that the introduced endogenous
model narrows down the condition for the information disclosure compared to the
exogenous case. This occurs because of the fact that it is not that important for
the uninformed contestant to compare his marginal cost with his opponent’s possible
different values of marginal costs compared to the exogenous model. Lastly, in the
second part of our work, we introduce a two-sided incomplete information structure
similar to Fey (2008). However, due to the difficult nature of the problem, it is diffi-
cult to find the analytic solutions for the optimal effort levels.What we observe is that
there is a non-monotone relationship between the optimal effort level and posterior
beliefs. That is why it is difficult to conclude that the total expected effort level
is strictly concave or convex. Hence, we can not directly say whether the contest
organizer should disclose the information or not.

The rest of the paper is organized as follows. The next section briefly mentions

related literature. Section 3.3 introduces the model, section 3.4 introduces two-sided
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symmetric incomplete information to the model and the last section concludes.

3.2 Related Literature

In this part, we briefly mention related literature on incomplete information in con-
tests, information disclosure in contests, and Bayesian persuasion.

Hurley and Shogren (1998a) examine how the contest behavior change when the
information is asymmetric. They concluded that one-sided incomplete information
can be sufficient for contest behavior when uncertainty exists. They find that the ex-
istence of asymmetric information makes the effort risky input which may cause both
a decrease or increase in equilibrium effort. This occurs mainly from the difference
between the perceived and actual asymmetries of the agents’ values. Similarly, Hurley
and Shogren (1998b) find the optimal effort levels in a Cournot-Nash contest when
the information is asymmetric. In their model, the uninformed agent’s effort can be
seen as an uncertain input, and the uninformed one’s effort level is inversely related
to risk. At the same time, the informed player’s effort can be positively or negatively
related to the uninformed one’s effort, i.e. whether they are strategic complements
or substitutes. They show that when the efforts are strategic complements, given a
change in beliefs, each player’s effort and total effort move in the same direction. On
the other hand, when the efforts are strategic substitutes, each player’s effort moves
in a different direction, and the total effort’s direction is determined according to
each agent’s last equilibrium effort level. Lastly, Fey (2008) studies rent-seeking con-
tests under two-sided incomplete information. In his model, both contestants have
private information about the cost of exerting efforts. He examines both discrete and
continuous cases for the existence of symmetric equilibrium efforts.

On information disclosure policy in contests, we briefly mention the two different
papers. Denter et al. (2011) study the information disclosure policy between the lob-
bying groups. They mainly find that if the transparency policy is strong that is to

say if the information is disclosed to uninformed parties, then this policy can cause
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unfavorable side effects to society. This occurs because competition among each lob-
bying group increases and this decreases the efficient outcome. Secondly, they explain
that in general, the decentralized disclosure policy might be beneficial for the groups
unless the policy outcomes are too sensitive to lobbying expenditures. Fu et al. (2011)
examine a contest where the number of contestants is stochastic. The contest orga-
nizer’s aim is to maximize the expected total efforts and to do that he has to decide
whether disclose or conceal the actual number of contestants to participants. They
find that the contest organizer should fully disclose (fully conceal) the information
when the characteristic function is strictly concave (convex). Similarly, Fu et al.
(2016) study disclosure policy in Tullock (1980) contest when the participation to
contest is exogenously stochastic. Different from Fu et al. (2011), in this work, they
use a generalized Tullock (1980) contest structure and look for the optimal disclosure
policy by allowing asymmetries across contestants. These asymmetries are both val-
uation of the prize and the contestant’s entry probabilities. They mainly show that
the optimal disclosure policy depends on both contestants’ valuation of the prize and
their entry probabilities but they point out that the optimal disclosure policy does
not depend on the prevailing precision of the Tullock (1980) contest.

Last but not least, the transmission mechanism of information disclosure plays a
significant role. In this study, by following Zhang and Zhou (2016), we use Kamenica
and Gentzkow (2011)’s seminal paper for the information disclosure. As Taneva
(2019) defines, Bayesian persuasion can be seen as a cheap talk game with commit-
ment. In Kamenica and Gentzkow (2011), the authors introduce a very important
assumption. To prevent possible incentive compatibility issues, they assume that
the sender cannot change or conceal information once the signal is realized. In their
model, there are two players namely the sender and receiver in which the sender wishes
to persuade the receiver to change the receiver’s action. In this study, the authors
find and show the necessary and sufficient conditions for the existence of (optimal)
signal structures that yield benefits to the sender from the persuasion mechanism by

using convex analysis. They also show the conditions for both full disclosure and no
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disclosure of information in the equilibrium.

3.3 The Model

There are two risk-neutral contestants i € N = {1,2}?, competing for an endogenous
prize consisting of both a fixed prize Il and a function of (productive) efforts. Con-
testants exert irreversible efforts e; > 0 where ¢« € N simultaneously. We use classical

Tullock (1980) type of contest success functions given as

G if €; 7é 0
p(@l) = EjGN €j
1 :
5 ife; =0

Under complete information the expected utility for each contestant i:

e.
ui(ei, e5) = Z—Z

(IL+ 0 f(e; + €5)) — cie; (3.1)
jen €j

where II is the fixed portion of the prize, n is marginal return of total productive
efforts similar to Amegashie (1999). In Amegashie (1999), the endogenous part of
the prize consists of only one contestant’s effort level. However, in our case, the en-
dogenous part is simply the sum of all contestants’ effort levels. Note also that efforts
are productive because different from fixed prize II, competing efforts, resources, or
lobbying efforts constitute an additional surplus over the fixed prize.Moreover, for
simplicity, we assume that f(D>_.e;) = > .e; and ¢; denotes the marginal cost of ex-
erting effort level for each player. In the model, we also assume that n < min{cy, c2}
that is to say we bound the endogenous part of the prize from the above.

Before introducing the persuasion mechanism, we first suppose that our model is
one-sided incomplete information and mainly benefits from Zhang and Zhou (2016)

but there are differences between our model and Zhang and Zhou (2016). First,

incomplete information stems from the marginal cost of exerting productive effort

2Note that N denotes the set of contestants.
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in our model. Second, the total prize for the competition is not fixed and it is
endogenous. One of the prize components in our model consists of exerted efforts of
the contestants. That is why efforts are considered productive.

Suppose that the first contestant’s marginal cost of exerting effort ¢; is common
knowledge but the second one’s marginal cost of exerting effort is his private infor-
mation. In the next chapter, we also try to find new outcomes when the game is
two-sided incomplete information.

We now introduce the contest organizer who can precommit a signal to influence
the uninformed player’s belief about the other player. The main aim of the contest
organizer is to maximize the expected total effort level exerted by all contestants. In
that sense, we aim to find the conditions that the contest organizer should disclose
information to uninformed contestants under the one-sided information.

Suppose that contestant 1’s valuation of marginal cost is ¢; = ¢ and common
knowledge, and contestant 2’s valuation of marginal cost is ¢ is his private information
and ¢y which is a random variable on Q with two different values, Q = {cy, cap } where
ey < con. Also A(Q) = {u € R, > 0,32yt = 1} is the standard simplex in
R?. Note that each point p € int(A()) is identified as a probability distribution
on Q where int(A(2)) denotes the interior of the simplex. We also denote the prior
distribution of ¢y as pp and we assume g € int(A(Q).

The timing of the game: Timing of the game is similar with Zhang and Zhou

(2016). Thus, we have the following order:

1. The contest organizer chooses and precommits to a signal w. A signal 7 consists

of a finite realization space S and a family of distributions {7(.|c2;)}eyeq for

ie{l,h}.
2. Nature moves and draws a valuation for contestant 2- say co;

3. The contest organizer carries out his commitment and a signal realization s € S

is generated according to 7(s|co;)
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4. The signal realization s is observed by everyone and leads to a posterior belief

about contestant 2, p, € A()

5. The contest begins and both contestants choose their productive efforts simul-

taneously

Note that according to the timing of the game, the first part is considered a part
of Bayesian persuasion, and the last part is basically a posterior rent-seeking contest
game. In the Bayesian Persuasion part, the contest organizer’s problem is to choose
the optimal signal 7 to maximize the expected total effort levels. In the last stage,
the contestants’ main objective is to determine and exert their productive efforts to
increase the winning probability of the prize.

By following Kamenica and Gentzkow (2011), a signal 7 induces:

(s|eai) po(ca;)
ZCQUJEQ 7(s|e2w) to(Cow)

fs(c2i) =

Z Z |C2w ,U/O C2w)

Us €2, ESD
Note that 7 € A(A(S)) is also the distribution of posteriors. That is 7 is the new
random variable that assigns probabilities to the posterior distribution of the beliefs.
As Kamenica and Gentzkow (2011) state in their work, Bayesian rationality im-
poses that 7 should be Bayes-plausible. That is expected posterior probability equals

the prior. In other words, beliefs should be martingale:

Z put (@) = Ho

Supp(T)

Kamenica and Gentzkow (2011) show that to be able to find the optimal signal
7, we need to look for Bayes-plausible distribution of posteriors 7 which maximizes
the expected value of the posterior expected total effort level. That is to say, we try

to find the solution of the following system:
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max F,TE(u) subject to Z pt(p) = o (3.2)

Supp(T)

Note that FE,TE(u) denotes the expected total productive efforts. By Kamenica
and Gentzkow (2011) and Zhang and Zhou (2016), we know that finding the optimal
signal from the above maximization problem is equivalent to finding the concave
closure (concavification) of expected total effort at the prior. Therefore, in this study,
we mainly follow this solution strategy in our analysis as Zhang and Zhou (2016) did.
In this regard, we first find the posterior optimal productive efforts in the equilibrium
and then find the posterior expected total productive efforts. In the end, we mainly
try to find the concave closure of the expected total productive efforts.

In the posterior contest game, we know that the first contestant’s marginal cost
of exerting productive effort is common knowledge and ¢. On the other hand, the
second contestant’s marginal cost of exerting productive effort is co; € {coy, con} and
let o = (8,1 — P) and p, = (o, 1 — ) denote prior and posterior distribution for
each state. Note that after observing the signal, the first contestant updates his prior
beliefs 1y to posterior beliefs p, according to Bayes’s rule. In this work, our aim is
not to find what the optimal signals are, but instead, our aim is to find under what
conditions a contest designer discloses information to the uninformed party.

We begin our analysis by finding the optimal productive effort levels of the con-
testants when the prize is endogenously formed and one-sided incomplete information
exists.

Proposition 1: Suppose we have one-sided incomplete information rent-seeking
game with two contestants, where contestant 1’s marginal cost of exerting productive
effort level is common knowledge as ¢, and contestant 2’s marginal cost of exerting
productive effort level is his private knowledge and distributed according to p, € (o, 1—
a) on (cy, cap). There ezists a unique pure strateqy equilibrium in which contestant 1

exerts:
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¢+ acy + (1 — a)eap, — 21

\/ﬁ(a\/c% —n+ (1 —a)/cop — n)] ’

and contestant 2 exerts:

*
_ 611_[ *
—e] and ¢ = —e]
Cop — 1] Coy — 1

e, =

Moreover, the expected total productive efforts in the equilibrium:

TE(a) =TI (Ch/czz —n+ (1 —a)y/cop — 77) (Om/czh —n+(1- O‘)W)

¢+ acy + (1 — a)cop — 21 \/(021 —n)(c2n —n)

Note that the proof of this proposition and subsequent outcomes can be found
in the appendix. Different from classical rent-seeking literature, we introduce both
endogeneity (via productive efforts) and incomplete information in our model. It can
be seen that expected total (productive) efforts depend on not only the fixed prize
IT and ¢, but also the distribution of posterior beliefs on (¢, cap), and the marginal
return of the endogenous part of the prize, 7.

It is important to point out that given «, ¢, co; and cg, an increase in marginal

TE
> 0.
on

This is intuitively expected and makes sense because even though exerting effort is

return of productive efforts increases the expected total effort that is to say

costly, now exerting effort also produces a positive surplus which is proportional to
the 7.

Now, by following Zhang and Zhou (2016), we try to find the concave closure of
the expected total productive efforts to find the conditions that whether the contest

organizer should disclose the information or not.
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Proposition 2: The posterior expected total productive effort is:

strictly concave if ¢ > \/coy — N\/Cap — N+ N

linear if Cc=/Cu—nycan—n+N

strictly convex if ¢ < ~/Co — N\/Can — N+

\

Proposition 2 basically shows the conditions for the concavity /convexity of pos-
terior expected total productive efforts. Thus, the following corollary mainly distin-
guishes the conditions for the contest designer to disclose information or not.

Corollary: In the equilibrium, the contest designer gives the information disclo-

sure decision according to the following:

Any signal is optimal if c= /ey — /o —n+1

No information disclosure is optimal  if ¢ > \/coyy — n\/con — N+ 1

Full information disclosure is optimal if ¢ < \/coy — n\/Can — N+ 1

\

Note that if the posterior expected total productive efforts are strictly concave then
the contest designer basically does not disclose the information because the concave
closure of a strictly concave function is itself. Also, as Zhang and Zhou (2016) show, if
the posterior expected total efforts are strictly convex, then full information disclosure
becomes optimal. Especially, it makes sense and intuitive when the type set consists
of two different types because one can graph and see that co(TE(a)) > TFE(a)?
when the TE(«) is strictly convex. Note that if n = 0, then the model converges
into an exogenous model. In this case, our model becomes similar to Zhang and
Zhou (2016) but the main difference is, in their model, one of the contestants has
a different valuation over the winning the competition, and both contestants have a
unit marginal cost of exerting effort. However, in our model, while the prize is fixed,

the marginal cost of exerting effort is different than unity and creates incomplete

3co(TE(a)) denotes the concave closure of posterior expected total productive efforts.
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information among the contestants.

Note also that the introduction of endogeneity brings important implications re-
lated to the information disclosure decisions. First, suppose that 7 = 0. Then, only
the comparison of the marginal cost of exerting efforts becomes sufficient and this
comparison mainly becomes important in the decision of information disclosure. A
similar point to our argument is already discussed in Zhang and Zhou (2016) and
they mainly refer to Dixit (1987), Nti (1999), and Denter et al. (2011) to explain
their intuition. In this regard, contestants exert higher amounts of effort when their
types are close to each other and their exerting equilibrium strategies become either
complements or substitutes when the contestant is either “stronger” or “weaker” in
terms of their types of the marginal cost of exerting efforts. Thus, if the model has
a fixed prize, and if the incomplete information comes from the marginal cost of

exerting effort, then we have:

Any signal is optimal if ¢ = \/coi\/Can

§ No information disclosure is optimal  if ¢ > /Co\/Con

Full information disclosure is optimal if ¢ < \/co\/Con

\

However, if the endogeneity is introduced, that is to say, if 7 # 0, then the above ex-
pression is not valid. Because in this case, the condition for the information disclosure
decision depends not only on the comparison of the marginal cost of exerting efforts
but also on the marginal return of exerting the productive efforts. In the exogenous
model, i.e., when n = 0, the first contestant decides his effort level by comparing
his marginal cost with his rival. However, if n # 0, then, both contestants do take
into consideration the existence of 7. This happens because we have an increase in
the size of the surplus or total prize by the fixed proportional amount 7 of the total
exerted sum of efforts. In that sense, if the rent is endogenous, then the optimal
effort levels depend not only on the fixed prize and marginal costs but also on the

marginal benefit of total productive efforts. That is why different from the exogenous
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case, information disclosure depends on both marginal costs and 1. Moreover, from
the perspective of the contest designer, this result plays an important role. Because
the efforts are productive in the model, that is to say, it creates a positive surplus
addition to the fixed prize, this causes to narrow down the condition for the infor-
mation disclosure compared to the exogenous model. It occurs because efforts are
productive, for the first contestant, it is not that important to compare his marginal
cost with his opponent’s possible different values compared to the exogenous model.

It is easy to show why the endogenous model narrows down the information dis-
closure decisions compared to the exogenous model. In the exogenous model, the

cut-off point for the decision call is determined by comparing ¢ with ,/cgcon, and in

the endogenous model, we compare ¢ with \/(co — 1)(car, — 1) + 1. Then, it is easy

to show that the below inequality holds:

V(e —n)(can —n) + 1 < V/eucan

As it can be seen that compared to the exogenous model, the pivotal point for the
information disclosure decision becomes smaller in the endogenous model. This ba-
sically occurs because efforts also add some surplus over the fixed prize, the first
contestant does not care much for the second contestant’s types compared to the ex-
ogenous case. Because in the endogenous model, the first contestant knows that even
he does know the exact type of the second contestant, the second contestant now has
the incentive to exert higher efforts compared to the exogenous case because exerting

efforts now also increases the prize.

3.4 Extension: A Comment on the Two-Sided Incomplete Information

In this part, we aim to consider two-sided incomplete information. In our setup,
we consider two risk-neutral contestants i, where i € {1,2} with two different types

¢; € {cy, cin} for each i. Even though each contestant knows his own true type, and
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has the same marginal cost structure as his rival (¢, or ¢;), they can not observe, their
rival’s type. We assume that they both have a common prior belief, py = (0.5, 0.5).
Due to its complex structure, we try to be as simple as possible. That is why we
consider the simplest case i.e., a symmetric case similar to Fey (2008). In this part,
we assume that the fixed part of the prize normalized to one and efforts are productive
which means they also increase the surplus.

In the posterior contest game, each contestant ¢ has the posterior beliefs on the
(ci, cin) and say p;, = (8,1 — f;) for i € {1,2}.

In the posterior contest game, the expected utility for the contestant ¢ becomes:

€; €;

Bi

(I +nlei +ei) + (1= 5) (1 +n(e; +ejn)) — cies

€; + €l €; + €jh

Note that similar to the first part n represents the marginal benefit of aggregate
productive efforts and n < ¢;. Then, the first-order condition for the contestant ¢
yields:

e .

Bi CETHE + (1 — 5¢)(€i+—ejh>2 =c¢—n (3.3)

Note that equation (3.3) induces different first-order conditions because e; can be
either e; and e;,. for each i € {1,2}. Here, due to the complexity of the solution,
we focus on the symmetric solution as in Fey (2008). In this case, we have f; = £,
eiq = e and e, = ey, for each i € {1,2}.

By using the (3.3), in the symmetric case, if the contestant is low-type, we have:

s €hn
46[ ( 6) (6[ + Gh)2 : g ( )
and similarly, if the contestant is high-type then:
1 —
“ + 1-5) =cp—1 (3.5)

5(61 + €h)2 4€h
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Benchmark (Fey (2008)): Suppose 8 = 0.5 and n = 0, then we have unique

symmetric equilibrium such that

C C C C
4= 4 (14 2y 4= 4 (14 22
# Ch Ch * Ch Ch
e = a and e; = 7
86[(1 + —>2 8Ch(1 + —)2
Ch, Ch

Note that, as a benchmark, if 7 = 0.5, and if the efforts are not productive then
the optimal effort levels become as in Fey (2008). In our case, however, it is not
that easy to solve the optimal effort levels because of the existence of the g variable
and non-linear first-order conditions. That is why it is not easy to find a way to
characterize the decisions for information disclosure. In that sense, in our analysis,
we only give intuitive predictions, not exact analytic results.

First, we try to derive the expected total effort level as we did in the first part.

Note that it is easy to show that by using (3.4) and (3.5), we find:

4(1 = B)(ch —men — 1428
4B(c; —m)

e =

Thus, expected total efforts become:

TE() = 25+ (1 - Bley) = - HETAZIIRZ LTz

As it can be seen from the above, TE(/3) depends also on e, (). Normally, we should

solve and find the exact e, by using one of the first-order conditions. However, it
is not easy to find analytical solutions because of the nonlinearities of the first-order
conditions. That is why we try to assess the possible conditions by intuitive facts. If

we check the concavity/convexity of the TE(3), we get:

den+a—2n)(1—=p)— —ep) +2
TE® = .

and
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a2€h

re'(g) = 22X AZI %y 1Tt

P R (3.7)

From (3.7), it is not easy to conclude whether the expected total effort is strictly
concave or convex. However, if we suppose that if 7 is given, the difference between
¢, and ¢; is so high, then we can say that as [ increases optimal effort level of the high
type decreases. Its intuition is the following. If a contestant has a lower marginal
cost of exerting effort, then in the equilibrium he exerts higher effort compared to
the one who has a higher marginal cost of exerting effort. In that sense, if the g
increases, the contestant realizes that his opponent’s probability of being low type
increases. Hence, in the equilibrium, the high-type contestant’s optimal effort level
might decrease in the equilibrium. On the other hand, if the difference between the
marginal cost of exerting efforts is not that high, then as the 3, increases, the high-
type contestant’s optimal effort might increase too. This occurs because of the fact
that as the difference between ¢, and ¢; is small enough, then from the perspective
of high type contestant, as the probability of being his opponent’s marginal cost of
exerting effort becomes lower, the high-type contestant might think that his rival
probable to exert higher efforts. Since their marginal cost of exerting effort levels are
close to each other, then in the equilibrium, high type contestants might also exert
higher effort in the equilibrium.

In the end, assume that n is known and fixed, and if the difference between cy,
and ¢; is so high and ey, is strictly decreasing and convex in /3, then we can conclude
that the expected total effort becomes strictly convex. Thus, the contest designer can
disclose the information. However, if the difference between the marginal costs is close
to each other and if e;, is strictly concave in 3, then we can not conclude whether
the expected total effort becomes strictly concave or convex because e, might be
increasing in 3. All in all, to be able to make a more exact and true analysis, we
should solve and find the optimal effort levels for the high and low types of contestants

explicitly. However, as we show above, we are not certain that analytically solving
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the optimal effort levels is easy due to the complex structure.

In general, what we possibly observe is the following. In the two-sided incomplete
information set-up, we have the non-monotone relationship between the optimal effort
(ep) and . This would possibly generate non-unique equilibria paths for the optimal
effort levels. That is why, it would be difficult to show whether the total expected
efforts are strictly concave or convex in #. Thus, in a two-sided incomplete information
set-up, it would be complicated to conclude on whether the contest designer should

disclose or conceal the information.

3.5 Conclusion

In this study, we examine information disclosure with Bayesian persuasion in rent-
seeking contests when the prize is endogenously determined. Different from conven-
tional unproductive efforts in rent-seeking contests, we offer productive efforts. In
our model, the rent of the game is the sum of both a minimum fixed prize and a
function of an aggregate sum of efforts. In that sense, as far as we know, our work is
the first study that examines the optimal effort levels in rent-seeking contests when
the efforts are productive. Different from Zhang and Zhou (2016), incomplete in-
formation stems from marginal costs, efforts are productive (endogenous rent), and
we also try analyzing the optimal information disclosure condition under two-sided
incomplete information. Our main findings reveal that under one-sided incomplete
information, different from an exogenous rent model, information disclosure decision
depends on both the marginal costs of exerting efforts and the marginal benefit of
aggregate exerted effort. We mainly find that because the efforts are productive and
generate an additional positive surplus, the introduced endogenous model basically
narrows down the condition for the information disclosure compared to the exogenous
rent model. In the second part, we introduce the two-sided incomplete information
to our model. Due to its difficult nature, it is difficult to find analytic solutions for

optimal effort. Instead, we introduce a numerical model. We mainly find that there
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is a non-monotone relationship between the optimal effort level and beliefs. Thus, we
can not introduce certain conditions for the information disclosure decision for the

contest designer.
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3.6 Appendix

Proof of Proposition 1: In the posterior contest game, after the signal realization,
the first contestant updates his prior beliefs yiy to y, = (o, 1— ). Then, the expected

utility for the first contestant:

(1 —a)e;
e1 + eap

B0, = (2 ) @+t + ea) +

er + ey

) (H + 77(61 + 6%)) — Cceq (3.8)

First-Order Condition requires that:

[ aey (11— a)ezh] M—c—n (3.9)

(e1 +ex)?  (er + ean)?
Next, if we write down the second contestant’s problem (both for low and high types
separately):

For the low type of marginal cost, the expected utility for the second contestant

becomes :

€21
e + ey

EUZl - (H + 77<€1 —+ 62[)) — Co€9 (310)

Then, the first-order condition gives:

€1

—— Il =y — 3.11
(61 + 621)2 2 g ( )

By (3.11), it is straightforward to see that

€9 = — €1 (312)

—e (3.13)

Now, if we plug (3.12) and (3.13) into (3.9), we find the equilibrium productive
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effort level as:

*
€ =

\/ﬁ<am+(1—a)mr (3.14)

¢+ acy + (1 —a)eg, — 21

111
! — e and €5, =
Cor — 1) Con — 1)
Therefore, the expected total effort (denoted by T'E(«)) becomes:

Thus, we have €5, = —e].

TE(a) =€) +aey + (1 —a)ey, =

TE(a) =11 <

c+acy + (1 —a)ean — 21 \/(021 —n)(can — 1)

s (=) ) (am +(1- OWW) (3.15)

which completes the proof of Proposition 1.
From now, we write expected total productive effort as TFE(a) = I[IM(a)N(«a)

where

M(a) = <a\/621 —n+ (1 —a)ycap — 77> and N(a) = ay/cop — N+ (1 —a)y/ea — 1
c+acy + (1 —a)cap, — 27 \/(C2l —n)(can —n)
In the following lemma, we find the conditions where M («) is strictly increasing,
decreasing, and strictly concave or convex in a.
Lemma 1:

;

M'(a) >0and M (a) > 0if ¢ < \/co — \/Con — 1+ 17

M'(a) =0and M"(a) = 0if ¢ = \/co — n\/Con — 1 + 1

M'(a) < 0and M"(a) < 0if ¢ > \/cyy — \/Con — 11+ 17

\
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Proof of Lemma 1:

M'(a) _ (Vea —n — /e —n)(c+ acy + (1 — a)cop, — 2n) — (an/ca — 0+ (1 — a)/con — 1) (car — Can)

(c+ acy + (1 — a)cop, — 2n)?

(3.16)

If we rearrange (3.11), we find that M (a) > 0 if ¢ < \/ca — 11\/Can — 11 + 1, similarly

M'(a) < 0if ¢ > /ey — n/Can —n +nand M (a) = 0 if ¢ = \/co — ny/Can — 1 + 1.
For the concavity or the convexity of the M («): If we take the second derivative with

respect to a:

M"(a) = 2(cor — can) [(2n — con — €)/ca — 1 + (¢ + ca — 2n)\/Can, — 1))

(c+ acy + (1 — a)cap)? (3.17)

After simplifying (3.12), we see that M" (a) > 0if ¢ < \/co1 — nv/Con — n4+n, M (a) <

01if ¢ > \/coy — n\/can —m + 1 and M"(a) = 0if ¢ = \/coqy — nv/can — n + 1. To show

explicitly:

M"(a) >0 <= [(27 — cap — )\/Co — 11 + /Can — n(c+ coy — 27)] < 0 as (cy —

can) < 0. Then, it is obvious to show that

[(QU—Czh—C)\/CQZ—U—i-\/C2h—77(0+02l—277)] <0 <= c<eu—nvewn —n+n

. Note that similar arguments can also be applied for the cases when M (a) < 0 and
M"(a) = 0.

Proof of Proposition 2:

1"

TE"(a) = I(M" (&) N(a) + 2M ()N (a) + M(a)N" (a))

Note that N”(a) = 0 and by using Lemma 1, we conclude that TE(a) is strictly

convex if ¢ < /ey — n\/cor, — 1 + 1. Similarly, TE(«) becomes strictly concave if

¢ > \/coy — ny/can — 1 + 1. Lastly, expected total effort becomes constant or linear if

c=/ca—nycan — N+
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Proof of Benchmark (Fey (2008)):If efforts are not productive (n = 0) and

f = 0.5, then our model converges into Fey (2008)’s model. The first-order conditions

become:
1 €En
86[ 2(6[ + eh)2 :
and
1 €]

8er,  2(e;+ep)?
(3.18) and (3.19) can be rewritten as:

(6[ -+ €h)2 -+ 4€l€h = 8Cl€l<€l + €h)2

and

(el + Gh)Q + 4616h = 8ch€h(€l + Gh)2

respectively. From, (3.20) and (3.21) we have the following:

G
Cpep = Cie; Or ey = C—el
h

If we use (3.22) in the (3.20), it is obvious that
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