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Abstract

This paper investigates whether overconfident workers are more likely to win bo-

nuses or be promoted. To answer this question I consider a tournament where a

biased worker competes against an unbiased rival. An overconfident (underconfid-

ent) worker overestimates (underestimates) his ability. The main findings are as

follows. First, when workers are equally productive and the overconfident worker’s

bias raises (lowers) his perceived marginal probability of winning, the overconfident

worker is the favorite (underdog). Second, when the overconfident worker is less pro-

ductive than his rival, the bias can overturn his productivity disadvantage and make

him the favorite. Third, when workers are equally productive, the underconfident

worker is the underdog. Fourth, when the underconfident worker is more productive

than his rival, the bias can overturn his productivity advantage and make him the

underdog. These results clarify the conditions under which overconfident managers

are more likely to be promoted to CEO and higher male self-confidence leads men

to outperform women in tournaments.
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1 Introduction

Competition between workers in internal labor markets often takes the form of tour-

naments. Firms use tournaments to incentivize effort provision—a bonus or free vaca-

tion for the top salesperson—and to promote staff—workers compete to become man-

agers and managers to become CEOs (Malcomson 1986, Gibbons and Murphy 1990,

Baker et al. 1994, Murphy et al. 2004, Harbring and Lünser 2008). In academia,

institutions often use tournaments to incentivize publications—a monetary bonus or

a teaching reduction for the top researchers.

In a typical labor market tournament, workers compete by choosing effort. Higher

effort leads to higher output and the worker with the highest output wins the tour-

nament. In equilibrium, workers should increase their effort level up to the point

where the marginal benefit of doing so– the marginal probability of winning the

tournament times the utility differential between winning and losing– equals its in-

cremental cost– the marginal disutility of effort (Lazer and Rosen 1981, Nalebuff

and Stiglitz 1983).

The benchmark tournament model assumes workers have rational (or unbiased)

perceptions of their winning probabilities. However, workers’perceptions may be

biased due to misperceptions of their abilities. In fact, evidence from psychology and

economics shows that humans tend to be overconfident.1 Moreover, overconfidence

had been shows to affect labor market behavior and outcomes (Sautmann 2013,

Dargnies et al. 2019, Hoffman and Burks 2020, Santos-Pinto and de la Rosa 2020).2

1A majority of people believe they are better than others in a wide variety of positive traits and

skills (Myers 1996, Santos-Pinto and Sobel 2005). Examples include car drivers (Svenson 1981),

entrepreneurs (Cooper et al. 1988), judges (Guthrie et al. 2001), CEOs (Malmendier and Tate 2005,

2008), fund managers (Brozynski et al. 2006), currency traders (Oberlechner and Osler 2008), poker

and chess players (Park and Santos-Pinto 2010), CFOs (Ben-David et al. 2013), marathon runners

(Krawczyk and Wilamowski 2017) and freedivers (Lackner and Sonnabend 2020).
2Moore and Healy (2008) distinguish between three types of overconfidence: (i) overestimation

of one’s absolute skills or performance, (ii) overestimation of one’s relative skills or performance

(overplacement or the “better-than-average”effect), and (iii) excessive confidence in the precision of
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In particular, laboratory and field evidence shows that overconfidence matters

for entry and behavior in tournaments. Men tend to enter tournaments more often

than women due to their higher self-confidence (Niederle and Vesterlund 2007).3

Experimental participants are more likely to select into tournaments the more they

overplace themselves (Dohmen and Falk 2011). An experimental participant’s self-

confidence causally increases that participant’s propensity to enter a tournament

(Möbius et al. 2022). Managers of a chain of food-and-beverage stores competing in

high-stakes tournaments are persistently overconfident (Huffman et al. 2022).

The evidence also shows that gender and socio-economic differences in confidence

are important determinants of educational and career choices (Kamas and Preston

2012, Buser et al. 2014, Dreber et al. 2014, Wiswall and Zafar 2015, Reuben et al.

2017, Guyon and Huillery 2021). For example, gender differences in self-confidence

and competitiveness are correlated with boys choosing more prestigious academic

tracks than girls (Buser et al. 2014).4 Boys are significantly more likely to choose to

compete in a mathematical task than girls due to their higher self-confidence (Dreber

et al. 2014).5

This paper investigates whether overconfident workers are more likely to win bo-

nuses or be promoted. More precisely, the paper addresses the following questions.

First, is a biased worker more likely to win a tournament than an unbiased worker?

Second, can overconfidence make a less productive worker the most likely to winner?

one’s private information, estimates, and forecasts (overprecision or miscalibration). In this paper

I consider overconfidence of the first two types.
3Niederle and Vesterlund (2007) find that, despite there being no gender differences in perform-

ance, 73 percent of the men select to enter a tournament but only 35 percent of the women make

this choice. A large part of the gender gap in tournament entry is due to men being substantially

more overconfident about their relative performance than women.
4In addition, Buser et al. (2014) find that controlling for performance, girls are about 23

percentage points less likely to enter the tournament. Slightly over 30 percent of this gender gap

can be explained by gender differences in confidence.
5Balafoutas and Sutter (2012) and Niederle et al. (2013) show experimentally that policy inter-

ventions that increase female participation in competitions can be welfare improving.
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Third, can underconfidence make a more productive worker the less likely winner?

Fourth, are overconfident managers more likely to be promoted to CEOs than un-

biased ones? Fifth, are men more likely to win tournaments than women because

they display higher self-confidence? Sixth, is it men being overconfident or women

being underconfident the reason why men are more likely to win tournaments than

women? Seventh, what is the welfare impact of over and underconfidence for the

firm and for the workers?

Section 3 sets-up the model. Two workers compete in a tournament. Each worker

chooses an effort level independently and simultaneously. Effort, ability, and random

shocks determine who produces the highest output or who attains the best perform-

ance. Output increases in effort and ability, and the marginal product of effort

increases in ability. The workers have identical preferences, that is, they have the

same utility function and outside option. The workers differ in their beliefs about

their abilities. One worker is overconfident (underconfident) in the sense that he

overestimates (underestimates) his ability and the other worker is unbiased. The

unbiased worker knows about the rival’s bias and optimally reacts to it.6 I define as

the favorite (underdog), the worker with the higher (lower) probability of winning in

equilibrium. The workers can have symmetric or asymmetric production technolo-

gies. When workers have identical technologies, the worker who exerts the greatest

effort is the favorite. When workers have different technologies, the favorite’s iden-

tity depends on the efforts exerted by both workers as well as on their productivity

difference.

Section 4 considers a tournament where an overconfident worker competes against

an equally productive unbiased rival. Proposition 1 shows that when the bias raises

the overconfident worker’s perceived marginal probability of winning, he exerts more

effort than the rival and hence is the favorite. When the opposite happens, the

overconfident worker exerts less effort than the rival and hence is the underdog. This

6To be able to derive equilibria when players hold mistaken beliefs I follow the approach of

Squintani (2006). This is explained in detail in Section 3.

4



result shows that the type of overconfident bias matters to determine whether an

overconfident worker is more likely to win a bonus or be promoted than an equally

productive unbiased rival. Proposition 1 has welfare implications. The firm is better

off (worse off) when the overconfident worker’s bias raises his perceived marginal

probability of winning and his increase in effort is greater (smaller) than the decrease

in effort of the rival. The firm is worse offwhen the overconfident worker’s bias lowers

his perceived marginal probability of winning since both workers exert less effort than

if both were unbiased. The bias makes the overconfident worker better off (worse off)

when its strategic effect is greater (smaller) than its direct effect. The bias makes

the unbiased worker better off (worse off) when it lowers (raises) the effort of the

overconfident worker.

Section 5 considers a tournament where an overconfident worker competes against

a more productive unbiased rival. This set-up allows me to address the following three

questions. First, can overconfidence increase the effort provision of both workers?

Second, can the overconfident worker think, mistakenly, he is the favorite when he

is the underdog? Third, can the overconfident worker’s bias overturn his productiv-

ity disadvantage and make him the favorite? Proposition 2 shows that the answer

to these questions is yes. When the overconfident worker’s bias is small and raises

his perceived marginal probability of winning, the effort of both workers increases

with the bias. When the overconfident worker’s bias lowers his perceived marginal

probability of winning, the overconfident worker is the underdog but thinks, mis-

takenly, he is the favorite. Finally, when the overconfident worker’s bias is large and

raises his perceived marginal probability of winning, it can overturn his productivity

disadvantage and make him the favorite.

Sections 6 considers a tournament where an underconfident worker competes

against an equally productive unbiased rival. Proposition 3 shows that the under-

confident worker exerts less effort than the rival and hence is the underdog. Under-

confidence lowers the effort provision of both workers which makes the firm worse

off. Propositions 1 and 3 show that the impact of overconfidence and underconfid-
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ence on a worker’s chances of winning a bonus or being promoted are asymmetric.

While overconfidence can raise a worker’s chances of winning a tournament when

he competes against an equally productive unbiased rival, underconfidence always

lowers them.

Section 7 considers a tournament where an underconfident worker competes

against a less productive unbiased rival. This set-up allows me to address the fol-

lowing three questions. First, can underconfidence increase the effort provision of

an underconfident worker? Second, can an underconfident worker think, mistakenly,

he is the underdog when he is the favorite? Third, can the underconfident worker’s

bias overturn his productivity advantage and make him the underdog? Proposition

4 shows that when the underconfident worker’s bias is small, his effort provision in-

creases with his bias. Proposition 5 shows that when the underconfident worker’s

bias is moderate he is the favorite but thinks, mistakenly, he is the underdog. Fi-

nally, Proposition 6 shows that when the underconfident worker’s bias is large, it can

overturn his productivity advantage and make him the underdog.

The rest of the paper is organized as follows. Section 2 explains the paper’s con-

tribution to the literature. Section 3 sets-up the model. Sections 4 and 5 derive the

results for overconfidence under symmetric and asymmetric technologies, respect-

ively. Sections 6 and 7 derive the results for underconfidence under symmetric and

asymmetric technologies, respectively. Section 8 shows the main results still hold

when the unbiased worker is unaware of the rival’s bias. Section 9 concludes the

paper. All proofs are in the Appendix.

2 Contribution to the Literature

This study relates to three strands of literature. First, it contributes to the fast grow-

ing literature on tournaments, gender, and confidence.7 Knowing whether men and

7Waldman (1994) provides an evolutionary explanation for gender differences in self-confidence.

Murphy et al. (2015) show that overconfidence plays a role in mate competition and acquisition in
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women behave differently in tournaments is of great economic importance because

tournaments are ubiquitous, especially for selecting top managers and CEOs. Labor-

atory based evidence shows that gender is sometimes associated with differences in

performance in tournaments and in self-confidence. Men tend to outperform women

in mixed tournaments (Gneezy et al. 2003), men tend to enter tournaments more

often than women (Niederle and Vesterlund 2007, Niederle et al. 2013, Buser et al.

2014, Möbius et al. 2022), and men are more confident than women in some tasks

(Bengtsson et al. 2005, Dreber et al. 2014, Ring et al. 2016, Bordalo et al. 2019).

My study clarifies the conditions under which higher male self-confidence leads

men to outperform women in tournaments. Consider a tournament where an over-

confident man competes against an unbiased woman. Proposition 1 shows that if

both are equally productive, and the man’s overconfidence bias raises his perceived

marginal probability of winning, he exerts more effort than the woman and hence

is favorite. In contrast, when the reverse happens, the man exerts less effort than

the woman and hence is the underdog. Thus, when an overconfident man competes

against an equally productive unbiased woman, the man is not necessarily more likely

to win a bonus or be promoted. Proposition 2 shows that if the man is less productive

than the woman, and his overconfidence bias raises his perceived marginal probab-

ility of winning, the man is the underdog when his bias is small but becomes the

favorite when his bias is large. Thus, when an overconfident man competes against

a more productive unbiased woman, the man’s chances of wining a bonus or being

promoted can be higher than the woman’s.

Now consider a tournament where an underconfident woman competes against

an unbiased man. Proposition 3 shows that if both are equally productive, the

woman will exert less effort than the man and hence is the underdog. Thus, when an

underconfident woman competes against an equally productive unbiased man, the

woman’s chances of winning a bonus or being promoted are lower than the man’s.

Propositions 4, 5 and 6 show that if the woman is more productive than the man, the

the presence of intrasexual competition.
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woman is the favorite when her bias is small or moderate but becomes the underdog

when her bias is large. Thus, when an underconfident woman competes against a

less productive unbiased man, the woman’s chances of winning of bonus or being

promoted can be lower than the man’s.

Overall, my study shows that the type of self-confidence bias displayed by males

and females plays a critical role in determining whether a man has a higher or lower

chance of outperforming a women in a tournament. Moreover, they also shed light

on the mechanisms which can lead men to be more likely to win a bonus or be pro-

moted than women. Is it that men exert more effort because overconfidence leads

them to overestimate the marginal probability of winning? Or, do women exert less

effort because underconfidence leads them to underestimate the marginal probability

of winning? Clarifying the relevance of these two mechanisms is important because

different policy implications arise depending on whether men being overconfident or

women being underconfident drives the results. Propositions 1 and 3 show that the

effects of male overconfidence and female underconfidence are asymmetric. Whereas

overconfidence can either raise or lower a man’s chances of winning a tournament

against an equally productive unbiased woman, underconfidence always worsens a

woman’s chances of winning a tournament against an equally productive unbiased

man. Propositions 2 shows that overconfidence can make a man have a higher chance

of winning a tournament than a more productive unbiased woman. Proposition 6

shows underconfidence can make a woman have a lower chance of winning a tourna-

ment than a less productive unbiased man.

Second, my study also contributes to the literature on CEO overconfidence. This

literature started with the seminal contribution by Malmendier and Tate (2005)

which shows that CEOs of large U.S. companies generally overestimate their ability

to raise the company’s stock price and consequently they hold their stock options for

too long. The most closely related paper within this literature is Goel and Thakor

(2008). They study tournaments where overconfident and unbiased managers com-

pete against each other for promotion to CEO. The managers compete by choosing
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the level of risk of their projects and overconfident managers underestimate the risk

of their projects. Goel and Thakor (2008) find that overconfident managers have a

higher likelihood of being promoted to CEO than unbiased ones.

My study shows that the type of manager overconfidence matters for the likeli-

hood of being promoted to CEO. Proposition 1 shows that when an overconfident

manager competes against an equally productive unbiased manager, and the bias

raises the overconfident manager’s perceived marginal probability of winning, the

overconfident manager has a higher probability of being promoted to CEO. In con-

trast, when the bias lowers the overconfident manager’s perceived marginal probabil-

ity of winning, the overconfident manager has a lower probability of being promoted

to CEO. Proposition 1 implies that when an overconfident manager competes against

an equally productive unbiased manager, the overconfident manager is not necessar-

ily more likely to be promoted to CEO. My results differ from those of Goel and

Thakor (2008) due to two reasons. First, here managers compete by choosing effort

instead of risk. Second, here an overconfident manager overestimates his productivity

of effort instead of underestimating the risk of his project.

Third, my study contributes to the literature on tournaments with asymmetric

players. This literature finds that greater heterogeneity between players tends to

lower aggregate effort.8 Lazear and Rosen (1981) show that an increase in asymmetry

in effort costs lowers aggregate effort. Weigelt et al. (1989) find that when one player

has an unfair headstart over another, both players exert lower effort than symmetric

players. Schotter and Weigelt (1992) study the impact of equal opportunity laws

and affi rmative actions on effort provision. They find that policies that increase the

probability of winning for disadvantaged (high cost) workers reduce the effort they

exert when heterogeneity is low but increase the effort exerted by both advantaged

and disadvantaged workers when heterogeneity is high. Höffl er and Sliwka (2003) and

Dirk and Sliwka (2004) find that an increase in asymmetry in ability lowers aggregate

8However, Drugov and Ryvkin (2017, 2021) argue that heterogeneity in contests and tournaments

can either decrease or increase aggregate effort.
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effort. Harbring and Lünser (2008) show that an increase in the prize spread raises

effort provision in a tournament with heterogeneous competitors and that, for larger

prize spreads, weaker competitors exert higher effort than in a tournament with

identical competitors. Gürtler and Kräkel (2010) show that ineffi ciencies can arise if

the firm sets uniform prizes (i.e., prizes that are independent from workers’identity)

in a tournament with heterogeneous competitors while effi cient effort provision can

be induced if the firm sets individualized prizes.

My study considers tournaments where the players display an asymmetry in be-

liefs about ability: one player is biased and the other is unbiased. The players

can also differ in their production technologies. Proposition 1 shows that when an

overconfident player competes against an equally productive unbiased rival, and the

bias raises the overconfident player’s perceived marginal probability of winning, the

asymmetry in beliefs raises the effort of the overconfident player and lowers that of

the unbiased player. In contrast, when the bias lowers the overconfident player’s per-

ceived marginal probability of winning, the asymmetry in beliefs lowers the efforts

of both players. Proposition 2 shows that when an overconfident player competes

against a more productive unbiased rival, the bias raises the overconfident player’s

perceived marginal probability of winning, a small asymmetry in beliefs raises the ef-

forts of both players. In contrast, when the asymmetry in beliefs is large, it raises the

effort of the overconfident player and lowers that of the unbiased rival. Proposition

3 shows that when an underconfident player competes against an equally productive

unbiased rival, the asymmetry in beliefs lowers the efforts of both players. Finally,

Propositions 4, 5 and 6 show that when an underconfident player competes against

a less productive unbiased rival, a small asymmetry in beliefs raises the effort of the

underconfident player and lowers that of the unbiased rival. In contrast, a moderate

asymmetry in beliefs lowers the effort of the underconfident player and raises that

of the unbiased rival. In addition, a large asymmetry in beliefs lowers the efforts of

both players.
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3 Set-up

Consider two workers, 1 and 2, competing in a tournament. The worker who produces

the highest output receives the winner’s prize yW and the other receives the loser’s

prize yL, with 0 < yL < yW . The workers are weakly risk averse and expected utility

maximizers and have utility functions that are separable in income (yi) and effort

(ai):

Ui(yi, ai) = u(yi)− c(ai),

for i = 1, 2. I assume u and c are twice differentiable with u′ > 0, u′′ ≤ 0, c′ > 0,

c′′ > 0, c(0) = 0, c′(0) = 0, and c(ai) =∞, for ai →∞, where the last two conditions
ensure that equilibrium effort is strictly positive but finite. The two workers have an

outside option which guarantee each ū ≥ 0. I assume ū = 0 such that the workers’

participation is ensured.

When worker i exerts effort ai his output is given by

Qi = θai + εi, i = 1, 2, (1)

where θ is ability and εi is a unimodal random shock with zero mean. This output

function captures situations where effort and ability are complements in generating

output since ∂2Qi/∂ai∂θ > 0. This specification for output is chosen for its analytical

simplicity and is often used in the tournament literature (see Lazear and Rosen 1981,

Green and Stokey 1983, Akerlof and Holden 2012). The random variables ε1 and

ε2 are identically and independently distributed and represent individualistic noise.

Throughout, the contract must be signed before ε1, and ε2 are known; the workers

decide on a1 and a2, neither of which is observable to the firm. The probability

distribution of εi is known to both firm and workers.

The two workers can differ from one another in terms of their ability perceptions.

Worker 1 can be either overconfident or underconfident whereas worker 2 is unbiased.

An overconfident worker 1 overestimates his ability, that is, he thinks his output

function is

Q̃1 = λa1 + ε1,
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where λ > θ. Under this specification worker 1 perceives his marginal output is

increasing with his overconfidence bias λ, that is, ∂2Q̃1/∂a1∂λ > 0. This describes

situations where effort and ability are complements in generating output and where

an overconfident worker overestimates his ability. This way of modeling overcon-

fidence is often used in the literature that analyzes its impact on labor contracts

(Bénabou and Tirole 2002 and 2003, Gervais and Goldstein 2007, Santos-Pinto 2008

and 2010, and de la Rosa 2011). Alternatively, an overconfident player could under-

estimate his or her cost of effort.

An underconfident worker 1 underestimates his ability, that is, he thinks his

output function is

Q̃1 = (θ − λ)a1 + ε1,

where λ ∈ (0, θ). Under this specification worker 1 perceives his marginal output is

decreasing with his underconfidence bias λ, that is, ∂2Q̃1/∂a1∂λ < 0. This describes

situations where effort and ability are complements in generating output and where

an underconfident worker underestimates his ability. Throughout the paper I set

θ = 1 without loss of generality.

Following Squintani (2006) I assume: (1) a worker who faces a biased rival is aware

that the latter’s perception of his own ability is mistaken, (2) each worker thinks that

his own perception of his ability is correct, and (3) both workers have a common

understanding of each other’s beliefs, despite their disagreement on the accuracy of

their rival’s beliefs. Hence, workers’agree to disagree about their abilities. These

assumptions are consistent with the psychology literature on the “Blind Spot Bias”

according to which individuals believe that others are more susceptible to behavioral

biases than themselves (Pronin and Ross, 2002; Pronin and Kugler, 2007).

The firm is risk neutral and correctly assesses the workers’abilities. The firm’s

profits are the difference between expected benefits and compensation costs:

E[π] = E[Q1 +Q2]− (yL + yW ).

The timing of the events is as follows. The workers simultaneously and independently
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choose their effort levels. The firm observes the workers’ output realizations and

awards the prizes according to the prize schedule.

4 Overconfidence: Symmetric Technologies

This section studies a tournament where an overconfident worker competes against

an equally productive unbiased rival. The workers’outputs are given by

Qi = ai + εi, i = 1, 2.

Worker 1 mistakenly perceives his output is given by

Q̃1 = λa1 + ε1,

with λ > 1. Hence, worker 1’s perceived probability of winning the tournament is

P1(a1, a2, λ) = Pr(Q̃1 ≥ Q2)

= Pr(λa1 + ε1 ≥ a2 + ε2)

= Pr(ε2 − ε1 ≤ λa1 − a2)

= G(λa1 − a2),

and worker 2’s probability of winning the tournament is

P (a1, a2) = Pr(Q2 ≥ Q1)

= Pr(a2 + ε2 ≥ a1 + ε1)

= Pr(ε2 − ε1 ≥ a1 − a2)

= 1−G(a1 − a2).

Worker 1 chooses the optimal level of effort that maximizes his perceived expected

utility:

E[U1(a1, a2, λ)] = u(yL) +G(λa1 − a2)∆u− c(a1), (2)
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where ∆u = u(yW ) − u(yL). Worker 2 chooses the optimal level of effort that

maximizes his expected utility:

E[U2(a1, a2)] = u(yL) + [1−G(a1 − a2)]∆u− c(a2). (3)

Since the difference between the random shocks ε1 and ε2 will be crucial, I define

the random variable x = ε2 − ε1 with cumulative distribution function G(x) and

density g(x). I assume g(x) is unimodal, continuously differentiable, and strictly

positive everywhere. Because ε1 and ε2 are independent and identically distributed,

g(x) is unimodal and symmetric around zero.9 It also follows that g(x) satisfies

g(x) = g(−x), g′(x) > 0 for x < 0, and g′(x) < 0 for x > 0. Finally, g(x) is

maximized at 0 with g′(0) = 0.10

The first-order conditions of workers 1 and 2 are

∂E[U1(a1, a2, λ)]

∂a1
= λg(λa1 − a2)∆u− c′(a1) = 0, (4)

and
∂E[U2(a1, a2)]

∂a2
= g(a1 − a2)∆u− c′(a2) = 0, (5)

respectively. Hence, the second-order conditions of workers 1 and 2 are

∂2E[U1(a1, a2, λ)]

∂a21
= λ2g′(λa1 − a2)∆u− c′′(a1) < 0,

and
∂2E[U2(a1, a2)]

∂a22
= −g′(a1 − a2)∆u− c′′(a2) < 0,

respectively. A suffi cient condition for a unique pure-strategy Nash equilibrium to

exist is that

λ2g′(λa1 − a2)∆u < c′′(a1),∀a1, a2, λ (6)

9When the random shocks ε1 and ε2 are i.i.d., a suffi cient condition for the unimodality of g(x)

is that the pdf of εi is unimodal (Hodges and Lehmann 1954).
10For example, when ε1 and ε2 are normally distributed with mean 0 and variance σ2, then x is

normally distributed with mean 0 and variance 2σ2. See, e.g., Drago et al. (1996), Hvide (2002),

Chen (2003), among others.
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and

−g′(a1 − a2)∆u < c′′(a2),∀a1, a2. (7)

As it is known in the tournament literature, a pure-strategy Nash equilibrium will

only exist if there is suffi cient noise in the tournament and the cost function c(a)

is suffi ciently convex (Lazear and Rosen, 1981). Hence, existence of a pure-strategy

Nash equilibrium is assured when

λ2∆u sup
x
g′(x) < inf

a>0
c′′(a). (8)

Condition (8) ensures (6) and (7) are satisfied. Note that the lower is supx g
′(x)

the flatter is g(x) and hence the higher is the noise in the tournament. Note also

that 0 < c0 = infa>0 c
′′(a) defines a class of cost functions with a second derivative

bounded away from zero.11 Let a1 = R1(a2) denote worker 1’s best response obtained

from (4) and a2 = R2(a1) denote worker 2’s best response obtained from (5). Lemma

1 describes the shape of the workers’best responses.

Lemma 1: R1(a2) is concave in a2 and reaches a maximum for a2 = λa1. R2(a1)

is concave in a1 and reaches a maximum for a1 = a2.

Lemma 1 tells us that the workers’best responses are non-monotonic. Given

high effort of the rival, a2 > λa1, worker 1 reacts to an increase in effort of the

rival by decreasing effort; given low effort of the rival, a2 < λa1, worker 1 reacts to

an increase in effort of the rival by increasing effort. Given high effort of the rival,

a1 > a2, worker 2 reacts to an increase in effort of the rival by decreasing effort; given

low effort of the rival, a1 < a2, worker 2 reacts to an increase in effort of the rival by

increasing effort.

Lemma 2 describes how worker 1’s best response changes with his overconfidence

bias λ.
11Quadratic costs are, obviously, in this class since for c(a) = c0a

2/2 with c0 > 0 we have

c′′(a) = c0 > 0.
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Lemma 2: An increase in worker 1’s overconfidence λ leads to an expansion of his

best response function, ∂R1(a2)/∂λ > 0, for g(λa1 − a2) + λa1g
′(λa1 − a2) > 0, and

to a contraction of his best response function, ∂R1(a2)/∂λ < 0, for g(λa1 − a2) +

λa1g
′(λa1−a2) < 0. Moreover, the maximal effort worker 1 is willing to exert in the

tournament, amax1 , increases in worker 1’s overconfidence λ, and the maximal effort

worker 2 is willing to exert in the tournament, amax2 , does not dependent on worker

1’s overconfidence λ.

Lemma 2 characterizes how worker 1’s overconfidence shifts his best response.

This is determined by how the bias changes worker 1’s perceived marginal probability

of winning the tournament:

∂2P1(a1, a2, λ)

∂a1∂λ
= g(λa1 − a2) + λa1g

′(λa1 − a2). (9)

We see from (9) that worker 1’s perceived marginal probability of winning is com-

posed of two terms. The first term is positive since g(·) is a density function. The
second term is positive for high effort of the rival, a2 > λa1, and negative for low

effort of the rival, a2 < λa1. Hence, for high effort of the rival, (9) has a positive

sign and an increase in overconfidence shifts worker 1’s best response outwards. For

low effort of the rival, the sign of (9) is undetermined since the first term is positive

while the second is negative. Hence, there are two different ways overconfidence can

shift worker 1’s best response for low effort of the rival. When the first term is larger

than the absolute value of the second term, (9) has a positive sign and an increase in

overconfidence shifts worker 1’s best response outwards. Conversely, when the first

term is smaller than the absolute value of the second term, (9) has a negative sign

and an increase in overconfidence shifts worker 1’s best response inwards. In sum,

an increase in overconfidence expands worker 1’s best response for high effort of the

rival but can either expand or contract it for low effort of the rival.

A pure-strategy Nash equilibrium (a∗1, a
∗
2) satisfies the first-order conditions of

the two workers simultaneously and is given by

λg(λa∗1 − a∗2)∆u = c′(a∗1), (10)
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and

g(a∗1 − a∗2)∆u = c′(a∗2). (11)

A third useful lemma establishes the uniqueness of the equilibrium.

Lemma 3: The tournament has a unique pure-strategy Nash equilibrium.

Lemma 4 establishes an important feature of the pure-strategy Nash equilibrium.

Lemma 4: In the pure-strategy Nash equilibrium λa∗1 > a∗2.

This result shows that the product of the overconfident worker’s bias λ and his

effort is strictly greater than the effort of the rival in the pure-strategy Nash equilib-

rium. More importantly, Lemma 3 implies that worker 1’s best response is positively

sloped at equilibrium, R′1(a
∗
2) > 0. If λa∗1 > a∗2, then g

′(λa∗1 − a∗2) < 0, which, using

Lemma 1, implies R′1(a
∗
2) > 0. Finally, Lemma 4 shows that the equilibrium effort of

worker 1 is associated with a low equilibrium effort of the rival, λa∗1 > a∗2, and thus

an increase in overconfidence can either contract or expand worker 1’s best response.

Proposition 1 uncovers the effect of worker 1’s overconfidence on equilibrium

efforts and winning probabilities.

Proposition 1:

(i) If worker 1’s overconfidence raises his perceived marginal probability of winning,

∂2P1(a
∗
1, a
∗
2, λ)/∂a1∂λ > 0, then worker 1 exerts more effort than worker 2, a∗1 > a∗2.

Hence, worker 1 is the favorite since P1(a∗1, a
∗
2) > 1/2 > P2(a

∗
1, a
∗
2). Worker 1 exerts

more effort and worker 2 exerts less effort than if both were unbiased, a∗1 > a∗ > a∗2.

Furthermore, an increase in worker 1’s overconfidence raises the effort of worker 1

and lowers that of worker 2, ∂a∗1/∂λ > 0 > ∂a∗2/∂λ.

(ii) If worker 1’s overconfidence lowers his perceived marginal probability of winning,

∂2P1(a
∗
1, a
∗
2, λ)/∂a1∂λ < 0, then worker 1 exerts less effort than worker 2, a∗1 < a∗2.

Hence, worker 1 is the underdog since P1(a∗1, a
∗
2) < 1/2 < P2(a

∗
1, a
∗
2). Both workers

exert less effort than if both were unbiased, a∗1 < a∗2 < a∗. Furthermore, an increase

in worker 1’s overconfidence lowers the efforts of both workers and more so that of

worker 1, ∂a∗1/∂λ < ∂a∗2/∂λ < 0.
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Proposition 1 characterizes how worker 1’s overconfidence changes the equilibrium

efforts and winning probabilities of the two workers. Moreover, it shows that the

identity of the favorite depends on how the bias affects the overconfident worker’s

perceived marginal probability of winning the tournament.

Part (i) shows that the overconfident worker is the favorite when his bias raises

his perceived marginal probability of winning. In this case, the bias leads to an

outward shift of the overconfident worker’s best response and the unbiased worker,

anticipating the overconfident worker will raise his effort, decides to lower his effort

in response. Note that the overconfident worker anticipates, correctly, he will exert

more effort than the rival and, as a consequence, he is the favorite. In other words,

the overconfident worker’s perceived winning probability is greater than his true

winning probability and both are greater than 1/2:

P1(a
∗
1, a
∗
2, λ) = G(λa∗1 − a∗2) > P1(a

∗
1, a
∗
2) = G(a∗1 − a∗2) > 1/2

> P2(a
∗
1, a
∗
2) = 1−G(a∗1 − a∗2),

where the inequalities are due to λa∗1 − a∗2 > a∗1 − a∗2 > 0.

Part (ii) shows that the overconfident worker is the underdog when his bias lowers

his perceived marginal probability of winning. In this case, the bias leads to an

inward shift of the overconfident worker’s best response and the unbiased worker,

anticipating the overconfident worker will lower his effort, decides to lower his effort

but not as much. Interestingly, even though the overconfident worker anticipates,

correctly, he will exert less effort than the rival, he anticipates, incorrectly, he is the

favorite. In other words, the overconfident worker’s perceived winning probability is

greater than 1/2 whereas his true winning probability is smaller than 1/2:

P1(a
∗
1, a
∗
2, λ) = G(λa∗1 − a∗2) > P2(a

∗
1, a
∗
2) = 1−G(a∗1 − a∗2) > 1/2

> P1(a
∗
1, a
∗
2) = G(a∗1 − a∗2),

where the inequalities are due to λa∗1−a∗2 > 0 > a∗1−a∗2 and g(λa∗1−a∗2) < g(a∗1−a∗2).
To provide more intuition under which conditions the perceived marginal prob-

ability of winning increases or decreases with the overconfidence bias, I specialize
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the model by assuming the random shocks ε1 and ε2 are normally distributed with

mean 0 and variance σ2. This implies x = ε2− ε1 follows a normal distribution with
zero mean and variance 2σ2. In this case, worker 1’s perceived marginal probability

of winning is

∂2P1(a
∗
1, a
∗
2, λ)

∂a1∂λ
=

1

2σ
√
π
e
−
(
λa∗1−a

∗
2

2σ

)2 [
1− λa∗1(λa

∗
1 − a∗2)

2σ2

]
. (12)

Worker 1’s perceived marginal probability of winning is increasing (decreasing) with

his overconfidence bias λ when the sign of the derivative ∂2P1(a∗1, a
∗
2, λ)/∂a1 is positive

(negative). We see from equation (12) that the sign of ∂2P1(a∗1, a
∗
2, λ)/∂a1 only

depends on the term inside square brackets. Furthermore, we know from Lemma

3 that λa∗1 > a∗2. Hence, the derivative ∂
2P1(a

∗
1, a
∗
2, λ)/∂a1∂λ is positive (negative)

when

λa∗1(λa
∗
1 − a∗2) < (>)2σ2. (13)

This tells us that, lower (higher) values of the overconfidence bias λ make it easier

for overconfidence to raise (lower) worker 1’s perceived marginal probability of win-

ning.12 In other words, when noise is normally distributed, the impact of worker 1’s

overconfidence on equilibrium efforts depends on the size his bias. Moreover, the

overconfident worker is the underdog for high values of the bias but the favorite for

low values. In this case, too much bias jeopardizes the overconfident worker’s chances

of being promoted but a little bias helps.

Proposition 1 has welfare implications for both the firm and the workers. The firm

is better offwhen worker 1’s overconfidence raises aggregate effort, a∗1+a∗2, and worse

off when it lowers it. When worker 1’s overconfidence lowers his perceived marginal

probability of winning, aggregate effort goes down since the efforts of both workers are

decreasing in worker 1’s overconfidence. In contrast, when worker 1’s overconfidence

raises his perceived marginal probability of winning, it is unclear whether aggregate

12When λ = 1 the left-hand side of (13) is equal to zero. An increase in λ raises the left-hand

side of (13) when .∂a∗1/∂λ > 0 > ∂a∗2/∂λ. Hence, λa
∗
1(λa

∗
1 − a∗2) < 2σ2 for low values of λ and

λa∗1(λa
∗
1 − a∗2) > 2σ2 for high values of λ.
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effort goes up or down since worker 1’s effort goes up while worker 2’s effort goes

down. To see this, note that the impact of worker 1’s overconfidence on aggregate

effort is given by:

∂a∗1
∂λ

+
∂a∗2
∂λ

=
∂a∗1
∂λ

+
g′(a∗1 − a∗2)∆u

g′(a∗1 − a∗2)∆u+ c′′(a∗2)

∂a∗1
∂λ

=

[
1 +

g′(a∗1 − a∗2)∆u
g′(a∗1 − a∗2)∆u+ c′′(a∗2)

]
∂a∗1
∂λ

, (14)

where the first equality is obtained in the proof of Proposition 1. Equation (14)

shows that when worker’s 1 overconfidence raises his perceived marginal probability

of winning, the effect of the bias on aggregate effort depends on the sign of the term

inside square brackets. The sign is positive when the fraction inside square brackets

is greater than −1 and negative when it is less than −1. Hence, everything else

equal, an increase in worker 1’s overconfidence raises aggregate effort when either (i)

c′′ is high (the cost of effort is more convex), or (ii) the utility prize spread ∆u is

low.

In sum, the firm would not necessarily want to de-bias the overconfident worker

when his bias raises his perceived marginal probability of winning but would prefer

to de-bias him when his bias lowers his perceived marginal probability of winning.

To evaluate the welfare implications for the overconfident worker, I consider how

his equilibrium expected utility

E [U1(a
∗
1, a
∗
2)] = u(yL) +G(a∗1 − a∗2)∆u− c(a∗1)

changes with λ:

∂E [U1(a
∗
1, a
∗
2)]

∂λ
= g(a∗1 − a∗2)∆u

(
∂a∗1
∂λ
− ∂a∗2
∂λ

)
− c′(a∗1)

∂a∗1
∂λ

= g(a∗1 − a∗2)∆u
[(

1− λg(λa∗1 − a∗2)
g(a∗1 − a∗2)

)
∂a∗1
∂λ
− ∂a∗2
∂λ

]
= g(a∗1 − a∗2)∆u[(

1− λg(λa∗1 − a∗2)
g(a∗1 − a∗2)

)
∂a∗1
∂λ

+
−g′(a∗1 − a∗2)∆u

g′(a∗1 − a∗2)∆u+ c′′(a∗2)

∂a∗1
∂λ

]
,(15)
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where the second equality follows from worker 1’s first-order condition. Equation

(15) shows that the effect of the worker 1’s overconfidence on his expected utility

depends on the sign of the term inside square brackets. The first term represents the

direct effect and the second term the strategic effect. The direct effect is negative

since the overconfident worker fails to play a best response against the rival.13 The

strategic effect is positive since the overconfident worker’s bias lowers the effort of the

rival. Therefore, an increase in worker 1’s overconfidence makes him better off (worse

off) when the direct effect is smaller (greater) than the strategic effect. Everything

else equal, the direct effect is smaller when the bias is small. Everything else equal,

the strategic effect is higher when either the cost of effort is not too convex, or the

utility prize spread is high. In sum, an increase in worker 1’s overconfidence raises

his expected utility when either (i) λ is small, (ii) c′′ is low, or (iii) ∆u is high.

To evaluate the welfare implications for the unbiased worker, I consider how his

equilibrium expected utility E [U2(a
∗
1, a
∗
2)] changes with λ:

∂E [U2(a
∗
1, a
∗
2)]

∂λ
= −g(a∗1 − a∗2)∆u

(
∂a∗1
∂λ
− ∂a∗2
∂λ

)
− c′(a∗2)

∂a∗2
∂λ

= −g(a∗1 − a∗2)
∂a∗1
∂λ

∆u,

where the second equality follows from worker 2’s first-order condition. Hence, an

increase in overconfidence makes the unbiased worker better offwhen the bias lowers

the overconfident worker’s effort. In contrast, an increase in overconfidence makes

the unbiased worker worse off when the bias raises the overconfident worker’s effort.
13When a∗1 > a∗2 we have ∂a

∗
1/∂λ > 0. The first-order conditions and a

∗
1 > a∗2 imply g(a

∗
1− a∗2) <

λg(λa∗1−a∗2). Hence, when a∗1 > a∗2, the direct effect is negative. When a
∗
1 < a∗2 we have ∂a

∗
1/∂λ < 0.

The first-order conditions and a∗1 < a∗2 imply g(a
∗
1 − a∗2) > λg(λa∗1 − a∗2). Hence, when a∗1 < a∗2, the

direct effect is also negative.
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5 Overconfidence: Asymmetric Technologies

This section studies a tournament where an overconfident worker competes against

a more productive unbiased rival. This set-up allows me to address the following

two questions. First, can the overconfident worker’s bias overturn his productivity

disadvantage and make him the favorite? Second, can overconfidence increase the

effort provision of both workers?

In order to model asymmetric technologies I extend the model by assuming the

output of the overconfident worker 1 is

Q1 = a1 − µ/2 + ε1,

whereas the output of the unbiased worker 2 is

Q2 = a2 + µ/2 + ε2,

with µ > 0. This specification implies that worker 2 has a productivity advantage

over worker 1. In expectation, worker 2 produces µ more output units than worker

1 for the same level of effort.14

Worker 1 mistakenly perceives his output to be given by

Q̃1 = λa1 − µ/2 + ε1,

where λ > 1. Hence, worker 1’s perceived probability of winning the tournament is

P1(a1, a2, λ) = Pr(Q̃1 ≥ Q2) = G(λa1 − a2 − µ),

and worker 2’s probability of winning the tournament is

P2(a1, a2) = Pr(Q2 ≥ Q1) = 1−G(a1 − a2 − µ).

Note that worker 1’s true probability of winning the tournament is

P1(a1, a2) = G(a1 − a2 − µ).

14Alternatively, one could assume that Q1 = a1/µ+ ε1 and Q2 = µa2 + ε2 with µ > 1. I analyze

this specification in the Appendix.
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Hence, when both workers choose the same effort, a1 = a2 = a, the overconfident

worker 1 is the underdog since P1(a, a) = G(−µ) < 1−G(−µ) = P2(a, a).

Worker 1 chooses the optimal level of effort that maximizes his perceived expected

utility:

E[U1(a1, a2, λ)] = u(yL) +G(λa1 − a2 − µ)∆u− c(a1).

Worker 2 chooses the optimal level of effort that maximizes his expected utility:

E[U2(a1, a2)] = u(yL) + [1−G(a1 − a2 − µ)]∆u− c(a2).

The first-order conditions of workers 1 and 2 are

∂E[U1(a1, a2, λ)]

∂a1
= λg(λa1 − a2 − µ)∆u− c′(a1) = 0, (16)

and
∂E[U2(a1, a2)]

∂a2
= g(a1 − a2 − µ)∆u− c′(a2) = 0, (17)

Lemma 5 describes the shape of the workers’best responses.

Lemma 5: R1(a2) is concave in a2 and reaches a maximum for a2 = λa1−µ. R2(a1)
is concave in a1 and reaches a maximum for a1 = a2 + µ.

Lemma 5 shows that the workers’best responses continue to be non-monotonic.

Given high effort of the rival, a2 > λa1 − µ, worker 1 reacts to an increase in effort
of the rival by decreasing effort; given low effort of the rival, a2 < λa1 − µ, worker 1
reacts to an increase in effort of the rival by increasing effort. Given high effort of the

rival, a1 > a2 + µ, worker 2 reacts to an increase in effort of the rival by decreasing

effort; given low effort of the rival, a1 < a2 + µ, worker 2 reacts to an increase in

effort of the rival by increasing effort.

Lemma 6 describes how the workers’best responses change with worker 2’s pro-

ductivity advantage µ.

Lemma 6: An increase in worker 2’s productivity advantage µ leads to an expansion

of worker 1’s best response function, ∂R1(a2)/∂µ > 0, for a2 < λa1 − µ, and to a
contraction of worker 1’s best response function, ∂R1(a2)/∂µ < 0, for a2 > λa1 −
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µ. An increase in µ leads to an expansion of worker 2’s best response function,

∂R2(a1)/∂µ > 0, for a1 > a2 + µ, and to a contraction of worker 2’s best response

function, ∂R2(a1)/∂µ < 0, for a1 < a2 + µ. Moreover, the maximal efforts workers

1 and 2 are willing to exert in the tournament, amax1 and amax2 , respectively, do not

dependent on worker 2’s productivity advantage µ.

Lemma 6 shows that an increase in worker 2’s productivity advantage µ has

an asymmetric effect on the workers’ best responses. For low effort of the rival,

a2 < λa1 − µ, an increase in µ leads to an outward shift of worker 1’s best response.
For high effort of the rival, a2 > λa1 − µ, an increase in µ leads to an inward shift
of worker 1’s best response. For high effort of the rival, a1 > a2 + µ, an increase in

µ leads to an outward shift of worker 2’s best response. For low effort of the rival,

a1 < a2 + µ, an increase in µ leads to an inward shift of worker 2’s best response.

Lemma 7 describes how worker 1’s best response changes with his overconfidence

bias λ.

Lemma 7: An increase in worker 1’s overconfidence λ leads to an expansion of his

best response function, ∂R1(a2)/∂λ > 0, for g(λa1 − a2 − µ) + λa1g
′(λa1 − a2 −

µ) > 0, and to a contraction of his best response function, ∂R1(a2)/∂λ < 0, for

g(λa1 − a2 − µ) + λa1g
′(λa1 − a2 − µ) < 0. Moreover, the maximal effort worker 1

is willing to exert in the tournament, amax1 , increases in worker 1’s overconfidence

λ, and the maximal effort worker 2 is willing to exert in the tournament, amax2 , does

not dependent on worker 1’s overconfidence λ.

Lemma 7 characterizes how worker 1’s overconfidence shifts his best response.

As in Section 4, this is determined by how the bias changes worker 1’s perceived

marginal probability of winning the tournament:

∂2P1(a1, a2, λ)

∂a1∂λ
= g(λa1 − a2 − µ) + λa1g

′(λa1 − a2 − µ). (18)

For high effort of the rival, a2 > λa1−µ, (18) has a positive sign since both terms are
positive and an increase in λ shifts worker 1’s best response outwards. For low effort

of the rival, a2 < λa1 − µ, the sign of (18) is undetermined since the first term is
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positive while the second is negative. Hence, there are two different ways λ can shift

worker 1’s best response for low effort of the rival. When the first term is larger than

the absolute value of the second term, (18) has a positive sign and an increase in λ

shifts worker 1’s best response outwards. Conversely, when the first term is smaller

than the absolute value of the second term, (18) has a negative sign and an increase

in λ shifts worker 1’s best response inwards. In sum, an increase in overconfidence

expands worker 1’s best response for high effort of the rival but can either expand

or contract it for low effort of the rival.

The pure-strategy Nash equilibrium (a∗1, a
∗
2) satisfies the first-order conditions of

the two workers simultaneously and is given by

λg(λa∗1 − a∗2 − µ)∆u = c′(a∗1),

and

g(a∗1 − a∗2 − µ)∆u = c′(a∗2).

Lemma 8 establishes the uniqueness of the equilibrium.

Lemma 8: The tournament has a unique pure-strategy Nash equilibrium.

Before stating the main result of this section, I characterize the equilibrium of

the tournament where both workers are unbiased and worker 2 has a productivity

advantage µ. In this tournament, the equilibrium efforts (â1, â2) solve g(â1 − â2 −
µ)∆u = c′(a1) and g(â1 − â2 − µ)∆u = c′(â2). Hence, workers 1 and 2 exert the

same effort â1 = â2 = â where â solves g(−µ)∆u = c′(â). Note that aggregate effort

provision is lower when worker 2 has a productivity advantage µ than when he does

not since g(−µ) < g(0) implies â < a∗. Finally, worker 1 is the underdog due to

worker 2’s productivity advantage µ since P1(â, â) = G(−µ) < 1/2 < P2(â, â) = 1−
G(−µ). To sum up, when both workers are unbiased and worker 2 has a productivity

advantage µ, worker 1 is the underdog and worker 2 is the favorite.

Proposition 2 uncovers the effect of worker 1’s overconfidence on equilibrium

efforts and winning probabilities.
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Proposition 2:

(i) If worker 1’s overconfidence raises his perceived marginal probability of winning,

∂2P1(a
∗
1, a
∗
2, λ)/∂a1∂λ > 0, and is small, λ < c′(a∗+µ)/g(0)∆u, then worker 1’s effort

is lower than the sum of worker 2’s effort and worker 2’s productivity advantage, a∗1 <

a∗2 + µ. Hence, worker 1 is the underdog since P1(a∗1, a
∗
2) < 1/2 < P2(a

∗
1, a
∗
2). Both

workers exert more effort than if both were unbiased with a∗1 > a∗2 > â. Furthermore,

an increase in worker 1’s overconfidence raises the efforts of both workers, ∂a∗1/∂λ >

∂a∗2/∂λ > 0.

(ii) If worker 1’s overconfidence raises his perceived marginal probability of winning,

∂2P1(a
∗
1, a
∗
2, λ)/∂a1∂λ > 0, and is large, λ > c′(a∗+µ)/g(0)∆u, then worker 1’s effort

is greater than the sum of worker 2’s effort and worker 2’s productivity advantage,

a∗1 > a∗2 + µ. Hence, worker 1 is the favorite since P1(a∗1, a
∗
2) > 1/2 > P2(a

∗
1, a
∗
2).

Furthermore, an increase in worker 1’s overconfidence raises the effort of worker 1

and lowers the effort of worker 2, ∂a∗1/∂λ > 0 > ∂a∗2/∂λ.

(iii) If worker 1’s overconfidence lowers his perceived marginal probability of winning,

∂2P1(a
∗
1, a
∗
2, λ)/∂a1∂λ < 0, then 1’s effort is lower than the sum of worker 2’s effort

and worker 2’s productivity advantage, a∗1 < a∗2 +µ. Hence, worker 1 is the underdog

since P1(a∗1, a
∗
2) < 1/2 < P2(a

∗
1, a
∗
2).

Proposition 2 characterizes how worker 1’s overconfidence changes the equilibrium

efforts and winning probabilities of the two workers. Moreover, it shows that the

identity of the favorite depends on how the bias affects the overconfident worker’s

perceived marginal probability of winning, and on how the size of the bias compares

to worker 2’s productivity advantage.

Part (i) shows that worker 1’s overconfidence can raise the effort provision of

both workers. This happens when worker 1’s bias raises his perceived marginal

probability of winning and is small, λ < c′(a∗ + µ)/g(0)∆u. Recall that when both

workers are unbiased, λ = 1, their best responses cross at the 45 degree line. Worker

1’s overconfidence bias leads to an outward shift of his best response which, when λ is

small, crosses worker 2’s best response at a point where its slope falls in the interval

26



(0, 1). In other words, the unbiased worker, anticipating the overconfident worker

will raise his effort, decides to raise his effort in response but not as much. Hence,

the overconfident worker exerts higher effort than the rival, a∗1 > a∗2. In addition,

when the bias is small, worker 1’s effort is less than the sum of worker 2’s effort and

worker 2’s productivity advantage, a∗1 < a∗2 +µ, and hence worker 1 is the underdog:

P2(a
∗
1, a
∗
2) = 1−G(a∗1 − a∗2 − µ) > 1/2 > P1(a

∗
1, a
∗
2) = G(a∗1 − a∗2 − µ).

This type of overconfidence is unambiguously beneficial to the firm since both workers

exerts more effort than if both were unbiased.

Part (ii) shows that the overconfident worker’s bias can overturn the rival’s

productivity advantage and make him the favorite. This happens when worker

1’s bias raises his perceived marginal probability of winning and is large, λ >

c′(a∗+µ)/g(0)∆u. Worker 1’s overconfidence bias leads to an outward shift of his best

response which, when λ is large, crosses worker 2’s best response at a point where

its slope is negative. In other words, the unbiased worker, anticipating the overcon-

fident worker will raise his effort, decides to lower his effort in response. Hence, the

overconfident worker exerts substantially higher effort than the rival. When the bias

is large, worker 1’s effort is greater than the sum of worker 2’s effort and worker 2’s

productivity advantage, a∗1 > a∗2 + µ, and hence worker 1 is the favorite:

P1(a
∗
1, a
∗
2) = G(a∗1 − a∗2 − µ) > 1/2 > P2(a

∗
1, a
∗
2) = 1−G(a∗1 − a∗2 − µ),

Note that worker 1 thinks, correctly, he is the favorite since

P1(a
∗
1, a
∗
2, λ) = G(λa∗1 − a∗2 − µ) > P1(a

∗
1, a
∗
2) = G(a∗1 − a∗2 − µ) > 1/2,

where the inequalities are due to λa∗1−a∗2−µ > a∗1−a∗2−µ. This type of overconfidence
is beneficial to the firm when both workers exert more effort than if both were

unbiased. However, if worker 2 exerts less effort than if both were unbiased the firm

is better off (worse off) when the increase in worker 1’s effort is greater (smaller)

than the drop in worker 2’s effort.
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Part (iii) shows that when worker 1’s overconfidence lowers his perceived marginal

probability of winning, he is the underdog. In this case, worker 1’s overconfidence bias

leads to an inward shift of his best response which crosses worker 2’s best response

at a point where its slope is positive. This implies that worker 1’s effort is smaller

than the sum of worker 2’s effort and worker 2’s productivity advantage, a∗1 < a∗2+µ,

and hence worker 1 is the underdog:

P2(a
∗
1, a
∗
2) = 1−G(a∗1 − a∗2 − µ) > 1/2 > P1(a

∗
1, a
∗
2) = G(a∗1 − a∗2 − µ).

Interestingly, worker 1 thinks, mistakenly, he is the favorite since

P1(a
∗
1, a
∗
2, λ) = G(λa∗1 − a∗2 − µ) > P2(a

∗
1, a
∗
2) = 1−G(a∗1 − a∗2 − µ) > 1/2,

where the inequalities are due to λa∗1−a∗2−µ > 0 > a∗1−a∗2−µ and g(λa∗1−a∗2−µ) <

g(a∗1 − a∗2 − µ).

6 Underconfidence: Symmetric Technologies

This section studies a tournament where an underconfident worker competes against

an equally productive unbiased rival. The workers’outputs are given by

Qi = ai + εi, i = 1, 2.

Worker 1 mistakenly perceives his output is given by

Q̃1 = (1− λ)a1 + ε1,

where λ ∈ (0, 1). Hence, worker 1’s perceived probability of winning the tournament

is

P1(a1, a2, λ) = Pr(Q̃1 ≥ Q2) = G((1− λ)a1 − a2),

and worker 2’s probability of winning the tournament is

P2(a1, a2) = 1−G(a1 − a2).
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Worker 1 chooses the optimal level of effort that maximizes his perceived expected

utility:

E[U1(a1, a2, λ)] = u(yL) +G((1− λ)a1 − a2)∆u− c(a1).

Worker 2 chooses the optimal level of effort that maximizes his expected utility:

E[U2(a1, a2)] = u(yL) + [1−G(a1 − a2)]∆u− c(a2).

Lemma 9 describes the shape of the worker 1’best response.

Lemma 9: R1(a2) is concave in a2 and reaches a maximum for a2 = (1− λ)a1.

Lemma 9 tells us that worker 1’s best response is non-monotonic. Given high

effort of the rival, a2 > (1 − λ)a1, worker 1 reacts to an increase in effort of the

rival by decreasing effort; given low effort of the rival, a2 < (1 − λ)a1, worker 1

reacts to an increase in effort of the rival by increasing effort. Note that the shape of

the best response of an underconfident worker is similar to that of an overconfident

worker (described in Lemma 1) with the difference that the set of effort levels where

an underconfident worker reacts to an increase in effort of the rival by decreasing

effort, {(a1, a2) : a2 > (1− λ)a1, λ ∈ (0, 1)}, contains the set of effort levels where an
overconfident worker reacts to an increase of effort of the rival by decreasing effort,

{(a1, a2) : a2 > λa1, λ > 1}.
Lemma 10 describes how worker 1’s best response changes with his underconfid-

ence bias λ.

Lemma 10: An increase in worker 1’s underconfidence λ leads to an expansion of

his best response function, ∂R1(a2)/∂λ > 0, for g((1− λ)a1 − a2) + (1− λ)a1g
′((1−

λ)a1−a2) < 0, and to a contraction of his best response function, ∂R1(a2)/∂λ < 0, for

g((1−λ)a1−a2)+(1−λ)a1g
′((1−λ)a1−a2) > 0. Moreover, the maximal effort worker

1 is willing to exert in the tournament, amax1 , decreases in worker 1’s underconfidence

λ, and the maximal effort worker 2 is willing to exert in the tournament, amax2 , does

not dependent on worker 1’s underconfidence λ.

Lemma 10 characterizes how worker 1’s underconfidence shifts his best response.

This is determined by how the bias changes worker 1’s perceived marginal probability
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of winning the tournament:

∂2P1(a1, a2, λ)

∂a1∂λ
= −g((1− λ)a1 − a2)− (1− λ)a1g

′((1− λ)a1 − a2). (19)

We see from (19) that worker 1’s perceived marginal probability of winning is com-

posed of two terms. The first term is negative since g(·) is a density function. The
second term is negative for high effort of the rival, a2 > (1 − λ)a1, and positive for

low effort of the rival, a2 < (1 − λ)a1. Hence, for high effort of the rival, (19) has

a negative sign and an increase in underconfidence shifts worker 1’s best response

inwards. For low effort of the rival, the sign of (19) is undetermined since the first

term is negative while the second is positive. Hence, there are two different ways

underconfidence can shift worker 1’s best response for low effort of the rival. When

the absolute value of the first term is larger than the second term, (19) has a negat-

ive sign and an increase in underconfidence shifts worker 1’s best response inwards.

Conversely, when the absolute value of the first term is smaller than the second term,

(19) has a positive sign and an increase in underconfidence shifts worker 1’s best re-

sponse outwards. In sum, an increase in underconfidence contracts worker 1’s best

response for high effort of the rival but can either contract or expand it for low effort

of the rival.

The pure-strategy Nash equilibrium (a∗1, a
∗
2) satisfies the first-order conditions of

the two workers simultaneously and is given by

(1− λ)g((1− λ)a∗1 − a∗2)∆u = c′(a∗1),

and

g(a∗1 − a∗2)∆u = c′(a∗2).

Lemma 11 establishes the uniqueness of the equilibrium.

Lemma 11: The tournament has a unique pure-strategy Nash equilibrium.

Lemma 12 provides a useful result regarding the position of worker 1’s best re-

sponse function.
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Lemma 12: Worker 1’s best response function intercepts the 45 degree line at effort

level ā < a∗, where a∗ solves g(0)∆u = c′(a∗).

Lemma 12 tells us that the underconfident worker’s best response function inter-

cepts the 45 degree line at an effort level that is strictly smaller than the symmetric

pure-strategy Nash equilibrium effort level when both workers are unbiased.

Proposition 3 uncovers the effect of worker 1’s underconfidence on equilibrium

efforts and winning probabilities.

Proposition 3: Worker 1 exerts less effort than worker 2, a∗1 < a∗2. Hence, the

underconfident worker 1 is the underdog since P1(a∗1, a
∗
2) < 1/2 < P2(a

∗
1, a
∗
2). Both

workers exert less effort than if both were unbiased, a∗1 < a∗2 < a∗. Furthermore, an

increase in worker 1’s underconfidence lowers the efforts of both workers and more

so that of worker 1, ∂a∗1/∂λ < ∂a∗2/∂λ < 0.

Proposition 3 characterizes how worker 1’s underconfidence changes the equilib-

rium efforts and winning probabilities of the workers. It shows that underconfidence

lowers a worker’s chances of winning a tournament against an unbiased rival. The

underconfident worker believes, mistakenly, he is less productive than the unbiased

worker. This lowers the underconfident worker’s perceived marginal probability of

winning for high effort of the rival, a2 > (1− λ)a1. This represents a contraction of

the underconfident worker’s best response for effort levels a2 > (1−λ)a1. This leads

the underconfident worker to exert less effort. The unbiased worker, knowing the

underconfident worker will lower his effort, decides to lower his effort in response but

not as much. Since the underconfident worker exerts less effort than the unbiased

worker he is the underdog.

Note that an underconfident worker anticipates, correctly, he is the underdog but

underestimates his winning probability. In other words, the underconfident worker’s

perceived winning probability is smaller than his true winning probability and both

are smaller than 1/2:
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P2(a
∗
1, a
∗
2) = 1−G(a∗1 − a∗2) > 1/2 > P1(a

∗
1, a
∗
2) = G(a∗1 − a∗2)

> P1(a
∗
1, a
∗
2, λ) = G((1− λ)a∗1 − a∗2),

where the inequalities are due to (1− λ)a∗1 − a∗2 < a∗1 − a∗2 < 0.

Proposition 3 shows that underconfidence lowers a worker’s chances of being

promoted due to its demotivating impact on effort provision. This stands on contrast

to Proposition 1 which showed that overconfidence can improve a worker’s chances

of being promoted. Hence, Propositions 1 and 3 predicts that, everything else equal,

one should observe more overconfident workers being promoted than underconfident

ones. Proposition 3 has welfare consequences. The firm is always worse off when

worker 1 is underconfident since both workers exert less effort than if both were

unbiased. Hence, the firm would want to de-bias an underconfident worker. An

increase in underconfidence has an ambiguous effect on the underconfident worker’s

welfare since the direct effect is negative but the strategic effect is positive. An

increase in underconfidence makes the unbiased worker better off: he has a higher

probability of winning the tournament and exerts less effort than if both workers

were unbiased.

7 Underconfidence: Asymmetric Technologies

This section studies a tournament where an underconfident worker competes against

a less productive rival. This set-up allows me to address the following two questions.

First, can the underconfident worker’s bias overturn his productivity advantage and

make him the underdog? Second, can the underconfident worker’s bias lead him to

provide more effort?

The output of the underconfident worker 1 is

Q1 = a1 + µ/2 + ε1,
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whereas the output of the unbiased worker 2 is

Q2 = a2 − µ/2 + ε2,

where µ > 0. This specification implies that worker 1 has a productivity advantage

over worker 2. In expectation, worker 1 produces µ more output units than worker

2 for the same level of effort.

Worker 1 mistakenly perceives his output is equal to

Q̃1 = (1− λ)a1 + µ/2 + ε1,

where λ ∈ (0, 1). Hence, worker 1’s perceived probability of winning the tournament

is

P1(a1, a2, λ) = Pr(Q̃1 ≥ Q2) = G((1− λ)a1 − a2 + µ),

and worker 2’s probability of winning the tournament is

P (a1, a2) = Pr(Q2 ≥ Q1) = 1−G(a1 − a2 + µ).

Note that worker 1’s true probability of winning the tournament is

P1(a1, a2) = G(a1 − a2 + µ).

Hence, when both workers choose the same effort, a1 = a2 = a, the underconfident

worker 1 is the favorite since P1(a, a) = G(µ) > 1−G(µ) = P2(a, a).

Worker 1 chooses the optimal level of effort that maximizes his perceived expected

utility:

E[U1(a1, a2, λ)] = u(yL) +G((1− λ)a1 − a2 + µ)∆u− c(a1).

Worker 2 chooses the optimal level of effort that maximizes his expected utility:

E[U2(a1, a2)] = u(yL) + [1−G(a1 − a2 + µ)]∆u− c(a2).

Lemma 13 describes the shape of the workers’best responses.
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Lemma 13: R1(a2) is concave in a2 and reaches a maximum for a2 = (1−λ)a1+µ.

R2(a1) is concave in a1 and reaches a maximum for a1 = a2 − µ.

Lemma 13 shows the workers’ best responses are non-monotonic. Given high

effort of the rival, a2 > (1− λ)a1 + µ, worker 1 reacts to an increase in effort of the

rival by decreasing effort; given low effort of the rival, a2 < (1− λ)a1 + µ, worker 1

reacts to an increase in effort of the rival by increasing effort. Given high effort of the

rival, a1 > a2 − µ, worker 2 reacts to an increase in effort of the rival by decreasing
effort; given low effort of the rival, a1 < a2 − µ, worker 2 reacts to an increase in

effort of the rival by increasing effort.

Lemma 14 describes how the workers’ best responses change with worker 1’s

productivity advantage µ.

Lemma 14: An increase in worker 1’s productivity advantage µ leads to an expan-

sion of worker 1’s best response function, ∂R1(a2)/∂µ > 0, for a2 > (1 − λ)a1 + µ,

and to a contraction of worker 1’s best response function, ∂R1(a2)/∂µ < 0, for

a2 < (1 − λ)a1 + µ. An increase in µ leads to an expansion of worker 2’s best re-

sponse function, ∂R2(a1)/∂µ > 0, for a1 < a2 − µ, and to a contraction of worker
2’s best response function, ∂R2(a1)/∂µ < 0, for a1 > a2 − µ. Moreover, the max-
imal efforts workers 1 and 2 are willing to exert in the tournament, amax1 and amax2 ,

respectively, do not dependent on worker 1’s productivity advantage µ.

Lemma 14 shows that an increase in worker 1’s productivity advantage µ has

an asymmetric effect on the workers’best responses. For high effort of the rival,

a2 > (1 − λ)a1 + µ, an increase in µ leads to an outward shift of worker 1’s best

response. For low effort of the rival, a2 < (1− λ)a1 + µ, an increase in µ leads to an

inward shift of worker 1’s best response. For low effort of the rival, a1 < a2 − µ, an
increase in µ leads to an outward shift of worker 2’s best response. For high effort

of the rival, a1 > a2 − µ, an increase in µ leads to an inward shift of worker 2’s best
response.

Lemma 15 describes how worker 1’s best response changes with his underconfid-

ence bias λ.
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Lemma 15: An increase in worker 1’s underconfidence λ leads to an expansion

of his best response function, ∂R1(a2)/∂λ > 0, for g((1 − λ)a1 − a2 + µ) + (1 −
λ)a1g

′((1 − λ)a1 − a2 + µ) < 0, and to a contraction of his best response function,

∂R1(a2)/∂λ < 0, for g((1 − λ)a1 − a2 + µ) + (1 − λ)a1g
′((1 − λ)a1 − a2 + µ) > 0.

Moreover, the maximal effort worker 1 is willing to exert in the tournament, amax1 ,

decreases in worker 1’s underconfidence λ, and the maximal effort worker 2 is willing

to exert in the tournament, amax2 , does not dependent on worker 1’s underconfidence

λ.

The pure-strategy Nash equilibrium (a∗1, a
∗
2) satisfies the first-order conditions of

the two workers simultaneously and is given by

(1− λ)g((1− λ)a∗1 − a∗2 + µ)∆u = c′(a∗1),

and

g(a∗1 − a∗2 + µ)∆u = c′(a∗2).

Lemma 16 establishes that there is no equilibrium where both players best re-

sponses are positively sloped.

Lemma 16: The tournament has no pure-strategy Nash equilibrium where both play-

ers best responses are positively sloped.

Before stating the main results of this section, I characterize the equilibrium of

the tournament where both workers are unbiased and worker 1 has a productivity

advantage µ. In this tournament, the equilibrium efforts (â1, â2) solve g(â1 − â2 +

µ)∆u = c′(a1) and g(â1 − â2 + µ)∆u = c′(â2). Hence, workers 1 and 2 exert the

same effort â1 = â2 = â where â solves g(µ)∆u = c′(â). Note that aggregate effort

provision is lower when worker 1 has a productivity advantage µ than when he does

not since g(µ) < g(0) implies â < a∗. Finally, worker 1 is the favorite due to his

productivity advantage µ since P1(â, â) = G(µ) > 1/2 > P2(â, â) = 1 − G(µ). To

sum up, when both workers are unbiased and worker 1 has a productivity advantage

µ, worker 1 is the favorite and worker 2 is the underdog.
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Proposition 4, 5, and 6 uncover the effect of worker 1’s underconfidence on equi-

librium efforts and winning probabilities.

Proposition 4: If worker 1’s underconfidence satisfies

λ < 1−
c′
(
a∗−µ
1−λ

)
g(0)∆u

,

then the tournament has a unique equilibrium in which the sum of worker 1’s effort

and worker 1’s productive advantage is greater than worker 2’s effort, a∗1 + µ > a∗2.

Hence, worker 1 is the favorite since P1(a∗1, a
∗
2) > 1/2 > P2(a

∗
1, a
∗
2). Furthermore we

have:

(i) If worker 1’s underconfidence satisfies λ < 1 − g(µ)/g(0), then worker 1 exerts

more effort and worker 2 exerts less effort than if both were unbiased, a∗1 > â > a∗2.

Furthermore, an increase in worker 1’s underconfidence raises the effort of worker 1

and lowers the effort of worker 2, ∂a∗1/∂λ > 0 > ∂a∗2/∂λ.

(ii) If worker 1’s underconfidence satisfies λ > 1 − g(µ)/g(0), then worker 1 exerts

less effort and worker 2 exerts more effort than if both were unbiased, a∗1 < â < a∗2.

Furthermore, an increase in worker 1’s underconfidence lowers the effort of worker

1 and raises the effort of worker 2, ∂a∗1/∂λ < 0 < ∂a∗2/∂λ.

Proposition 4 shows that the underconfident worker 1 is the favorite when his bias

is small. In this case, the sum of worker 1’s effort and his productivity advantage is

greater than worker 2’s effort, a∗1 + µ > a∗2, and hence worker 1 is the favorite:

P1(a
∗
1, a
∗
2) = G(a∗1 − a∗2 + µ) > 1/2 > P2(a

∗
1, a
∗
2) = 1−G(a∗1 − a∗2 + µ).

In addition, when the underconfident worker’s bias is small, two different situations

can take place. If the underconfident worker’s bias satisfies λ < 1 − g(µ)/g(0),

underconfidence leads to a small outward shift of the underconfident worker’s best

response. This raises the effort of the underconfident worker and lowers that of

the unbiased worker. In contrast, if the underconfident worker’s bias satisfies λ >

1 − g(µ)/g(0), underconfidence leads to a small inward shift of the underconfident
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worker’s best response. This lowers the effort of the underconfident worker and

raises that of the unbiased worker. In both cases, the underconfident worker thinks,

correctly, he is the favorite but underestimates his winning probability. In other

words, his true winning probability is greater than his perceived winning probability

and both are smaller than 1/2:

P1(a
∗
1, a
∗
2) = G(a∗1 − a∗2 + µ) > P1(a

∗
1, a
∗
2, λ) = G((1− λ)a∗1 − a∗2 + µ) > 1/2,

where the inequalities are due to 0 < (1− λ)a∗1 − a∗2 + µ < a∗1 − a∗2 + µ.

Proposition 5: If worker 1’s underconfidence satisfies

1−
c′
(
a∗−µ
1−λ

)
g(0)∆u

< λ < 1− c′ (a∗ − µ)

g(0)∆u
,

then the tournament has a unique equilibrium in which the sum of worker 1’s effort

and worker 1’s productive advantage is greater than worker 2’s effort, a∗1 + µ > a∗2.

Hence, worker 1 is the favorite since P1(a∗1, a
∗
2) > 1/2 > P2(a

∗
1, a
∗
2). Furthermore, an

increase in worker 1’s underconfidence lowers the effort of worker 1 and raises the

effort of worker 2, ∂a∗1/∂λ < 0 < ∂a∗2/∂λ.

Proposition 5 shows that the underconfident worker is still the favorite when his

bias is moderate. Interestingly, when the underconfident worker’s bias is moderate he

thinks, mistakenly, he is the underdog. In other words, his true winning probability

is greater than 1/2 but his perceived winning probability is less than 1/2:

P1(a
∗
1, a
∗
2) = G(a∗1 − a∗2 + µ) > 1/2 > P1(a

∗
1, a
∗
2, λ) = G((1− λ)a∗1 − a∗2 + µ),

where the inequalities are due to (1− λ)a∗1 − a∗2 + µ < 0 < a∗1 − a∗2 + µ.

Proposition 6: If worker 1’s underconfidence satisfies

λ > 1− c′ (a∗ − µ)

g(0)∆u
,

then the tournament has a unique equilibrium in which the sum of worker 1’s effort

and worker 1’s productive advantage is smaller than worker 2’s effort, a∗1 + µ < a∗2.
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Hence, worker 1 is the underdog since P1(a∗1, a
∗
2) < 1/2 < P2(a

∗
1, a
∗
2). Furthermore, an

increase in worker 1’s underconfidence lowers the efforts of both workers, ∂a∗1/∂λ <

∂a∗2/∂λ < 0.

Proposition 6 shows that the underconfident worker’s bias can overturn his pro-

ductivity advantage and make him the underdog. This happens when the worker 1’s

underconfidence is large. In this case, the sum of worker 1’s effort and his productiv-

ity advantage is smaller than worker 2’s effort, a∗1 + µ < a∗2, and hence worker 1 is

the underdog:

P2(a
∗
1, a
∗
2) = 1−G(a∗1 − a∗2 + µ) > 1/2 > P1(a

∗
1, a
∗
2) = G(a∗1 − a∗2 + µ).

Note that an underconfident worker with a large bias anticipates, correctly, he is the

underdog since his true winning probability and his perceived winning probability

and both are less than 1/2:

1/2 > P1(a
∗
1, a
∗
2) = G(a∗1 − a∗2 + µ) > P1(a

∗
1, a
∗
2, λ) = G((1− λ)a∗1 − a∗2 + µ),

where the inequalities are due to (1− λ)a∗1 − a∗2 + µ < a∗1 − a∗2 + µ < 0.

8 Unbiased Worker Unaware of the Rival’s Bias

I now consider a tournament where a biased worker competes against an unbiased

worker who, contrary to what has been assumed so far, is unaware of the rival’s bias.

This is relevant for tournaments where workers’biases are not observable by their

rivals. Since the unbiased worker is unaware of the rival’s bias, he selects the same

effort as he would if both workers were unbiased. As we shall see, most of the results

concerning the identity of the favorite are left unchanged. However, the winning

probabilities of each worker change.

Consider a tournament where an overconfident worker 1 competes against an

equally productive unbiased worker 2. When worker 1’s overconfidence raises his

perceived marginal probability of winning, the equilibrium efforts satisfy a∗1 > a∗ >
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a∗2, and hence the overconfident worker is the favorite.
15 If worker 2 is unaware of

worker 1’s overconfidence he will choose a∗ instead of a∗2. This implies P1(a
∗
1, a
∗) >

1/2 > P2(a
∗
1, a
∗), and hence the overconfident worker is still the favorite. However,

the winning probability of the overconfident worker 1 is not as high when the unbiased

worker 2 is unaware that worker 1 is overconfident since a∗ > a∗2 implies P1(a
∗
1, a
∗) <

P1(a
∗
1, a
∗
2). When worker 1’s overconfidence lowers his perceived marginal probability

of winning, the equilibrium efforts satisfy a∗ > a∗2 > a∗1, and hence the overconfident

worker is the underdog. If worker 2 is unaware of worker 1’s overconfidence he

will choose a∗ instead of a∗2. This implies P1(a
∗
1, a
∗) < 1/2 < P2(a

∗
1, a
∗), and hence

the overconfident worker is still the underdog. However, the winning probability of

the overconfident worker is even lower when the rival is unaware that worker 1 is

overconfident since a∗ > a∗2 implies P1(a
∗
1, a
∗) < P1(a

∗
1, a
∗
2).

Next, consider a tournament where an overconfident worker 1 competes against

a more productive unbiased worker 2. When worker 1’s overconfidence raises his

perceived marginal probability of winning, and the bias is small, the equilibrium

efforts satisfy a∗1 < a∗2 + µ and â < a∗2 < a∗1, and hence the overconfident worker is

the underdog.16 If worker 2 is unaware of worker 1’s overconfidence he will choose

â instead of a∗2. In this case, we have two possibilities depending on how a∗1 com-

pares to â + µ. When a∗1 < â + µ we have P1(a∗1, â) < 1/2 < P2(a
∗
1, â) and hence

the overconfident worker is the still the underdog. However, when a∗1 > â + µ

we have P1(a∗1, â) > 1/2 > P2(a
∗
1, â) and hence the overconfident worker is the fa-

vorite. When worker 1’s overconfidence raises his perceived marginal probability

of winning, and the bias is large, the equilibrium efforts satisfy a∗1 > a∗2 + µ and

a∗1 > â + µ hence the overconfident worker is the favorite. If worker 2 is unaware of

worker 1’s overconfidence he will choose â instead of a∗2. Since a
∗
1 > â + µ we have

P1(a
∗
1, â) > 1/2 > P2(a

∗
1, â) and hence the overconfident worker is still the favorite.

15Recll that a∗ denotes the Nash equilibrium effort if both workers were unbiased and equally

productive.
16Recall that â denotes the Nash equilibrium effort if both workers were unbiased and one worker

has a productivity advantage over the other.
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Finally, when worker 1’s overconfidence lowers his perceived marginal probability of

winning, the equilibrium efforts satisfy a∗1 < a∗2 + µ , and hence the overconfident

worker is the underdog. If worker 2 is unaware of worker 1’s overconfidence he will

choose â instead of a∗2. Since â > a∗2 we have a
∗
1 < â + µ, which, in turn, implies

P1(a
∗
1, â) < 1/2 < P2(a

∗
1, â) and hence the overconfident worker is still the underdog.

Now, consider a tournament where an underconfident worker 1 competes against

an equally productive unbiased worker 2. In this case, the equilibrium efforts satisfy

a∗ > a∗2 > a∗1 and hence the underconfident worker 1 is the underdog. If worker 2 is

unaware of worker 1’s underconfidence he will choose a∗ instead of a∗2. Since a
∗ > a∗2

this implies P1(a∗1, a
∗) < 1/2 < P2(a

∗
1, a
∗). Hence, the underconfident worker is still

the underdog. However, the winning probability of the underconfident worker 1 is

even lower when the unbiased worker 2 is unaware that worker 1 is underconfident

since a∗ > a∗2 implies P1(a
∗
1, a
∗) < P1(a

∗
1, a
∗
2).

Finally, consider a tournament where an underconfident worker 1 competes against

a less productive unbiased worker 2. When worker 1’s underconfident bias is small,

the equilibrium efforts satisfy a∗1 +µ > a∗2 and a
∗
1 > â > a∗2, and hence the undercon-

fident worker is the favorite. If worker 2 is unaware of worker 1’s underconfidence he

will choose â instead of a∗2. In this case, we have two possibilities depending on how

a∗1 + µ compares to â. When a∗1 + µ > â we have P1(a∗1, â) > 1/2 > P2(a
∗
1, â) and

hence the underconfident worker is still the favorite. However, when a∗1 + µ < â we

have P1(a∗1, â) < 1/2 < P2(a
∗
1, â) and hence the underconfident worker is the under-

dog. When worker 1’s underconfident bias is moderate, the equilibrium efforts satisfy

a∗1 + µ > a∗2 and a
∗
1 < â < a∗2, and hence the underconfident worker is the favorite.

If worker 2 is unaware of worker 1’s underconfidence he will choose â instead of a∗2.

Since a∗2 > â we have a∗1 + µ > â, which, in turn, implies P1(a∗1, â) > 1/2 > P2(a
∗
1, â)

and hence the underconfident worker is still the favorite.

When worker 1’s underconfident bias is large, the equilibrium efforts satisfy a∗1 +

µ < a∗2, and hence the underconfident worker is the underdog. If worker 2 is unaware

of worker 1’s overconfidence he will choose â instead of a∗2. In this case, we have
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two possibilities depending on how a∗1 + µ compares to â. When a∗1 + µ < â we

have P1(a∗1, â) < 1/2 < P2(a
∗
1, â) and hence the underconfident worker is still the

underdog. When a∗1 + µ > â we have P1(a∗1, â) > 1/2 > P2(a
∗
1, â) and hence the

underconfident worker is the favorite.

9 Conclusion

This paper investigates whether overconfident workers are more likely to win bonuses

or be promoted. Knowing whether overconfident individuals behave differently in

tournaments is of great economic importance because tournaments are ubiquitous,

especially for selecting top managers and CEOs. Moreover, laboratory based evid-

ence shows that gender differences in self-confidence play a critical role for entry

and performance in tournaments. To address this question I consider a tournament

where a biased worker competes against an unbiased worker. The biased worker

can be either overconfident or underconfident. An overconfident (underconfident)

worker overestimates (underestimates) his ability and, as a consequence, his winning

probability.

The paper finds that the type of self-confidence bias displayed by a worker plays

a critical role in determining whether a biased worker is more or less likely to win a

bonus or be promoted than an unbiased worker.

Proposition 1 shows that when an overconfident worker competes against an

equally productive unbiased rival, the overconfident worker is the favorite when his

bias raises his perceived marginal probability of winning. In contrast, the overconfid-

ent worker is the underdog when his bias lowers his perceived marginal probability of

winning. Proposition 2 shows that when an overconfident worker competes against

a more productive unbiased rival, the bias can overturn the overconfident worker’s

productivity disadvantage and make him the favorite. Proposition 3 shows that when

an underconfident worker competes against an equally productive unbiased rival, the

underconfident worker is the underdog. Finally, Proposition 4 shows that when an
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underconfident worker competes against a less productive unbiased rival, the bias

can overturn the underconfident worker’s productivity advantage and make him the

underdog.

These results show that the type of self-confidence bias displayed by a male or

a female plays a critical role in determining whether a man has a higher or lower

chance of being promoted than a woman. Proposition 1 shows that when an overcon-

fident man competes against an equally productive and unbiased woman, the man

is more (less) likely to be promoted than the woman when his bias raises (lowers)

his perceived marginal probability of winning. Proposition 2 shows that when an

overconfident man competes against a more productive unbiased woman, the man

can have a higher chance of being promoted. Proposition 3 shows that when an

underconfident woman competes against an equally productive unbiased man, the

woman’s chances of being promoted are lower than the man’s. Proposition 4 shows

that when an underconfident woman competes against a less productive unbiased

man, the man can have a higher chance of being promoted.

All results were derived under the assumption that tournament prizes are exogen-

ously specified. However, if the firm is aware that one worker is biased it can select

the winning and losing prizes optimally taking into account how the bias affects

workers’ effort provision. Santos-Pinto (2010) shows that in a tournament where

all workers are equally overconfident, the firm can counteract any adverse impact of

overconfidence on effort by raising the prize spread. Similarly, in a tournament where

an overconfident worker competes against an unbiased worker, the firm can raise the

prize spread to counteract an unfavorable effect of overconfidence on effort. However,

this comes at a cost when workers are risk averse since they need to be compensated

for the increase in risk associated with a higher prize spread. Understanding how the

firm endogenously selects tournament prizes when one worker is overconfident and

the other is unbiased is an interesting avenue for future research.

42



References

Akerlof, R., and R. Holden (2012). “The Nature of Tournaments,”Economic Theory,

51, 289-313.

Baker, G.P., Gibbs, M., and B. Holmström (1994). “The Internal Economics of the

Firm: Evidence from Personnel Data,”The Quarterly Journal of Economics, 109,

881-919.

Balafoutas, L., and M. Sutter (2012). “Affi rmative Action Policies Promote Women

and Do Not Harm Effi ciency in the Laboratory,”Science 335(6068), 579-582.

Bénabou, R., and J. Tirole (2002). “Self-Confidence and Personal Motivation,”The

Quarterly Journal of Economics, 117, 871-915.

Bénabou, R., and J. Tirole (2003). “Intrinsic and Extrinsic Motivation,”The Review

of Economic Studies, 70, 489-520.

Ben-David, I., Graham, J. R., and C.R. Harvey (2013). “Managerial Miscalibration,”

The Quarterly Journal of Economics, 128(4), 1547-1584.

Bengtsson, C., Persson, M., and P. Willenhag (2005). “Gender and Overconfidence,”

Economics Letters, 86, 199-203.

Bordalo, P., Coffman, K., Gennaioli, N., and A. Shleifer (2019). “Beliefs about

Gender,”American Economic Review, 109(3), 739-773.

Brozynski, T., Menkhoff, L., and U. Schmidt (2006). “The Impact of Experience

on Risk Taking, Overconfidence, and Herding of Fund Managers: Complementary

Survey Evidence,”European Economic Review, 50, 1753-1766.

Buser, T., Niederle, M., and H. Oosterbeek (2014). “Gender, Competitiveness, and

Career Choices,”The Quarterly Journal of Economics, 129(3), 1409-1447.

Camerer, C., and D. Lovallo (1999). “Overconfidence and Excess Entry: An Exper-

imental Approach,”American Economic Review, 89(1), 306-318.

Chen, S., and H. Schildberg-Hörisch (2019). “Looking at the Bright Side: The

Motivational Value of Confidence,”European Economic Review, 120, 103302.

43



Cooper, A.C., Woo, C.Y., and W.C. Dunkelberg (1988). “Entrepreneurs’Perceived

Chance of Success,”Journal of Business Venturing, 3, 97-108.

de la Rosa, L.E. (2011). “Overconfidence and Moral Hazard,”Games and Economic

Behavior, 73(2), 429-451.

Dargnies, M-P., Hakimov, R, and D. Kübler (2019). “Self-Confidence and Unraveling

in Matching Markets,”Management Science, 65(12), 5603-5618.

Dohmen, T., and A. Falk (2011). “Performance Pay and Multidimensional Sorting:

Productivity, Preferences, and Gender,”American Economic Review, 101(2), 556-

590.

Dreber, A., Von Essen , E., and E. Ranehill (2014). “Gender and Competition in

Adolescence: Task Matters,”Experimental Economics, 17(1), 154-172.

Drugov, M. and D. Ryvkin (2017). “Biased Contests for Symmetric Players,”Games

and Economic Behavior, 103, 116-144.

Drugov, M. and D. Ryvkin (2021). “Hunting for the Discouragement Effect in Con-

tests,”forthcoming, Review of Economic Design, Special Issue on Contests: Theory,

Evidence, and Applications.

Gervais, S., and I. Goldstein (2007). “The Positive Effects of Biased Self-perceptions

in Firms,”Review of Finance, 11(3), 453-496.

Gibbons, R., and K.L. Murphy (1990). “Relative Performance Evaluation for Chief

Executive Offi cers,”Industrial and Labor Relations Review, 43, 30-S-51-S.

Gneezy U., Niederle, M., and A. Rustichini (2003). “Performance in Competitive

Environments: Gender Differences,”The Quarterly Journal of Economics, 118, 1049-

1074.

Goel, A.M., and A.V. Thakor (2008). “Overconfidence, CEO Selection, and Corpor-

ate Governance,”The Journal of Finance, 63(6), 2737-2784.

Green, J. and N. Stokey (1983). “A Comparison of Tournaments and Contracts,”

Journal of Political Economy, 91(3), 349-364.

44



Gürtler, O., and M. Kräkel (2010). “Optimal Tournament Contracts for Heterogen-

eous workers,”Journal of Economic Behavior and Organization, 75(2), 180-191.

Guthrie, C., Rachlinski, J.J., and A.J. Wistrich (2001). “Inside the Judicial Mind,”

Cornell Law Review, 86, 777-830.

Guyon, N., and E. Huillery (2021). “Biased Aspirations and Social Inequality at

School: Evidence from French Teenagers,”The Economic Journal, 131(2): 745-796.

Lackner, M., and H. Sonnabend (2020). “Gender Differences in Overconfidence and

Decision-making in High-stakes Competitions: Evidence from Freediving Contests,”

Working Paper 2016, Johannes Kepler University of Linz.

Lazear, E., and S. Rosen (1981). “Rank-Order Tournaments as Optimum Labor

Contracts,”Journal of Political Economy, 89, 841-864.

Harbring, C., and G.K. Lünser (2008). “On the Competition of Asymmetric Work-

ers,”German Economic Review, 9(3), 373-395.

Hodges, J.L., and E.L. Lehmann (1954). “Matching in Paired Comparisons,”The

Annals of Mathematical Statistics, 25(4), 787-791.

Höffl er, F. and D. Sliwka (2003). “Do New Brooms Sweep Clean? When and Why

Dismissing aManager Increases the Subordinates’Performance,”European Economic

Review, 47(5), 877-890.

Hoffman, M., and S.V. Burks (2020). “Worker Overconfidence: Field Evidence

and Implications for Employee Turnover and Firm Profits,”Quantitative Economics,

11(1), 315-348.

Huffman, D., Raymond, C., and J. Shvets (2022). “Persistent Overconfidence and

Biased Memory: Evidence from Managers,”American Economic Review, 112(10),

3141-3175.

Kräkel, M. and D. Sliwka (2004). “Risk Taking in AsymmetricTournaments,”Ger-

man Economic Review, 5(1), 103-116.

Linda Kamas, L., and A. Preston (2012). “The Importance of Being Confident;

Gender, Career Choice, andWillingness to Compete,”Journal of Economic Behavior

45



& Organization, 83, 82-97.

Kräkel, M. (2008). “Optimal Risk Taking in an Uneven Tournament Game with

Risk Averse Workers,”Journal of Mathematical Economics, 44, 1219-1231.

Krawczyk, M., and M. Wilamowski (2017). “Are We All Overconfident in the Long

Run? Evidence from One Million Marathon Participants,” Journal of Behavioral

Decision Making, 30, 719-730.

Lazear, E.P., and S. Rosen (1981). “Rank-Order Tournaments as Optimum Labor

Contracts,”Journal of Political Economy, 89, 841-864.

Malcomson, J.M. (1986). “Rank-Order Contracts for a Principal with Many Work-

ers,”Review of Economic Studies, 53, 807-817.

Malmendier, U., and G. Tate (2005). “CEO Overconfidence and Corporate Invest-

ment,”The Journal of Finance, 60(6), 2661-2700.

Malmendier, U., and G. Tate (2008). “Who Makes Acquisitions? CEO Overconfid-

ence and the Market’s Reaction,”Journal of Financial Economics, 89(1), 20-43.

Möbius, M., Niederle, M., Niehaus, P., and T.S. Rosenblat (2022). “Managing Self-

Confidence: Theory and Experimental Evidence,”Management Science.

Moore, Don A., and P.J. Healy (2008). “The Trouble with Overconfidence,”Psy-

chological Review, 115(2), 502.

Murphy, W.H., Dacin, P.A., and N.M. Ford (2004). “Sales Contests Effectiveness:

an Examination of Sales Contest Design Preferences of Field Sales Forces,”Journal

of the Academy of Marketing Science, 32, 127-143.

Murphy, S.C., von Hippel, W., Dubbs, S.L., Angiletta, M.J., Wilson, R.S., Trivers,

R., and F.K. Barlow (2015). “The Role of Overconfidence in Romantic Desirability

and Competition,”Personality and Social Psychology Bulletin, 41(8), 1036-1052.

Myers, D. (1996). Social Psychology, New York: McGraw Hill.

Nalebuff, B., and J. Stiglitz (1983). “Prices and Incentives: Towards a General

Theory of Compensation and Competition,” The Bell Journal of Economics, 14,

21-43.

46



Niederle, M., and L. Vesterlund (2007). “Do Women Shy Away from Competition?

Do Men Compete too Much?”The Quarterly Journal of Economics, 122(3), 1067-

1101.

Niederle, M., Segal, C., and L. Vesterlund (2013). “How Costly Is Diversity? Af-

firmative Action in Light of Gender Differences in Competitiveness,”Management

Science, 59(1), 1-16.

Oberlechner, T., and C. Osler (2008). “Overconfidence in Currency Markets,”Avail-

able at SSRN 1108787.

Park, Y.J., and L. Santos-Pinto (2010). “Overconfidence in Tournaments: Evidence

from the Field,”Theory and Decision, 69(1), 144-166.

Pronin, E. and M. Kugler (2007). “Valuing Thoughts, Ignoring Behavior: The Intro-

spection Illusion as a Source of the Bias Blind Spot,”Journal of Experimental Social

Psychology, 43, 565-578.

Pronin, E., L. D. and L. Ross (2002). “The Bias Blind Spot: Perceptions of Bias in

Self versus Others,”Personality and Social Psychology Bulletin, 28, 369-381.

Reuben, E., M. Wiswall, and B. Zafar (2017). “Preferences and Biases in Educational

Choices and Labour Market Expectations: Shrinking the Black Box of Gender,”The

Economic Journal, 127, 2153-2186.

Ring, P., Neyse, L., David-Barett, T., and U. Schmidt (2016). “Gender Differences

in Performance Predictions: Evidence from the Cognitive Reflection Test,”Frontiers

in Psychology, 7:1680. Article 1680.

Santos-Pinto, L. and J. Sobel (2005). “A Model of Positive Self-image in Subjective

Assessments,”American Economic Review, 95(5), 1386-1402.

Santos-Pinto, L. (2008). “Positive Self-image and Incentives in Organisations,”The

Economic Journal, 118(531), 1315-1332.

Santos-Pinto, L. (2010). “Positive Self-image in Tournaments,” International Eco-

nomic Review, 51(2), 475-496.

Santos-Pinto, L., and E. L. de la Rosa (2020). “Overconfidence in Labor Markets,”

47



K. Zimmermann (Ed), Handbook of Labor, Human Resources and Population Eco-

nomics. Springer-Verlag.

Sautmann, A. (2013). “Contracts for Agents with Biased Beliefs: Some Theory and

an Experiment,”American Economic Journal: Microeconomics, 5(3), 124-156.

Squintani, F. (2006). “Equilibrium andMistaken Self-perception,”Economic Theory,

23, 615-641.

Svenson, O. (1981). “Are We All Less Risky and More Skillful than our Fellow

Drivers?,”Acta Psychologica, 47(2), 143-148.

Schotter, A., and K. Weigelt (1992). “Asymmetric Tournaments, Equal Opportunity

Laws, and Affi rmative Action: Some Experimental Results,”The Quarterly Journal

of Economics, 107(2), 511-539.

Waldman, M. (1994). “Systematic Errors and the Theory of Natural Selection,”

American Economic Review, 84(3), 482-497.

Weigelt, K., Dukerich, J., and A. Schotter (1989). “Reactions to Discrimination in an

Incentive Pay Compensation Scheme: A Game-theoretic Approach,”Organizational

Behavior and Human Decision Processes, 44, 26-44.

Wiswall, M., and B. Zafar (2015). “Determinants of College Major Choice: Identific-

ation using an Information Experiment,”Review of Economic Studies 82(2), 791-824.

48



Appendix
Proof of Lemma 1: The best response of worker 1 is defined implicitly by (4).

Hence, the slope of the best response of worker 1, R′1(a2), is given by

−∂R1/∂a2
∂R1/∂a1

= −
∂2E[U1(a1,a2,λ)]

∂a1∂a2
∂2E[U1(a1,a2,λ)]

∂a21

=
λg′(λa1 − a2)∆u

λ2g′(λa1 − a2)∆u− c′′(a1)
.

The denominator is the second derivative of worker 1’s perceived expected utility and

so it is negative. Therefore, the sign of the slope of worker 1’s best response is only

determined by the sign of the numerator which only depends on g′(λa1−a2). Hence,
R′1(a2) is positive for λa1 > a2, zero for λa1 = a2, and negative for λa1 < a2. This

implies that R1(a2) increases in a2 for λa1 > a2, reaches the maximum at λa1 = a2,

and decreases in a2 for λa1 < a2. The best response of worker 2 is defined implicitly

by (5). Hence, the slope of the best response of worker 2, R′2(a1), is given by

−∂R2/∂a1
∂R2/∂a2

= −
∂2E[U2(a1,a2)]

∂a2∂a1
∂2E[U2(a1,a2)]

∂a22

=
−g′(a1 − a2)∆u

−g′(a1 − a2)∆u− c′′(a2)
.

The denominator is the second derivative of worker 2’s expected utility and so it

is negative. Therefore, the sign of the slope of worker 2’s best response is only

determined by the sign of the numerator which only depends on g′(a1 − a2). Hence,
R′2(a1) is positive for a1 < a2, zero for a1 = a2, and negative for a1 > a2. This

implies that R2(a1) increases in a1 for a1 > a2, reaches the maximum at a1 = a2,

and decreases in a1 for a1 < a2.

Proof of Lemma 2: Worker 1’s best response is defined by (4):

λg(λa1 − a2)∆u− c′(a1) = 0.

Hence, we have

∂R1(a2)

∂λ
=
∂2G(λa1 − a2)

∂a1∂λ
∆u = [g(λa1 − a2) + λa1g

′(λa1 − a2)] ∆u.
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Since ∆u > 0, we see that ∂R1(a2)/∂λ S 0 for

∂2G(λa1 − a2)
∂a1∂λ

= g(λa1 − a2) + λa1g
′(λa1 − a2) S 0.

Substituting next λa1 = a2 into the first-order condition of worker 1 and denoting

the maximal effort he is willing to exert in the tournament by amax1 we obtain

λg(0)∆u = c′(amax1 ).

This implies that amax1 increases in λ. Substituting next a2 = a1 into the first-order

condition of worker 2 and denoting the maximal effort he is willing to exert in the

tournament by amax2 we obtain

g(0)∆u = c′(amax2 ).

This implies that amax2 does not depend on λ.

Proof of Lemma 3: To prove the equilibrium is unique, observe first that when the

workers’best responses cross it is impossible that they are both negatively sloped,

that is, R′i(a
∗
j) < 0 for both workers. Indeed, from Lemma 2 we know that if at

equilibriumR′1(a
∗
2) < 0, then it must be the case that λa1 < a2. Since λ > 1, λa1 < a2

implies that a1 < a2, so that R′2(a
∗
2) > 0. To prove that the equilibrium is unique is

then suffi cient to show that the composite function Γ(a1, a2) = R
′
1(a2) ◦R

′
2(a1) has a

slope smaller than 1 for any equilibrium pair (a∗1, a
∗
2), since the function is continuous

on R. Having excluded that R′i(a
∗
j) < 0 for both workers, we simply need to prove

that if R′i(a
∗
j) > 0 for both workers, then the product of the best response functions

is smaller than 1:

Γ(a∗1, a
∗
2) =

λg′(λa∗1 − a∗2)∆u
λ2g′(λa∗1 − a∗2)∆u− c′′(a∗1)

g′(a∗1 − a∗2)∆u
g′(a∗1 − a∗2)∆u+ c′′(a∗2)

< 1.

If R′1(a
∗
2) > 0, then we know from Lemma 1 that g′(λa∗1 − a∗2) < 0. Hence, R′1(a

∗
2) ∈

(0, 1). If R′2(a
∗
1) > 0, then we know from Lemma 1 that g′(a∗1 − a∗2) > 0. Hence,

R′2(a
∗
1) ∈ (0, 1). Since R′i(a

∗
j) ∈ (0, 1) for both workers we have Γ(a∗1, a

∗
2) < 1.
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Proof of Lemma 4: Let (a∗1, a
∗
2) denote a pure-strategy equilibrium of the tourna-

ment. This implies that (a∗1, a
∗
2) solves λg(λa∗1− a∗2)∆u = c′(a∗1) and g(a∗1− a∗2)∆u =

c′(a∗2). Suppose, by contradiction, that λa
∗
1 ≤ a∗2. Note that λ > 1 and λa∗1 ≤ a∗2 im-

ply a∗1 < λa∗1 ≤ a∗2. This, in turn, implies a
∗
1− a∗2 < λa∗1− a∗2 ≤ 0. Since g′(x) > 0 for

x < 0 this implies g(a∗1−a∗2) < g(λa∗1−a∗2). However, λ > 1, g(a∗1−a∗2) < g(λa∗1−a∗2),
and the two first-order conditions imply c′(a∗1) > c′(a∗2) or a

∗
1 > a∗2, a contradiction.

Hence, it must be that λa∗1 > a∗2.

Proof of Proposition 1: We know from Lemma 3 that in a pure-strategy equilib-

rium λa∗1 > a∗2. Furthermore, λa
∗
1 > a∗2 implies g

′(λa∗1−a∗2) < 0, which, given Lemma

1, implies worker 1’s best response is positively sloped at equilibrium, R′1(a
∗
2) > 0.

Note also that when both workers are unbiased, λ = 1, the tournament is symmetric

and the unique symmetric pure-strategy Nash equilibrium is a∗1 = a∗2 = a∗ where

a∗ solves g(0)∆u = c′(a∗). Note that at a∗ the slope of worker 2’s best response is

zero, R′2(a
∗) = 0. Finally, symmetry of g(x) implies that P1(a∗1, a

∗
2) = P2(a

∗
1, a
∗
2) =

G(0) = 1/2. Hence, when both workers are unbiased, each is equally likely to win

the tournament (i.e., the winner is purely random).

(i) When ∂2P1(a
∗
1, a
∗
2, λ)/∂a1∂λ = g(λa∗1 − a∗2) + λa∗1g

′(λa∗1 − a∗2) > 0, worker 1’s

overconfidence expands his best response for low effort of the rival. The outward

shift of worker 1’s best response and the concavity of worker 2’s best response imply

that the two best responses intercept when worker 2’s best response is negatively

sloped, R′2(a
∗
1) < 0. Furthermore, Lemma 1 and R′2(a

∗
1) < 0 imply a∗1 > a∗2. When

a∗1 > a∗2, worker 1 is the favorite since

P1(a
∗
1, a
∗
2) = G(a∗1 − a∗2) > 1/2 > 1−G(a∗1 − a∗2) = P2(a

∗
1, a
∗
2).

In addition, a∗1 > a∗2, R
′
1(a
∗
2) > 0, R′2(a

∗
1) < 0, R′2(a

∗) = 0, and the concavity of

worker 2’s best response imply a∗1 > a∗ > a∗2. Lemma 1 and R′1(a
∗
2) > 0 imply

λa∗1 − a∗2 > 0. Hence, we have

λa∗1 − a∗2 > a∗1 − a∗2 > 0.
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These two inequalities imply

P1(a
∗
1, a
∗
2, λ) = G(λa∗1 − a∗2) > P1(a

∗
1, a
∗
2) = G(a∗1 − a∗2).

(ii) When ∂2P1(a∗1, a
∗
2, λ)/∂a1∂λ = g(λa∗1 − a∗2) + λa∗1g

′(λa∗1 − a∗2) < 0, worker 1’s

overconfidence contracts his best response for low effort of the rival. The inward

shift of worker 1’s best response and the concavity of worker 2’s best response imply

that the two best responses intercept when worker 2’s best response is positively

sloped, R′2(a
∗
1) > 0. Furthermore, Lemma 1 and R′2(a

∗
1) > 0 imply a∗1 < a∗2. When

a∗1 < a∗2, worker 1 is the underdog since

P2(a
∗
1, a
∗
2) = 1−G(a∗1 − a∗2) > 1/2 > P1(a

∗
1, a
∗
2) = G(a∗1 − a∗2).

In addition, a∗1 < a∗2, R
′
1(a
∗
2) > 0, R′2(a

∗
1) > 0, R′2(a

∗) = 0, and the concavity of

worker 2’s best response imply a∗1 < a∗2 < a∗. Lemma 1 and R′1(a
∗
2) > 0 imply

λa∗1 − a∗2 > 0. Hence, we have

λa∗1 − a∗2 > 0 > a∗1 − a∗2.

We also have that a∗1 < a∗2 and the first-order conditions imply λg(λa∗1 − a∗2) <

g(a∗1 − a∗2). Hence, it must be that g(λa∗1 − a∗2) < g(a∗1 − a∗2). This together with

λa∗1 − a∗2 > 0 > a∗1 − a∗2 imply

P1(a
∗
1, a
∗
2, λ) = G(λa∗1 − a∗2) > P2(a

∗
1, a
∗
2) = 1−G(a∗1 − a∗2).

To complete the proof we need to determine the impact of an increase in workers’

1 overconfidence λ on the equilibrium efforts (a∗1, a
∗
2). This is obtained from total

differentiation of the first-order conditions (10) and (11):

∂λg(λa∗1 − a∗2)∆u+ λg′(λa∗1 − a∗2)(a∗1∂λ+ λ∂a∗1 − ∂a∗2)∆u = c′′(a∗1)∂a
∗
1

and

g′(a∗1 − a∗2)(∂a∗1 − ∂a∗2)∆u = c′′(a∗2)∂a
∗
2.

52



Dividing both equations by ∂λ we obtain

g(λa∗1 − a∗2)∆u+ λg′(λa∗1 − a∗2)
(
a∗1 + λ

∂a∗1
∂λ
− ∂a∗2
∂λ

)
∆u = c′′(a∗1)

∂a∗1
∂λ

, (20)

and

g′(a∗1 − a∗2)
(
∂a∗1
∂λ
− ∂a∗2
∂λ

)
∆u = c′′(a∗2)

∂a∗2
∂λ

. (21)

Solving (21) for ∂a∗2/∂λ we have

∂a∗2
∂λ

=
g′(a∗1 − a∗2)∆u

g′(a∗1 − a∗2)∆u+ c′′(a∗2)

∂a∗1
∂λ

. (22)

Substituting (22) into (20) we obtain

g(λa∗1 − a∗2)∆u+ λg′(λa∗1 − a∗2)
[
a∗1 + λ

∂a∗1
∂λ
− g′(a∗1 − a∗2)∆u
g′(a∗1 − a∗2)∆u+ c′′(a∗2)

∂a∗1
∂λ

]
∆u

= c′′(a∗1)
∂a∗1
∂λ

.

Solving this equation for ∂a∗1/∂λ we obtain

∂a∗1
∂λ

=
1

D∗
[g′(a∗1 − a∗2)∆u+ c′′(a∗2)] [g(λa∗1 − a∗2) + λa∗1g

′(λa∗1 − a∗2)] ∆u, (23)

where

D∗ =
[
λ2g′(λa∗1 − a∗2)∆u− c′′(a∗1)

]
[−g′(a∗1 − a∗2)∆u− c′′(a∗2)]

+ λg′(λa∗1 − a∗2)g′(a∗1 − a∗2)(∆u)2.

Substituting (23) into (22) we obtain

∂a∗2
∂λ

=
1

D∗
g′(a∗1 − a∗2) [g(λa∗1 − a∗2) + λa∗1g

′(λa∗1 − a∗2)] (∆u)2. (24)

Note that the two terms inside square brackets in D∗ are the second derivatives of

the objective functions of workers 1 and 2, respectively, and their signs are negative.

Hence, the sign of the product of the terms inside square brackets in D∗ is positive.

Consider part (i) where the equilibrium efforts (a∗1, a
∗
2) satisfy g(λa∗1−a∗2)+λa∗1g′(λa∗1−

a∗2) > 0 and λa∗1 > a∗1 > a∗2. The inequality λa
∗
1 > a∗2 implies g

′(λa∗1 − a∗2) < 0 and
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the inequality a∗1 > a∗2 implies g
′(a∗1 − a∗2) < 0. Therefore, λg′(λa∗1 − a∗2)g

′(a∗1 −
a∗2)(∆u)2 > 0 and D∗ > 0. Equation (23) implies that ∂a∗1/∂λ > 0 since D∗ > 0,

g(λa∗1 − a∗2) + λa∗1g
′(λa∗1 − a∗2) > 0, and g′(a∗1 − a∗2)∆u + c′′(a∗2) > 0. Equation (22)

implies that ∂a∗2/∂λ < 0 since D∗ > 0, g(λa∗1 − a∗2) + λa∗1g
′(λa∗1 − a∗2) > 0, and

g′(a∗1 − a∗2) < 0.

Now consider part (ii) where the equilibrium efforts (a∗1, a
∗
2) satisfy g(λa∗1 − a∗2) +

λa∗1g
′(λa∗1−a∗2) < 0 and λa∗1 > a∗2 > a∗1. The inequality λa

∗
1 > a∗2 implies g

′(λa∗1−a∗2) <
0 and the inequality a∗2 > a∗1 implies g

′(a∗1− a∗2) > 0. Therefore, λg′(λa∗1− a∗2)g′(a∗1−
a∗2)(∆u)2 < 0. However, rearranging D∗ we obtain

D∗ = λ(1− λ)g′(λa∗1 − a∗2)g′(a∗1 − a∗2)(∆u)2 − λ2g′(λa∗1 − a∗2)c′′(a∗2)∆u

+g′(a∗1 − a∗2)c′′(a∗1)∆u+ c′′(a∗1)c
′′(a∗2). (25)

When g′(λa∗1 − a∗2) < 0 and g′(a∗1 − a∗2) > 0, the first term in (25) is positive since

λ > 1. The second and third terms in (25) are also positive since g′(λa∗1 − a∗2) < 0

and g′(a∗1 − a∗2) > 0, respectively. Finally, the fourth term in (25) is also positive

since c′′ > 0. Hence, D∗ > 0. Equation (23) implies that ∂a∗1/∂λ < 0 since D∗ > 0,

g(λa∗1 − a∗2) + λa∗1g
′(λa∗1 − a∗2) < 0, and g′(a∗1 − a∗2)∆u + c′′(a∗2) > 0. Equation

(22) implies that ∂a∗2/∂λ < 0 since D∗ > 0, g(λa∗1 − a∗2) + λa∗1g
′(λa∗1 − a∗2) < 0,

and g′(a∗1 − a∗2) > 0. Finally, note that equation (22) and g′(a∗1 − a∗2) > 0 imply

∂a∗1/∂λ < ∂a∗2/∂λ.

Proof of Lemma 5: The best response of worker 1 is defined implicitly by (16).

Hence, the slope of the best response of worker 1, R′1(a2), is given by

−∂R1/∂a2
∂R1/∂a1

= −
∂2E[U1(a1,a2,λ)]

∂a1∂a2
∂2E[U1(a1,a2,λ)]

∂a21

=
λg′(λa1 − a2 − µ)∆u

λ2g′(λa1 − a2 − µ)∆u− c′′(a1)
.

The denominator is the second derivative of worker 1’s perceived expected utility

and so it is negative. Therefore, the sign of the slope of worker 1’s best response is

only determined by the sign of the numerator which only depends on g′(λa1−a2−µ).

Hence, R′1(a2) is positive for λa1 > a2 + µ, zero for λa1 = a2 + µ, and negative for
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λa1 < a2 + µ. This implies that R1(a2) increases in a2 for λa1 > a2 + µ, reaches the

maximum at λa1 = a2 + µ, and decreases in a2 for λa1 < a2 + µ. The best response

of worker 2 is defined implicitly by (17). Hence, the slope of the best response of

worker 2, R′2(a1), is given by

−∂R2/∂a1
∂R2/∂a2

= −
∂2E[U2(a1,a2)]

∂a2∂a1
∂2E[U2(a1,a2)]

∂a22

=
−g′(a1 − a2 − µ)∆u

−g′(a1 − a2 − µ)∆u− c′′(a2)
.

The denominator is the second derivative of worker 2’s expected utility and so it

is negative. Therefore, the sign of the slope of worker 2’s best response is only

determined by the sign of the numerator which only depends on g′(a1 − a2 − µ).

Hence, R′2(a1) is positive for a1 < a2 + µ, zero for a1 = a2 + µ, and negative for

a1 > a2 + µ. This implies that R2(a1) increases in a1 for a1 > a2 + µ, reaches the

maximum at a1 = a2 + µ, and decreases in a1 for a1 < a2 + µ.

Proof of Lemma 6: Worker 1’s best response is defined by (16):

λg(λa1 − a2 − µ)∆u− c′(a1) = 0.

Hence, we have

∂R1(a2)

∂µ
=
∂2G(λa1 − a2 − µ)

∂a1∂µ
∆u = −λg′(λa1 − a2 − µ)∆u.

Since λ > 1 and ∆u > 0, we see that ∂R1(a2)/∂λ S 0 for

−g′(λa1 − a2 − µ) S 0.

Worker 2’s best response is defined by (17):

g(a1 − a2 − µ)∆u− c′(a2) = 0.

Hence, we have

∂R2(a1)

∂µ
=
∂2[1−G(a1 − a2 − µ)]

∂a2∂µ
∆u = −g′(a1 − a2 − µ)∆u.
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Since ∆u > 0, we see that ∂R2(a1)/∂µ S 0 for

−g′(a1 − a2 − µ) S 0.

Substituting next λa1 = a2+µ into the first-order condition of worker 1 and denoting

the maximal effort he is willing to exert in the tournament by amax1 we obtain

λg(0)∆u = c′(amax1 ).

This implies that amax1 does not depend on µ. Substituting next a2 = a1 − µ into
the first-order condition of worker 2 and denoting the maximal effort he is willing to

exert in the tournament by amax2 we obtain

g(0)∆u = c′(amax2 ).

This implies that amax2 does not depend on µ.

Proof of Lemma 7: Worker 1’s best response is defined by (16):

λg(λa1 − a2 − µ)∆u− c′(a1) = 0.

Hence, we have

∂R1(a2)

∂λ
=
∂2G(λa1 − a2 − µ)

∂a1∂λ
∆u = [g(λa1 − a2 − µ) + λa1g

′(λa1 − a2 − µ)] ∆u.

Since ∆u > 0, we see that ∂R1(a2)/∂λ S 0 for

∂2G(λa1 − a2 − µ)

∂a1∂λ
= g(λa1 − a2 − µ) + λa1g

′(λa1 − a2 − µ) S 0.

It follows from λg(0)∆u = c′(amax1 ) that amax1 increases in λ. It follows from g(0)∆u =

c′(amax2 ) that amax2 does not dependent of λ.

Proof of Lemma 8: To prove the equilibrium is unique, observe first that when the

workers’best responses cross it is impossible that they are both negatively sloped,

that is, R′i(a
∗
j) < 0 for both workers. Indeed, from Lemma 8 we know that if at

56



equilibrium R′1(a
∗
2) < 0, then it must be the case that λa1 < a2 + µ. Since λ > 1,

λa1 < a2 + µ implies a1 < a2 + µ, so that R′2(a
∗
2) > 0. To prove that the equilibrium

is unique is then suffi cient to show that the composite function Γ(a1, a2) = R
′
1(a2) ◦

R
′
2(a1) has a slope smaller than 1 for any equilibrium pair (a∗1, a

∗
2), since the function

is continuous on R. Having excluded that R′i(a
∗
j) < 0 for both workers, we simply

need to prove that if R′i(a
∗
j) > 0 for both workers, then the product of the best

response functions is smaller than 1:

Γ(a∗1, a
∗
2) =

λg′(λa∗1 − a∗2 − µ)∆u

λ2g′(λa∗1 − a∗2 − µ)∆u− c′′(a∗1)
g′(a∗1 − a∗2 − µ)∆u

g′(a∗1 − a∗2 − µ)∆u+ c′′(a∗2)
< 1.

If R′1(a
∗
2) > 0, then we know from Lemma 8 that g′(λa∗1 − a∗2 − µ) < 0. Hence,

R′1(a
∗
2) ∈ (0, 1). If R′2(a

∗
1) > 0, then we know from Lemma 8 that g′(a∗1−a∗2−µ) > 0.

Hence, R′2(a
∗
1) ∈ (0, 1). Since R′i(a

∗
j) ∈ (0, 1) for both workers we have Γ(a∗1, a

∗
2) < 1.

Proof of Proposition 2: When both workers are unbiased, λ = 1, and worker 2

has a productivity advantage µ, the pure-strategy Nash equilibrium (â1, â2) solves

g(â1 − â2 − µ)∆u = c′(â1) and g(â1 − â2 − µ)∆u = c′(â2). Hence, we must have

â1 = â2 = â where â solves g(−µ)∆u = c′(â). Lemma 5 implies that at â the slope

of worker 1’s best response, R′1(â) = g′(−µ)∆u/[g′(−µ)∆u − c′′(â)], is negative,

R′1(â) < 0. Lemma 5 also implies that at â the slope of worker 2’s best response,

R′2(â) = g′(−µ)∆u/[g′(−µ)∆u + c′′(â)], is positive and less than 1, R′2(â) ∈ (0, 1).

Finally, symmetry of g(x) implies P1(â1, â2) = G(−µ) < 1/2 < P2(â1, â2) = 1 −
G(−µ).

(i) When ∂2P1(a∗1, a
∗
2, λ)/∂a1∂λ = g(λa∗1− a∗2− µ) + λa∗1g

′(λa∗1− a∗2− µ) > 0, worker

1’s overconfidence expands his best response for low effort of the rival. At point

(amax1 , amax2 ), where c′(amax1 ) = λg(0)∆u and amax2 = a∗, the best response of worker

1 satisfies

λg(λamax1 − a∗ − µ)∆u = c′(amax1 ),

or

λg(λamax1 − a∗ − µ)∆u = λg(0)∆u,
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or

g(λamax1 − a∗ − µ) = g(0),

or

λamax1 − a∗ − µ = 0,

or

amax1 =
a∗ + µ

λ
,

or

c′(amax1 ) = c′
(
a∗ + µ

λ

)
,

or

λg(0)∆u = c′
(
a∗ + µ

λ

)
. (26)

There exists only one threshold value for λ such that (26) is satisfied. To see this

note that when λ = 1 the left-hand side of (26) is less than the right-hand side of

(26) since g(0)∆u = c′ (a∗) < c′ (a∗ + µ). In addition, the left-hand side of (26)

is monotonically increasing in λ and the right-hand side of (26) is monotonically

decreasing in λ with limλ→∞ c
′ ((a∗ + µ)/λ) = 0. Assume

λ <
c′
(
a∗+µ
λ

)
g(0)∆u

. (27)

The outward shift of worker 1’s best response, the concavity of worker 2’s best

response, and (27) imply that when the best responses cross R′1(a
∗
2) < 0 and R′2(a

∗
1) >

0. Lemma 5 and R′1(a
∗
2) < 0 imply λa∗1−a∗2−µ < 0. Lemma 5 and R′2(a

∗
1) > 0 imply

a∗1 − a∗2 − µ < 0. Since λ > 1, we have

a∗1 − a∗2 − µ < λa∗1 − a∗2 − µ < 0.

This, g′(x) > 0 for x < 0, and λ > 1, imply λg(λa∗1 − a∗2 − µ) > g(a∗1 − a∗2 − µ).

This, and the first-order conditions, imply c′(a∗1) > c′(a∗2) or a
∗
1 > a∗2. Worker 1 is

the underdog since a∗1 − a∗2 − µ < 0 implies

P1(a
∗
1, a
∗
2) = G(a∗1 − a∗2 − µ) < 1/2 < 1−G(a∗1 − a∗2 − µ) = P2(a

∗
1, a
∗
2).
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Now assume

amax1 < a∗ + µ,

or

c′(amax1 ) < c′(a∗ + µ),

or

λg(0)∆u < c′(a∗ + µ),

or

λ <
c′(a∗ + µ)

g(0)∆u
. (28)

Let
c′
(
a∗+µ
λ

)
g(0)∆u

< λ <
c′(a∗ + µ)

g(0)∆u
(29)

The outward shift of worker 1’s best response, the concavity of worker 2’s best

response, and (29), imply that when the best responses cross R′1(a
∗
2) > 0 and

R′2(a
∗
1) > 0. Lemma 5 and R′1(a

∗
2) > 0 imply λa∗1 − a∗2 − µ > 0. Lemma 5 and

R′2(a
∗
1) > 0 imply a∗1 − a∗2 − µ < 0. Hence, we have

a∗1 − a∗2 − µ < 0 < λa∗1 − a∗2 − µ.

Worker 1 is the underdog since a∗1 − a∗2 − µ < 0 implies

P2(a
∗
1, a
∗
2) = 1−G(a∗1 − a∗2 − µ) > 1/2 > P1(a

∗
1, a
∗
2) = G(a∗1 − a∗2 − µ).

(ii) When ∂2P1(a∗1, a
∗
2, λ)/∂a1∂λ = g(λa∗1− a∗2−µ) +λa∗1g

′(λa∗1− a∗2−µ) > 0, worker

1’s overconfidence expands his best response for low effort of the rival. Assume

λ >
c′(a∗ + µ)

g(0)∆u
. (30)

The outward shift of worker 1’s best response, the concavity of worker 2’s best

response, and (30) imply that when the best responses cross R′1(a
∗
2) > 0 and R′2(a

∗
1) <

0. Lemma 5 and R′1(a
∗
2) > 0 imply λa∗1 − a∗2 − µ > 0. Lemma 5 and R′2(a

∗
1) < 0

59



imply a∗1− a∗2−µ > 0. Note that a∗1− a∗2−µ > 0 implies a∗1− a∗2 > µ > 0, and hence

a∗1 > a∗2. Since λ > 1, we also have

0 < a∗1 − a∗2 − µ < λa∗1 − a∗2 − µ.

Worker 1 is the favorite since a∗1 − a∗2 − µ > 0 implies

P1(a
∗
1, a
∗
2) = G(a∗1 − a∗2 − µ) > 1/2 > 1−G(a∗1 − a∗2 − µ) = P2(a

∗
1, a
∗
2).

Note that λa∗1 − a∗2 − µ > a∗1 − a∗2 − µ imply

P1(a
∗
1, a
∗
2, λ) = G(λa∗1 − a∗2 − µ) > P1(a

∗
1, a
∗
2) = G(a∗1 − a∗2 − µ).

(iii) When ∂2P1(a
∗
1, a
∗
2, λ)/∂a1∂λ = g(λa∗1 − a∗2 − µ) + λa∗1g

′(λa∗1 − a∗2 − µ) < 0,

worker 1’s overconfidence contracts his best response for low effort of the rival. Since

g′(λa∗1 − a∗2 − µ) < 0 we have λa∗1 − a∗2 − µ > 0. The inward shift of worker 1’s

best response and the concavity of worker 2’s best response imply that the two best

responses intercept when the workers’best responses are positively sloped, R′1(a
∗
2) >

0 and R′2(a
∗
1) > 0. Lemma 5 and R′1(a

∗
2) > 0 imply λa∗1 − a∗2 − µ > 0. Lemma 5 and

R′2(a
∗
1) > 0 imply a∗1 − a∗2 − µ < 0. Hence, we have

a∗1 − a∗2 − µ < 0 < λa∗1 − a∗2 − µ.

Worker 1 is the underdog since a∗1 − a∗2 − µ < 0 implies

P2(a
∗
1, a
∗
2) = 1−G(a∗1 − a∗2 − µ) > 1/2 > P1(a

∗
1, a
∗
2) = G(a∗1 − a∗2 − µ).

If the workers’best responses are positively sloped when they intercept we must have

a∗1 < a∗2. This implies λg(λa∗1 − a∗2 − µ) < g(a∗1 − a∗2 − µ). This and λ > 1 imply

g(λa∗1 − a∗2 − µ) < g(a∗1 − a∗2 − µ).

Finally, a∗1 − a∗2 − µ < 0 < λa∗1 − a∗2 − µ and g(λa∗1 − a∗2 − µ) < g(a∗1 − a∗2 − µ) imply

P1(a
∗
1, a
∗
2, λ) = G(λa∗1 − a∗2 − µ) > P2(a

∗
1, a
∗
2) = 1−G(a∗1 − a∗2 − µ).
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Proof of Lemma 9: Worker 1’s first-order condition is

∂E[U1(a1, a2, λ)]

∂a1
=

∂

∂a1
[u(yL) +G((1− λ)a1 − a2)∆u− c(a1)] = 0.

Hence, worker 1’s best response, R1(a2), is defined implicitly by

(1− λ)g((1− λ)a1 − a2)∆u− c′(a1) = 0,

and the slope of worker 1’s best response, R′1(a2), is given by

−∂R1/∂a2
∂R1/∂a1

= −
∂2E[U1(a1,a2,λ)]

∂a1∂a2
∂2E[U1(a1,a2,λ)]

∂a21

=
(1− λ)g′((1− λ)a1 − a2)∆u

(1− λ)2g′((1− λ)a1 − a2)∆u− c′′(a1)
.

The denominator is the second derivative of worker 1’s perceived expected utility and

so it is negative. Therefore, the sign of the slope of worker 1’s best response is only

determined by the sign of the numerator which only depends on g′((1− λ)a1 − a2).
Hence, R′1(a2) is positive for a2 < (1−λ)a1, zero for a2 = (1−λ)a1, and negative for

a2 > (1− λ)a1. This implies that R1(a2) increases in a2 for a2 < (1− λ)a1, reaches

the maximum at a2 = (1− λ)a1, and decreases in a2 for a2 > (1− λ)a1.

Proof of Lemma 10: Thus, we have

∂R1(a2)

∂λ
=

∂2G((1− λ)a1 − a2)
∂a1∂λ

∆u

= [−g((1− λ)a1 − a2)− (1− λ)a1g
′((1− λ)a1 − a2)] ∆u.

Since ∆u > 0, we see that ∂R1(a2)/∂λ S 0 for

∂2G((1− λ)a1 − a2)
∂a1∂λ

= −g((1− λ)a1 − a2)− (1− λ)a1g
′((1− λ)a1 − a2) S 0.

Substituting next (1 − λ)a1 = a2 into the first-order condition of worker 1 and

denoting the maximal effort he is willing to exert in the tournament by amax1 we

obtain

(1− λ)g(0)∆u = c′(amax1 ).
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This implies that amax1 decreases in λ. Substituting next a2 = a1 into the first-order

condition of worker 2 and denoting the maximal effort he is willing to exert in the

tournament by amax2 we obtain

g(0)∆u = c′(amax2 ).

This implies that amax2 does not depend on λ.

Proof of Lemma 11: To prove the equilibrium is unique, observe first that when the

workers’best responses cross it is impossible that they are both positively sloped,

that is, R′i(a
∗
j) > 0 for both workers. Indeed, from Lemma 1 we know that if at

equilibrium R′2(a
∗
1) > 0, then it must be the case that a1 < a2. Since λ ∈ (0, 1),

a1 < a2 implies (1 − λ)a1 < a2. This together with Lemma 9 implies R′1(a
∗
2) < 0.

When the workers’ best responses cross it is also impossible that they are both

negatively sloped, that is, R′i(a
∗
j) < 0 for both workers. Indeed, from Lemma 10

we have (1 − λ)g(0)∆u = c′(amax1 ) and g(0)∆u = c′(amax2 ). This and λ ∈ (0, 1)

imply amax1 < amax2 = a∗, that is, the maximal effort worker 1 is willing to exert in

the tournament, amax1 , falls below the value of a1 where R2(a1) attains its maximum

value, a∗. If that is the case, there cannot exist an equilibrium where R2 is negatively

sloped. Hence, in equilibrium, R1 must have a negative slope and R2 must have a

positive slope, R′1(a
∗
2) < 0 and R′2(a

∗
1) > 0. The equilibrium is unique since the

composite function Γ(a1, a2) = R
′
1(a2) ◦ R

′
2(a1) has a slope smaller than 1 when

R′1(a
∗
2) < 0 and R′2(a

∗
1) > 0.

Proof of Lemma 12: At the 45 degree line, a1 = a2 = ā, the best response of

worker 1 satisfies

(1− λ)g(−λā)∆u = c′(ā).

The symmetric equilibrium effort in a tournament where both workers are unbiased

a∗ is given by

g(0)∆u = c′(a∗).

Since λ ∈ (0, 1) and g(−λā) < g(0) it follows that c′(ā) < c′(a∗) or ā < a∗.

62



Proof of Proposition 3: Let (a∗1, a
∗
2) denote the pure-strategy Nash equilibrium

of the tournament, that is, (a∗1, a
∗
2) solves (1 − λ)g((1 − λ)a∗1 − a∗2)∆u = c′(a∗1) and

g(a∗1 − a∗2)∆u = c′(a∗2). We know from Lemma 1 that worker 2’s best response is

concave and located above the 45 degree line for any a1 < a∗. We know from Lemma

5 that worker 1’s best response is negatively sloped when (1 − λ)a1 < a2. We from

Lemma 6 that for high effort of the rival, (1 − λ)a1 ≤ a2, underconfidence shifts

worker 1’s best response inwards. We know from Lemma 11 that worker 1’s best

response crosses the 45 degree line at effort level ā < a∗ and has a negative slope

at the 45 degree line. Hence, worker 1’s best response must intercept worker 2’s

best response above the 45 degree line. Hence, in the unique pure-strategy Nash

equilibrium we have a∗2 > a∗1, R
′
1(a
∗
2) < 0, and R′2(a

∗
1) > 0. Since the underconfident

worker exerts less effort than the unbiased worker, the underconfident worker is the

underdog and the unbiased worker is the favorite. Furthermore, a∗1 < ā < a∗ and

ā < a∗2 < a∗. This shows that if worker 1 is underconfident and worker 2 is unbiased,

then both workers exert less effort than if both were unbiased. Finally, it is easy to

check, using similar derivations as in Proposition 1, that ∂a∗1/∂λ < ∂a∗2/∂λ < 0. In

other words, an increase in underconfidence lowers the efforts of both workers but

more so that of the underconfident worker.

Proof of Lemma 13: Worker 1’s best response, R1(a2), is defined implicitly by

(1− λ)g((1− λ)a1 − a2 + µ)∆u− c′(a1) = 0,

and the slope of worker 1’s best response, R′1(a2), is given by

−∂R1/∂a2
∂R1/∂a1

= −
∂2E[U1(a1,a2,λ)]

∂a1∂a2
∂2E[U1(a1,a2,λ)]

∂a21

=
(1− λ)g′((1− λ)a1 − a2 + µ)∆u

(1− λ)2g′((1− λ)a1 − a2 + µ)∆u− c′′(a1)
.

The denominator is the second derivative of worker 1’s perceived expected utility and

so it is negative. Therefore, the sign of the slope of worker 1’s best response is only

determined by the sign of the numerator which only depends on g′((1−λ)a1−a2+µ).

Hence, R′1(a2) is positive for a2 < (1−λ)a1+µ, zero for a2 = (1−λ)a1+µ, and negative
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for a2 > (1−λ)a1+µ. This implies that R1(a2) increases in a2 for a2 < (1−λ)a1+µ,

reaches the maximum at a2 = (1−λ)a1+µ, and decreases in a2 for a2 > (1−λ)a1+µ.

Worker 2’s best response is defined implicitly by

g(a1 − a2 + µ)∆u− c′(a2) = 0,

and the slope of worker 2’s best response, R′2(a1), is given by

−∂R2/∂a1
∂R2/∂a2

= −
∂2E[U2(a1,a2)]

∂a2∂a1
∂2E[U2(a1,a2)]

∂a22

=
−g′(a1 − a2 + µ)∆u

−g′(a1 − a2 + µ)∆u− c′′(a2)
.

The denominator is the second derivative of worker 2’s expected utility and so it

is negative. Therefore, the sign of the slope of worker 2’s best response is only

determined by the sign of the numerator which only depends on g′(a1 − a2 + µ).

Hence, R′2(a1) is positive for a1 < a2 − µ, zero for a1 = a2 − µ, and negative for

a1 > a2 − µ. This implies that R2(a1) increases in a1 for a1 > a2 − µ, reaches the
maximum at a1 = a2 − µ, and decreases in a1 for a1 < a2 − µ.

Proof of Lemma 14: Worker 1’s best response is defined by:

(1− λ)g((1− λ)a1 − a2 + µ)∆u− c′(a1) = 0.

Hence, we have

∂R1(a2)

∂µ
= (1− λ)g′((1− λ)a1 − a2 + µ)∆u.

Since λ ∈ (0, 1) and ∆u > 0, we see that ∂R1(a2)/∂λ S 0 for

g′((1− λ)a1 − a2 + µ) S 0.

Worker 2’s best response is defined by:

g(a1 − a2 + µ)∆u− c′(a2) = 0.

Hence, we have
∂R2(a1)

∂µ
= g′(a1 − a2 + µ)∆u.

64



Since ∆u > 0, we see that ∂R2(a1)/∂µ S 0 for

g′(a1 − a2 + µ) S 0.

Substituting next (1 − λ)a1 = a2 − µ into the first-order condition of worker 1 and
denoting the maximal effort he is willing to exert in the tournament by amax1 we

obtain

(1− λ)g(0)∆u = c′(amax1 ).

This implies that amax1 does not depend on µ. Substituting next a2 = a1 + µ into

the first-order condition of worker 2 and denoting the maximal effort he is willing to

exert in the tournament by amax2 we obtain

g(0)∆u = c′(amax2 ).

This implies that amax2 does not depend on µ.

Proof of Lemma 15: Worker 1’s best response is defined by:

(1− λ)g((1− λ)a1 − a2 + µ)∆u− c′(a1) = 0.

Thus, we have

∂R1(a2)

∂λ
=

∂2G((1− λ)a1 − a2 + µ)

∂a1∂λ
∆u

= [−g((1− λ)a1 − a2 + µ)− (1− λ)a1g
′((1− λ)a1 − a2 + µ)] ∆u.

Since ∆u > 0, we see that ∂R1(a2)/∂λ S 0 for

∂2G((1− λ)a1 − a2 + µ)

∂a1∂λ
= −g((1−λ)a1−a2+µ)−(1−λ)a1g

′((1−λ)a1−a2+µ) S 0.

Substituting next (1 − λ)a1 = a2 − µ into the first-order condition of worker 1 and
denoting the maximal effort he is willing to exert in the tournament by amax1 we

obtain

(1− λ)g(0)∆u = c′(amax1 ).
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This implies that amax1 decreases in λ. Substituting next a2 = a1 + µ into the first-

order condition of worker 2 and denoting the maximal effort he is willing to exert in

the tournament by amax2 we obtain

g(0)∆u = c′(amax2 ).

This implies that amax2 does not depend on λ.

Proof of Lemma 16: We know from Lemma 13 that if at equilibrium R′2(a
∗
1) > 0,

then it must be the case that a1 + µ < a2. Since λ ∈ (0, 1), a1 + µ < a2 implies

(1− λ)a1 + µ < a2, so that R′1(a
∗
2) < 0.

Proof of Proposition 4: When both workers are unbiased, λ = 0, and worker 1

has a productivity advantage µ, the pure-strategy Nash equilibrium (â1, â2) solves

g(â1 − â2 + µ)∆u = c′(â1) and g(â1 − â2 + µ)∆u = c′(â2). Hence, we must have

â1 = â2 = â where â solves g(µ)∆u = c′(â). Lemma 13 implies that at â the slope

of worker 1’s best response, R′1(â) = g′(µ)∆u/[g′(µ)∆u− c′′(â)], is positive and less

than 1, R′1(â) ∈ (0, 1). Lemma 13 also implies that at â the slope of worker 2’s

best response, R′2(â) = g′(µ)∆u/[g′(µ)∆u + c′′(â)], is negative, R′2(â) < 0. Finally,

symmetry of g(x) implies P1(â1, â2) = G(µ) > 1/2 > P2(â1, â2) = 1−G(µ).

At point (amax1 , amax2 ), where c′(amax1 ) = (1 − λ)g(0)∆u and amax2 = a∗, the best

response of worker 1 satisfies

(1− λ)g((1− λ)amax1 − a∗ + µ)∆u = c′(amax1 ),

or

(1− λ)g((1− λ)amax1 − a∗ + µ)∆u = (1− λ)g(0)∆u,

or

g((1− λ)amax1 − a∗ + µ) = g(0),

or

(1− λ)amax1 − a∗ + µ = 0,
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or

amax1 =
a∗ − µ
1− λ ,

or

c′(amax1 ) = c′
(
a∗ − µ
1− λ

)
,

or

(1− λ)g(0)∆u = c′
(
a∗ − µ
1− λ

)
. (31)

There exists only one threshold value for λ such that (31) is satisfied. To see this

note that when λ = 0 the left-hand side of (31) is greater than the right-hand side

of (31) since g(0)∆u = c′ (a∗) > c′ (a∗ − µ). In addition, the left-hand side of (31)

is monotonically decreasing in λ and the right-hand side of (31) is monotonically

increasing in λ with limλ→1 c
′ ((a∗ − µ)/(1− λ)) =∞. Assume from now on that

(1− λ)g(0)∆u > c′
(
a∗ − µ
1− λ

)
,

or

λ < 1−
c′
(
a∗−µ
1−λ

)
g(0)∆u

.

When this inequality holds we have R′1(a
∗
2) > 0 and R′2(a

∗
1) < 0. The equilibrium

is unique since R′1(a
∗
2) > 0 and R′2(a

∗
1) < 0 imply that the composite function

Γ(a∗1, a
∗
2) = R

′
1(a
∗
2) ◦ R

′
2(a
∗
1) has a slope smaller than 1. Lemma 13 and R′1(a

∗
2) > 0

imply (1 − λ)a∗1 − a∗2 + µ > 0. Lemma 13 and R′2(a
∗
1) < 0 imply a∗1 − a∗2 + µ > 0.

Hence, we have

0 < (1− λ)a∗1 − a∗2 + µ < a∗1 − a∗2 + µ.

Worker 1 is the favorite since a∗1 − a∗2 + µ > 0 implies

P1(a
∗
1, a
∗
2) = G(a∗1 − a∗2 + µ) > 1/2 > P2(a

∗
1, a
∗
2) = 1−G(a∗1 − a∗2 + µ).

Note that in this case we have

a∗ − µ
1− λ < amax1 < a∗.
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(i) It follows from the above and Lemma 15 that a necessary condition for undercon-

fidence to raise the effort of worker 1 is that

â < amax1 ,

or

c′(â) < c′(amax1 ),

or

g(µ)∆u < (1− λ)g(0)∆u,

or

g(µ)/g(0) < 1− λ,

or

λ < 1− g(µ)/g(0). (32)

Hence, when (32) holds we have a∗2 < â < a∗1. Furthermore when

λ > 1− g(µ)/g(0), (33)

we have a∗1 < â < a∗2.

Proof of Proposition 5: Assume

1−
c′
(
a∗−µ
1−λ

)
g(0)∆u

< λ < 1− c′ (a∗ − µ)

g(0)∆u
.

When these two inequalities hold there is a moderate inward shift of worker 1’s best

response. Given the concavity of worker 2’s best response, the best responses cross

whenR′1(a
∗
2) < 0 andR′2(a

∗
1) < 0. Lemma 13 andR′1(a

∗
2) < 0 imply (1−λ)a∗1−a∗2+µ <

0. Lemma 13 and R′2(a
∗
1) < 0 imply a∗1 − a∗2 + µ > 0. Hence, we have

(1− λ)a∗1 − a∗2 + µ < 0 < a∗1 − a∗2 + µ.

Worker 1 is the favorite since a∗1 − a∗2 + µ > 0 implies

P1(a
∗
1, a
∗
2) = G(a∗1 − a∗2 + µ) > 1/2 > P2(a

∗
1, a
∗
2) = 1−G(a∗1 − a∗2 + µ).
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Proof of Proposition 6: Assume

λ > 1− c′ (a∗ − µ)

g(0)∆u
.

When this inequality holds there is a large inward shift of worker 1’s best response.

Given the concavity of worker 2’s best response, the best responses cross when

R′1(a
∗
2) < 0 and R′2(a

∗
1) > 0. The equilibrium is unique since R′1(a

∗
2) < 0 and

R′2(a
∗
1) > 0 imply that the composite function Γ(a∗1, a

∗
2) = R

′
1(a
∗
2)◦R

′
2(a
∗
1) has a slope

smaller than 1. Lemma 13 and R′1(a
∗
2) < 0 imply (1− λ)a∗1 − a∗2 + µ < 0. Lemma 13

and R′2(a
∗
1) > 0 imply a∗1 − a∗2 + µ < 0. Since λ ∈ (0, 1), we have

(1− λ)a∗1 − a∗2 + µ < a∗1 − a∗2 + µ < 0.

Worker 1 is the underdog since a∗1 − a∗2 + µ < 0 implies

P1(a
∗
1, a
∗
2) = G(a∗1 − a∗2 + µ) < 1/2 < P2(a

∗
1, a
∗
2) = 1−G(a∗1 − a∗2 + µ).

Note that in this case we have

amax1 < a∗ − µ.
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