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Abstract

Although gender differences in overconfidence have been extensively documented
in empirical research, their consequences for labor market outcomes remain under-
explored in the theoretical literature. This paper develops a promotion-signaling
model with competitive incentives and endogenously determined wages to exam-
ine how men’s relatively higher overconfidence contributes to gender differences in
career advancement and earnings. Our theoretical results show that overconfident
workers exert more effort, are promoted more often, and earn higher wages across
hierarchical levels, despite having lower expected ability conditional on promotion.
This increased effort also promotes human capital accumulation through learning-
by-doing, which ultimately increases productivity. At the same time, overconfidence
acts as a double-edged sword: while it facilitates favorable career outcomes through
higher promotion probabilities and wages, it also imposes greater effort costs and
can discourage peers, potentially undermining overall outcomes in certain contexts.
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1 Introduction

Labor market outcomes for men and women have increasingly converged in recent
decades, driven by changes in cultural norms, family-friendly workplace policies, and
more generous parental leave and childcare support. However, significant gender gaps
remain, particularly in high-skill and high-wage occupations. While men and women
with similar skills often start their careers with comparable earnings, gender gaps emerge
over time (Noonan et al., 2005, Manning and Swaffield, 2008, Bertrand et al., 2010, Az-
mat and Ferrer, 2017). Economists point to several key contributors to these differences,
including the demands of long hours, psychological traits related to competitive behav-
ior, and the impact of child-rearing responsibilities (Goldin, 2014).!

In this study, we examine how overconfidence, which is often more prevalent among
men, affects labor market outcomes under competitive work incentives. We do this
by embedding overconfidence in a promotion-signaling model in which work effort si-
multaneously affects multiple labor market outcomes. Our focus is on competition for
promotions, given their important role in driving individual wage growth (Baker et al.,
1994b) and their prevalence as an incentive system in firms (Lazear and Rosen, 1981,
Green and Stokey, 1983, Malcomson, 1984, Baker et al., 1994a,b, Prendergast, 1999,
Bognanno, 2001, DeVaro, 2006, DeVaro et al., 2019).2

The key feature of our model is that it accounts for the superior information that
incumbent employers have about their workers and the reliance of outside firms on
observable signals in hiring (Waldman, 1990, Acemoglu and Pischke, 1998). Thus, in-
ternal promotions signal workers’ skills and influence wage offers from both current em-
ployers and outside firms (Waldman, 1984). Such asymmetric learning and promotion
signals have been extensively studied as drivers of labor market outcomes (Bernhardt,

LA growing body of literature points to behavioral differences between men and women in response
to competitive environments. Studies have found that women are less likely than men to select into
competitive economic environments and are more reluctant to accept performance-based pay (Gneezy
et al., 2003, Niederle and Vesterlund, 2007, Croson and Gneezy, 2009). In addition, women tend to
be less active in seeking promotions (Bosquet et al., 2019), negotiate lower salaries (Sdve-Soderbergh,
2019), and are more likely to volunteer for tasks that contribute little to career advancement (Babcock
et al., 2017). Conversely, certain roles and tasks associated with male stereotypes tend to attract men
while discouraging women from pursuing such opportunities (Dreber et al., 2014, Flory et al., 2015,
Flory et al., 2021). In addition, men are more likely to sabotage colleagues and compete aggressively
against women (Dato and Nieken, 2014).

2Extensive empirical research has consistently documented gender differences in overconfidence in a
variety of settings (e.g., Camerer and Lovallo, 1999; Niederle and Vesterlund, 2007; Hoffman and Burks,
2020; Sarsons and Xu, 2021; Brilon et al., 2024). For example, Niederle and Vesterlund (2007) found that
men were almost twice as likely as women to choose a competitive pay system, attributing this disparity
to overconfidence and different preferences for competition. More recent findings by van Veldhuizen
(2022) suggest that self-selection into competitive pay structures is primarily driven by overconfidence
and risk aversion rather than an inherent preference for competition. In addition, Adamecz-Vélgyi and
Shure (2022) showed that male overconfidence accounts for between 5 and 11 percent of the gender
employment gap in top positions. Overconfidence has also been found to be evolutionarily stable, serving
motivational and ego-protective functions (Waldman 1994; Zimmermann 2020).



1995, Zabojnik and Bernhardt, 2001, Ghosh and Waldman, 2010, DeVaro and Waldman,
2012, Zabojnik, 2012, Waldman, 2013, Giirtler and Giirtler, 2015, Waldman, 2016, De-
Varo et al., 2018, Giirtler and Giirtler, 2019). Empirical evidence for the signaling role
of promotions in wage determination is provided by DeVaro and Waldman (2012), Bog-
nanno and Melero (2016), and Cassidy et al. (2016), with their relevance demonstrated
by the exposure of promotion events on social media and hiring platforms.

Our contribution is to provide a theoretical analysis of the impact of overconfidence
on early career human capital investments and later career outcomes in the context of
job promotion competition. While the prior literature largely agrees that overconfidence
leads to increased effort, our paper uniquely links overconfidence to a broader set of
concurrent outcome gaps. These findings are consistent with empirical evidence show-
ing lower promotion probabilities for women (leading to underrepresentation in senior
corporate positions), wage differentials at the same hierarchical level, lower expected
wages for women, gender differences in human capital investment, and skill differen-
tials between promoted women and men. More broadly, our paper demonstrates how
behavioral biases can be studied within a promotion signaling framework, with broader
applications beyond this specific context.

We focus on two early career workers who make effort decisions that affect human
capital accumulation, promotion probabilities, and subsequent wages. These effort deci-
sions represent effective hours worked, which contribute to human capital development
through learning-by-doing (De Grip et al., 2016, Stinebrickner et al., 2019, Caplin et al.,
2022, James et al., 2022). Both workers have the same inherent ability distribution, but
one worker ("he") is overconfident, perceiving his ability as drawn from a superior dis-
tribution. Otherwise, the workers are identical, have the same preferences, and have
the same ex ante promotion chances. Within each firm, there are two job levels: an
entry-level position and a high-level (e.g., managerial) position. After gaining experi-
ence, one of the entry-level workers is promoted to the higher-level job. Productivity in
the higher-level position is more important to the firm. The incumbent firm observes
performance in the entry-level job, forms beliefs about the worker’s unobservable ability
and effort, and uses these beliefs to predict productivity in the managerial job.

Our main results are as follows. First, we show that the equilibrium promotion rule
is unbiased. It is in the firm’s best interest to promote the worker with the highest ex-
pected productivity, consistent with recent empirical evidence.® Second, we examine
how overconfidence affects career investment. Intuitively, overconfidence could lead to
either reduced or increased effort. On the one hand, a worker who perceives himself as
highly capable may feel less need to exert effort, believing that his chances of promotion

3For example, Azmat and Ferrer (2017) found that the gender gap in partnership status among lawyers
becomes statistically insignificant once performance is accounted for, suggesting that promotion decisions
are largely based on performance. Similarly, Bender et al. (2018) found that managerial human capital
has a significant impact on firm productivity.



are already high. On the other hand, if effort and ability are complements (Bénabou
and Tirole, 2002, Fang and Moscarini, 2005), higher perceived ability could lead the
overconfident worker to overestimate the marginal effect of effort, thus motivating in-
creased effort. We show that in our model, it is the marginal probabilities that drive
effort decisions. When effort and ability are complements, the overconfident worker al-
ways exerts more effort. However, when effort and ability are substitutes, both workers
exert the same effort in equilibrium. This result is consistent with existing theory and
empirical evidence (Chen and Schildberg-Hoérisch, 2019, Bruhin et al., 2024).*

Finally, our third result focuses on the long-term implications of overconfident work-
ers’ increased effort. Higher effort leads to a higher probability of promotion and higher
wages later in their careers, regardless of whether they are promoted. This simultane-
ously generates (gender) wage differentials across the hierarchy. Even though overconfi-
dent workers may have lower expected ability conditional on promotion, their increased
effort results in greater transferable human capital, making them more productive over-
all. Thus, overconfident workers may either benefit from these dynamics, consistent
with the concept of overconfidence as a “self-serving bias” (Bénabou and Tirole, 2002,
Zimmermann, 2020), or suffer from the costs of excessive effort. The outcome depends
on the interaction of these factors.

Our findings are consistent with several gender differences highlighted in the empir-
ical literature:

* At the beginning of their careers, men and women have equal earnings, but they
diverge over time due to men’s longer working hours and faster accumulation of
work experience (Landers et al., 1996, Azmat and Ferrer, 2017, Goldin, 2014).

* Women have lower promotion rates than men and are underrepresented at higher
levels of the corporate hierarchy (Goldin, 2014, Azmat and Ferrer, 2017, Cook
et al., 2021).

* Controlling for job level, women have lower wages than men (Blau and Kahn,
2017).

* Women in higher corporate positions tend to have higher ability than their male
counterparts (Heyman et al., 2020 notes that women “need higher skills to secure
a managerial position” and refers to the “skill-biased glass ceiling effect”, see also
Campbell and Hahl, 2022, Keloharju et al., 2022).°

“Effort and ability are typically complementary (Bénabou and Tirole, 2002, Bénabou and Tirole, 2003,
Fang and Moscarini, 2005). Bénabou and Tirole (2002) and Bénabou and Tirole (2003) argue that com-
plementarity between ability and effort is a fundamental principle in social psychology, although they
also acknowledge cases of substitutability, such as pass-fail rewards. We examine substitutes in Appendix
A.4 and discuss the results in section 3.

>We are grateful to Joacim Tag for pointing out that the working paper version Keloharju et al. (2016)



While overconfidence is not the only or most important explanation for gender gaps
in the labor market, it remains a noteworthy psychological trait supported by recent
empirical literature. Our approach takes overconfidence as a given and examines its
impact on labor market outcomes when firms use competitive promotion incentives.
Specifically, our results are derived under the assumption that overconfidence is the
only distinguishing factor between workers. They are equally productive (with identical
ability distributions) and have the same effort costs and competitive preferences. As a
result, we identify mechanisms that remain relevant even when all workers have equal
chances of success and women do not “shy away from competition”.

In the existing literature, only a few papers have theoretically examined the role
of overconfidence in promotion competition. Fang and Moscarini (2005) consider a
principal-agent setting with bonus payments and, similar to our model, examine the im-
pact of overconfidence when effort and ability are complements. Deng et al. (2024) con-
sider an employee’s confidence in another employee’s ability, along with the firm’s con-
fidence management and information disclosure policies. Santos-Pinto (2010, 2021),
Santos-Pinto and Sekeris (2023) investigate the effects of overconfidence in tourna-
ments where prizes (wages) are either exogenous or endogenous, but do not depend
on the identity of the tournament winner. In contrast, our promotion signaling model
allows wage offers to depend on the worker’s identity, allowing us to explain the gender
wage gap conditional on job level, a recurring empirical finding.

The gender differences in labor market outcomes that emerge from our framework
are driven by the increased effort of overconfident workers. In the context of our model,
this implies that policies aimed at limiting working hours could help mitigate the effects
of overconfidence, potentially reducing the gender gap in career progression and wages.®
Many modern labor markets have regulations that limit working hours. For example,
Sweden’s Working Time Act (arbetstidslag) explicitly aims to protect workers from ex-
cessive working hours by limiting daily, weekly and annual working hours. Another way
to influence working hours is through the regulation of workplace flexibility, such as the
duration of parental leave or mandates that regulate a minimum level of parental leave
offered at the firm level (Bastani et al. 2018, Del Rey et al. 2021) or childcare policies
that interact with social norms (Barigozzi et al. 2018), household decisions (Bastani
et al. 2020) or liquidity constraints (Casarico et al. 2023).

There are also firm-level strategies that aim to influence worker confidence more
directly. Deng et al. (2024) provides a theoretical analysis of a firm’s optimal informa-
tion disclosure policy when managing overconfident or underconfident workers, and

reports in Table 2 that Swedish female CEOs have a higher share of university education than their male
counterparts.

Another channel through which such working time regulations may affect gender equality is through
established gender differences in expected life expectancy. See Leroux and Ponthiere (2018) on the re-
distributive effects of unequal life expectancy.



identifies when de-biasing efforts are beneficial or detrimental to firm performance. As
reviewed in Hiigelschiafer and Achtziger (2014), empirical studies have shown mixed
results regarding the success of interventions aimed at addressing overconfidence. For
example, Grossman and Owens (2012) found that overconfidence is often resistant to
intervention, while Chen and Schildberg-Horisch (2019) demonstrated that providing
workers with information about their abilities can effectively reduce overconfidence-
driven effort.

The structure of the paper is as follows. Section 2 describes the model, while Section
3 characterizes the equilibrium and presents our main results. Section 4 discusses the
robustness of our results, while Section 5 concludes the paper. The appendix contains
derivations and proofs.

2 Model

We consider a competitive labor market with n > 3 identical firms. There are two
periods, t € {1, 2}, representing the early and late stages of workers’ careers. In period
1, one of the firms (hereafter the incumbent) hires two workers, A and B. Each worker
i € {A, B} produces output through a combination of ability ®; and effort e;. Following,
e.g., Holmstrom (1982), we assume symmetric uncertainty about ability; i.e., ability ©;
is a random variable and its realization, denoted by 6, is not observable by any firm or
worker (not even worker i). The ability of each worker is uniformly distributed on [0, 1]
with cdf F and pdf f:

0 x<0O
1 xel0,1]
f(x) = , Fix)=<x xel0,1]. @))
0 else
1 x>1

The key assumption of our model is that worker A is overconfident. Worker A overesti-
mates his ability, believing that his ability is drawn from a ‘better’ distribution, denoted
by cdf F and pdf f, with overconfidence parametery > 1.7 This probability distribution,
which we call the subjective ability distribution of A, first-order stochastically dominates
the actual ability distribution, giving greater weight to higher ability:

0 x<©O
n vx¥~! xel0,1] .
f(x) = F(x) =<x¥ xe€]0,1] (2)
0 else,
1 x>1.

’Overestimating one’s ability is referred to as overestimation, see Moore and Healy (2008).



Note that larger values of the overconfidence parameter y correspond to a greater de-
gree of overconfidence, while as y — 1 the overconfidence becomes negligible and the
subjective ability distribution coincides with the objective distribution F.

It is common knowledge that (only) worker A is overconfident, i.e., that A believes his
ability to be drawn from distribution F, whereas all other players assume that all abilities
follow distribution F. This implies that all other players know that A is overconfident,
while A knows that the other players disagree with his view of his ability distribution.
This “agree to disagree” assumption of non-common priors allows us to solve the game
in a tractable way. For a discussion of the non-common priors assumption, see, e.g., Sav-
age (1954), Aumann (1976), Kyle and Wang (1997), Brunnermeier and Parker (2005),
Fang and Moscarini (2005), Santos-Pinto (2010), and Deng et al. (2024). The common-
knowledge assumption can be justified in several ways. For example, personality traits
are typically revealed during job interviews, in confidential reference letters, or in in-
formal hiring networks. Moreover, gender differences in overconfidence are empirically
well-established.

There are two job levels within each firm: In period 1 (the early-career stage), work-
ers are employed by the incumbent firm in the low-level job L, but one of them can move
to the high-level job H by promotion.® Each worker i exerts an effort e; > ey > 0
(where e, is the minimum effort required to keep the current job) and produces an
output equal to

YiiL = cr + drei0;y, 3)

where ¢ and d; are strictly positive parameters characterizing the production technol-
ogy of the low-level job.” A higher value of d; implies a higher sensitivity of output to
worker productivity. Effort and ability are assumed to be complements, reflected in the
term e;0;. In Appendix A.4 we explore the case of substitutes.

The cost of effort is separable between periods and is given by c(e;) in period 1 and
c(emin) in period 2, where c’(e) > 0, ¢”(e) > 0 for all e > epin, and ¢’ (emin) = 0.1° The
cost function is assumed to be sufficiently steep given all other model parameters. This
serves the purpose of ruling out that a worker is promoted with certainty.!!

By working in period 1, workers acquire two forms of human capital. First, there is
firm-specific human capital, characterized by the parameter S, which cannot be trans-

8We assume that the high-level job requires firm-specific human capital or skills. Therefore, newly-
hired workers always work in the low-level job at each firm.
°The results would be qualitatively the same if we assigned different minimum efforts in both periods.
It is important that the period-2 minimum effort is positive because, otherwise, the period-2 output would
not be increasing in the worker’s productivity.
10The cost of effort in the second period is mostly ignored in our analysis because it is constant.
HAs the later analysis shows, this can be expressed as |q(e — e})| < 1, where e’ and e} are the
equilibrium efforts, and q(e} —e};), consequently, is the difference in transferable human capital between
the workers in equilibrium.



ferred to another firm.'? Second, there is transferable human capital acquired through
learning-by-doing, qe;, which strictly increases with effort in period 1 and is preserved
if the worker leaves the firm. The parameter q > O captures the relative importance of
ability and human capital in determining period-2 productivity.

At the end of period 1, one worker is promoted to job H in the incumbent firm, and
the other worker remains in job L. In period 2 (the late-career stage), workers choose
the minimum effort, e, since there are no further incentives in this two-period game.
The promoted worker has a period-2 output equal to

Yioh =Cn + (1 4+ S)dnemin(0i + qei), “4)

where ¢y and dyy are parameters characterizing the high-level job. The factor 0; 4 qe; is
the period-2 productivity of worker i, which includes the human capital acquired through
learning-by-doing in period 1.

The non-promoted worker has a period-2 output of

Yior =cL + (1 + S)dremin(0i + qei). 5)

Following Waldman (1984) and others, we assume ¢y < ¢ and dy > d, implying that
productivity is more important in the high-level job.*

The incumbent firm observes both workers’ output in period 1 and promotes a worker
to maximize its expected profit. Outside firms cannot observe individual output, but
they can observe who has been promoted and use this information to update their as-
sessments of workers’ abilities. The external firms simultaneously make individual wage
offers to all workers. The incumbent firm observes these offers and makes counteroffers.
Workers accept (one of) the highest offers, maximizing their expected period-2 payoffs.
Ties are broken randomly, except in the case where the period-1 employer is among the
firms making the highest offer, in which case a worker remains with the initial employer.
It is assumed that firm-specific human capital S is sufficiently high that, in equilibrium,
no outside firm succeeds in hiring a worker away from the period-1 employer. Following
the literature on promotion signaling (e.g., DeVaro and Waldman, 2012), we assume that
there is a small exogenous probability T that the incumbent mistakenly fails to make a
counteroffer, which is independent of worker ability. This assumption ensures that out-
side firms poach workers with positive probability, implying that the highest equilibrium

12The sole role of firm-specific human capital in our model (and in related models) is to provide an
advantage for the incumbent that justifies matching all competitive wage offers from outside firms. Its
exact modeling does not affect wage offers by external firms and thus wage setting in equilibrium. We
model this form of human capital in a simple way. Making it dependent on effort would not change the
results qualitatively.

13Baker et al. (1994b) argue that higher-level jobs are more sensitive to differences in ability.



offer from an outside firm is equal to the worker’s expected productivity.4

We further assume that external firms always assign workers to the low-level job L,
regardless of whether the worker was assigned to job L or H by the incumbent firm.'® If
hired by an external firm, the output of worker i would be

Uizt = ¢ + dremin(0i + qei). (6)

The incumbent firm makes a promotion decision based on expected profit maximization,
taking into account the anticipated wage offers from outside firms that will be made in
response to the promotion decision and that it will have to match to keep the workers.

The time structure is as follows (see Figure 1): At the beginning of period 1, one of
the firms hires both workers and assigns them to the low-level job. The two workers
then choose their efforts to produce outputs in period 1. At the end of period 1, the
incumbent firm observes these outputs and decides which worker to promote to the
high-level job. The external firms observe the promotion decision and then make wage
offers to the workers, to which the incumbent firms can respond. Finally, the workers
decide which offer to accept and choose effort to produce period 2 outputs.

Period 1 Period 2

[ I I | [ I I |
l.a 1.b l.c 1.d 2.a 2.b 2.¢c 2.d

l.a Nature determines workers’ abilities.

1.b  Workers are employed by (incumbent) firm.

1.c  Workers choose efforts to produce period-1 outputs.

1.d Firm observes outputs and promotes one of the workers.

2.a External firms observe promotion decision and offer wages to the workers.
2.b Incumbent firm makes counteroffer.

2.c  Workers decide about their preferred offer.

2.d Workers choose efforts to produce period-2 outputs.

Figure 1: Timing of events

141f this assumption were dropped, the same equilibrium would exist where the highest equilibrium offer
from an outside firm equals the worker’s expected productivity. However, the equilibrium would not be
unique, and other outcomes of period-2 bargaining would be possible. Furthermore, the assumption that t
is independent of worker ability eliminates the strong winner’s curse result that occurs in other asymmetric
learning models with firm-specific human capital and counteroffers (e.g., Ghosh and Waldman, 2010,
DeVaro and Waldman, 2012, Cassidy et al., 2016, and Waldman and Zax, 2016).

15All of our qualitative results would be the same if external firms always assigned workers to the high-
level job H. However, if external firms were to assign the two workers to different jobs, the analysis would
become far more complicated, as our finding (to be presented in Section 3) that the sum of wages does
not depend on which worker is promoted would no longer hold.



3 Equilibrium Characterization

We start by sketching the derivation of the equilibrium, and we provide additional details
in the proof of Proposition 1 in Section A.2 of the Appendix. The game is solved by
backwards induction. In t = 2, both workers i € {A, B} choose the minimum effort, eyin,
as there are no incentives to justify higher effort.

Denote the beliefs about period-1 efforts e; by é;. After period 1, the incumbent firm
can observe worker i’s output, yi;.. Recalling (3), observed output and effort beliefs
allow the firm to deduce the ability realization, which we denote as ;. The deduced
beliefs about ability are

~ —C
By = YBiL - L 7)

We state the promotion rule as a function of the deduced ability levels 8; rather than the
observed output levels. The equilibrium promotion decision must be profit-maximizing
and is based on both workers’ expected period-2 productivity 8; + qé;. Denote the set
of deduced abilities 6, and Oy for which worker A will be promoted by T, and the set
of deduced abilities where B is promoted by Tg. Furthermore, denote the external firms’
beliefs regarding T and Tg by Ta and Tg, respectively.

We now consider the wages offered by the external firms. The outside firms can only
observe the incumbent firm’s promotion decision. Wage offers are therefore based on this
observation, and on beliefs regarding the incumbent’s promotion rule, and the period-1
efforts. We consider the wage offers made by a representative external firm. We assume
the external firm offers worker i a wage rate of w}, if worker i has been promoted and
wiP otherwise. The “2” indicates period 2. Due to perfect (Bertrand) competition, the
(highest bidding) external firms offer wages that are equal to their expected gross profit
(recall (6)). As the firm-specific human capital S is assumed to be sufficiently large,
the incumbent firm matches the external firms’ wage offers (with probability 1 —, i.e.,
unless the incumbent firm mistakenly fails to make a counteroffer).

We start by considering the case where worker A is promoted by the incumbent firm.
In this case, the external wage offers are (where the expected value is from the point of
view of the outside firm):

Why = cL + diemin (E[OAl(Oa,O8) € TaAl + qéa), (8)
Why = cL + diemin (E[O5](Oa,08) € TAl + qés) . (9)

10



If worker B is promoted, the wage offers by the external firm are

WR3 = cr + diemin (E[OAl(Oa,O8) € Tg] + qéa), (10)
Why = ¢ + diemin (E[O5(Oa,08) € Tpl + qé5) . (11)

We now turn to the incumbent firm’s promotion decision at the end of period 1. Recall
the period-2 outputs in the two job levels, (4) and (5). If the firm promotes worker A
(and hence does not promote worker B), the incumbent’s expected period-2 profit is

TgRNP):(1_uﬂ<cH4-U:+S)dHamdéA-%qéAU

. (12)
+ (e + (14 S)dremn(08 + qép)) — (Wi, +WE2P)>-
Similarly, if worker B is promoted, the firm’s expected period-2 profit is
mNPP) = (1= 1) (e + (1+ S)dyemn(Bs + qép))
(13)

+ (et + (1+ S)dremn(8r + Géa)) — (WA +why) ).
It follows that the firm promotes worker A if and only if

(P,NP) (NP,P)

us > T

<~ (1 + S)(dH — d]_)emin(éA + qéA — (éB + qéB)) > W/F;Z —|—WE2P —WR]; _WEZ'
(14)

Recalling dy; > d, i.e., that job H is more responsive to period-2 productivity 0; +
ge; than job L, the obvious candidate equilibrium promotion rule is that worker A is
promoted if and only if 8 +qéx > 05+ qés. In order to prove that this is an equilibrium
promotion rule, we focus attention on the RHS of (14).

Suppose, in equilibrium, worker A is indeed promoted iff 65 + qéa > 0 + qég. In
equilibrium, outside firms correctly anticipate the promotion rule. Therefore, To = Ta
and Tg = Tg. Recalling the wage offers (8)-(11), the RHS of (14) is then equal to

di emin (E[OAl(Oa,Op) € TA] — E[OAl(Oa,O5) € T

. X . (15)
+E[Os|(Oa,08) € TA] — E[O3|(OAa,08) € TB]) .

In the Appendix, Subsection A.2, we show that this expression is equal to zero, mean-
ing that the absolute (period-2) wage premium of getting promoted is the same for both
workers. This property is a result of the symmetry of the ability distributions around
their means. It follows that 7t(®NP) > 7(NP-P) is equivalent to O, + qé, > 0g + qég, the
candidate promotion rule. Therefore, this promotion rule is profit-maximizing and part
of an equilibrium, i.e., the incumbent firm does not have an incentive to deviate from it.

11



The next step is to determine the two workers’ period-1 effort choices. We start by
considering worker A. In equilibrium, worker A anticipates to be promoted if and only
if

éA+QéA >é3+qé3

YaiL —CL ~ YBiL — CL ~
= > —
AT T
cL +dieaba) —c . cL +diegfg) —c . (16)
(cL L/ZN\A) L+qu>(L LIEB) L+qu
d]_eA d]_e]g

eaép (éa —€p)es
— 0p < Op—— + g .
€gea €B

Worker A’s subjective promotion probability (using pdf f) can now be stated as

Pa :J F (xeA?B + q(Er = eB)eB) ?(x) dx. (17)
€Bea €B

A’s expected payoff can be expressed as

A

Pa x (expected payoff given P) + (1 — Po) x (expected payoff given NP). (18)
This can be restated as

Padiemin <E[@A|@A +qéa > Op + qésl — E[OAlOA + qéa < Op + qég]) (19)
+ ¢ + diemin (E[OAlOA + qéa < Op + qépl + qéa) —c(ea).

Note that A’s choice variable e, appears only in the cost function and in the probability
of winning PA, see (17). The reason is that wages only depend on beliefs regarding
effort (not the actual effort choices). The overconfident worker A is aware of how the
firms form expectations about A’s ability (agree to disagree) and takes this into account
in (19) above.

In equilibrium, beliefs about the efforts of both workers are correct, &; = ef, i €
{A, B}. As a consequence, beliefs about ability realizations are correct as well, 0; = 0,
which implies ©; = ©;. Thus, the first-order condition to worker A’s decision problem,

evaluated in equilibrium, is

(E[@)AI@A +qe’, > O + qe]
(ex.ep) (20)

—E[OAlOA + g€ < Op + qe*3]>.

Similarly, B’s first-order condition (evaluated in equilibrium) can be stated as follows,
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expressing the difference in expected values in terms of © 5 rather than ©g):

0Pp

Yo (E[@A|@A+qe; > O + qel

(eh.eh) (21)
—E[OA|OA + qel < Op + qeg]).

C/(eg) - dLemin

In order to simplify notation, define K := q(e}, —e}; ). The above first-order conditions
can be written as

el

c'(e)el = dremn | F(x 4+ K)xf (x) dx - <E[@)A|®A 1K > Op] — E[@A|Or + K < @B]),
o (22)

¢(eh)el = dremn | f(x— K)xF(x) dx - <E[®A|®A 1K > Op] — E[@A|OA + K < @B]).
o (23)

Using these two first-order conditions and our distributional assumptions, one can
then show that e}, > ej.

We summarize our findings in Proposition 1, describing the incumbent’s equilibrium
promotion rule as well as the central result that the overconfident worker A exerts more
effort than worker B.

Proposition 1. In equilibrium,
(@) the worker with the higher period-2 productivity is promoted.
(b) the overconfident worker A exerts more effort in period 1 than worker B.
Proof. See Appendix Subsection A.2. Il

The intuition behind a) is that, in the absence of commitment power, the only credible
promotion rule is one that maximizes the incumbent’s expected period-2 profit, given
the observed output of the two workers and the expected outside wage offers. This profit
is equal to the output produced by the workers minus the wage payments. As the proof
of Proposition 1 shows, outside firms offer the same wage premium to both workers
upon promotion. This means that the sum of wages for the incumbent (which matches
these offers) is constant and independent of who is promoted. This leaves output as
the decisive criterion for the promotion decision. As can be seen in (4) and (5), output
depends crucially on productivity 0; + qe;. By the assumptions ¢y < ¢ and dy > dy,
promoting the worker with higher productivity is the profit-maximizing decision.

The intuition behind b) is as follows. Recall that the incumbent forms a belief 6;
about the ability of worker 1, given by (7). This belief is independent of the ability dis-
tribution (overconfident or not), since it is a belief about ability realization derived from
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actual observed performance. Thus, the only way for a worker to affect the probability
of promotion is to change output by changing effort. In equilibrium, &; is equal to the
actual effort e; chosen by worker i, and therefore 6; is equal to the actual ability real-
ization 0; of worker i. Since effort and ability are complements in producing output,
the overconfident worker A who overestimates his expected ability mistakenly believes
that his effort is marginally more effective at increasing output than it actually is, moti-
vating A to choose a higher effort. In turn, A’s higher effort, and thus the probability of
promotion, discourages player B by making a given effort eg less effective for promotion.

To shed light on the role of the complementarity assumption, we have analyzed the
case where effort and ability are substitutes, see Appendix Subsection A.4. Under this
assumption, the effort of the two workers is equal, since the structure of the workers’
first-order conditions resembles that of a standard heterogeneous-player contest, see
Bastani et al. (2022). From this analysis, we can conclude that the complementarity
assumption, interacting with overconfidence, drives the higher effort of the overconfi-
dent worker. We can also see that the promotion rule is the same under both production
technologies: the more productive worker is promoted.

Our second and main result concerns the differences in outcomes between the two
workers. These are a direct consequence of the higher effort exerted by the overconfident
worker A.

Proposition 2. In equilibrium, compared to worker B, the overconfident worker A
(@) is promoted with a higher probability.
(b) receives a higher period-2 wage conditional on the job level.
() receives a higher expected period-2 wage.
(d) has a lower expected ability conditional on promotion.
(e) acquires more transferable human capital through learning-by-doing.
Proof. See Appendix Subsection A.3. O

In order to understand these results, we provide a brief discussion:

Part (a) is easy to see: Given that worker A exerts more effort than B, while the
ability of both workers is drawn from the same distribution, the promotion rule that in
equilibrium compares the productivity of 64 + qea and 6 + qeg will select A more
often.

Part (b) is the result of two opposing effects. Outside firms only care about and pay
for a worker’s productivity 6; + ge}. Due to the higher effort, the transferable human
capital of A, gqe’,, exceeds that of worker B, while, see part (d), the conditional expected
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ability of B, 0y, exceeds that of A. We prove that the overall effect is unambiguously in
favor of A.

Part (c) follows directly from the combination of a higher probability of promotion,
part (a), with higher wages conditional on promotion, part (b).

To understand part (d), recall that the promotion rule compares productivity 6, +
gea with 05 + gep, and selects the more productive worker. Thus, for worker B to be
promoted, it must hold that 6 > 04 + q(ea —eg). This means that B’s ability must
exceed both A’s ability and A’s advantage due to the higher effort. In contrast, the
promotion of A requires 05 > 0 — q (ea — eg), meaning that A can be promoted even
if 0 4 is slightly below 0. Overall, this makes it more difficult for B to be promoted than
for A, which means that a promoted B tends to have greater ability than a promoted A.

Part e) follows directly from the fact that effort is higher for the overconfident worker.

3.1 Comparative statics and numerical examples

We now examine how two key parameters affect the results in Proposition 2: the over-
confidence parameter y and the parameter q, which captures the sensitivity of human
capital formation to effort. In Appendix Subsection A.8, we formally derive that for a
dej de’ dej
,a—y‘%<0,a—$<0,anda—$<0.
We begin by studying the effects of y. Since a higher overconfidence parameter y un-

. . . oe
sufficiently convex cost function, 3> > 0

ambiguously increases e}, and decreases e}, the implications for several key outcomes
are clear. Table 1 summarizes these implications as changes in the outcome gaps be-
tween A and B derived in Proposition 2. For example, consider the last row: worker
B’s expected ability conditional on promotion exceeds that of A (see Proposition 2), and
this gap widens as vy increases, since B’s conditional expected ability rises while A’s falls.

Table 1: Comparative statics for an increase in overconfidence (y).

Outcome Ranking Effect of v 1 on gap
Equilibrium effort A>DB 0
Promotion probability A>B 0
Effort cost A>B 0
Expected period-2 wage (promoted) A>B 0
Expected period-2 wage (not promoted) A>DB 0
Expected ability given promotion A<B 0

Note: The “Ranking” column shows which worker has the higher value in equilibrium. The last column
shows the effect of increasing the overconfidence parameter y on the absolute gap |A — B|.

We now turn to studying the effects of q. An increase in q decreases both efforts, i.e.,

aae;;\ <0, % < 0. Therefore, the effect on the effort gap is ambiguous and the overall

effect of an increase in q depends on the full parameter set. To better understand the
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role of q, we present two numerical examples in Tables 2 and 3. We have selected

these examples to highlight that overconfidence can be self-serving or self-defeating

for the overconfident worker A. Because overconfidence affects not only worker A but

also worker B, we compare our results to a symmetric benchmark game (see Appendix

Subsection A.6 for details) without overconfidence in the numerical examples below.
For the first example, shown in Table 2, we consider the following parameters.

(6 - emin)z

Yy=2,ct =2, cy=1, dr =1, dy =2, C(e):T, €min = =, = 2.

ul| =

In Table 2, we can see that the expected utility of worker A exceeds that of worker B,
and it is also higher than it would be in a game in which neither worker is overconfident.
Thus, in this example, overconfidence can be considered a self-serving bias. Also note
that worker B, in this example, gets higher wage offers in the presence of overconfidence
than in the symmetric game without overconfidence, for both job levels. The reason for
why this can happen is that beating the overconfident worker A (and being promoted)
is a very positive signal about B’s productivity. In turn, not being promoted is not as
negative a signal as it would be in the symmetric game. Intuitively, B is competing
against a ‘higher standard’ than in the symmetric game.!®

Table 2: Numerical Example, q = 2.

A B sym. game

Equilibrium effort 0.324 > 0.308 < 0.308
Promotion probability 0.532 > 0468 < 0.500
Effort cost 0.008 > 0.006 < 0.006
Expected period-2 wage (promoted) 2.261 > 2259 > 2.257
Expected period-2 wage (not promoted) 2194 > 2192 > 2.190
Expected utility 2222 > 2217 < 2.217
Expected ability conditional on promotion 0.656 < 0.677 > 0.667
Expected productivity conditional on promotion 1.305 > 1.294 > 1.283
A’s subjective promotion probability 0.698

A’s subjective expected utility 2.233

Note: The inequality relations in the table(s) are included because the numerical differences between,
e.g., efforts, are sometimes quite small.

Now, we change q = 2 to q = 1/2, which makes human capital formation less
sensitive to effort, thus reducing the advantage of A due to higher effort. All other
parameters remain unchanged. The results in Table 3 show that the expected utility of
B now exceeds that of A. Overconfidence becomes self-defeating, as A’s expected utility
is now lower than it would be in a game without overconfidence.

16 A similar result is obtained in Giirtler and Giirtler (2015).
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Table 3: Numerical Example, q = 1/2.

A B Sym. game

Equilibrium effort 0.330 > 0.308 < 0.308
Promotion probability 0.511 > 0489 < 0.500
Effort cost 0.008 > 0.006 < 0.006
Expected period-2 wage (promoted) 2.166 > 2165 > 2.097
Expected period-2 wage (not promoted) 2.099 > 2.098 < 2.164
Expected utility 2125 < 2125 > 2.125
Expected ability conditional on promotion 0.663 < 0.670 > 0.667
Expected productivity conditional on promotion 0.828 > 0.824 > 0.821
A’s subjective promotion probability 0.678

A’s subjective expected utility 2.136

Note: The inequality relations in the table(s) are included because the numerical differences between,
e.g., efforts, are sometimes quite small.

The parameter q measures the importance of effort for on-the-job human capital
accumulation. A higher q would therefore correspond to jobs in which there is more
scope for learning (as in complex tasks) and jobs in which effort and practice has a
stronger influence on skill accumulation (typically high-skilled tasks). In contrast, in
low-skill or routine jobs as well as highly automated jobs human-capital formation would
respond less to work effort, corresponding to a lower value of q.

4 Robustness

In this section, we discuss the robustness of our results, focusing on the ability distribu-
tions. To be able to completely characterize the equilibrium, we have imposed specific
functional forms for the workers’ actual ability distribution F and worker A’s subjective
ability distribution F. In the proof of Proposition 1, we show that the two workers’ (per-
ceived) marginal winning probabilities are proportional to [~ f (x + K) xf (x) dx and
fiooo f (x — K) xf (x) dx, respectively, where K = q (e}, —e};).

Notice that the ranking of marginal winning probabilities determines the ranking
of the two players’ efforts. If we assume that worker A’s perceived ability first-order
stochastically dominates the actual ability, and we evaluate the two expressions at K = 0,
we find that the ranking of efforts depends on the properties of the function f (x) x, and
in particular, on its slope.!” Whenever this function is increasing (as it is in our main
model), we expect worker A to exert greater effort than B, and all of our (qualitative)

results to hold. However, if the function were (partially) decreasing, the ranking of

17Recall that K = O refers to the case of identical efforts. Giebe and Giirtler (2025) show that, under
sufficient convexity of the cost function, the ranking of equilibrium efforts is determined by the ranking
of marginal winning probabilities in a situation with identical efforts.
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efforts could (but need not) reverse, in which case worker B might exert greater effort
than A. Loosely speaking, worker A may be so confident in his ability that he does not
find it necessary to put forth a great amount of effort. An increasing f(x)x (as in our
setup) appears more natural, because for f(x)x to be decreasing, f(x) must decrease
sufficiently fast as x grows. In that sense, the overconfident worker putting in more
effort seems to be the more natural result.

While we have assumed that worker A overestimates his ability, the psychological
literature has identified other biases that could also be studied within the context of
our model. For example, consider “variance misperception,” which refers to situations
in which people misjudge how spread out or uncertain a set of outcomes actually is
(e.g., Zylberberg et al., 2014). In our model, the overconfident worker A might un-
derestimate the variability of his ability, thereby exhibiting excessive confidence in his
own assessment. Formally, this could be captured by assuming that his perceived ability
second-order stochastically dominates his actual ability. Consistent with the argument
in the preceding paragraph, the ranking of the two workersié ' efforts would then de-
pend on the second derivative of f (x) x — that is, on whether this function is convex or
concave. A concave f(x)x would imply a higher effort of worker A.

5 Concluding Remarks

In this paper, we analyzed how male overconfidence, combined with competitive work-
place incentives, affects gender equality in the labor market. Our analysis used a promotion-
signaling model in which wages are endogenously determined by market forces.

One potential policy response is to limit working time, which could mitigate the
higher effort of overconfident workers that drives outcome differences. A related man-
agerial implication emerges from our finding that promoted workers who are not over-
confident have higher expected ability than their overconfident counterparts. This im-
plies that some high-ability workers will not be promoted, even though their ability
exceeds that of a promoted overconfident worker. This occurs because they underin-
vest in human capital in response to competing against overconfident workers. If firms
could induce these workers to increase their effort to match the overconfident ones,
they would benefit in three ways. First, greater effort would raise output in the first
period. Second, workers would acquire more human capital, becoming more productive
in the second period regardless of their assigned job. Third, some high-ability workers
who might otherwise be overlooked would now be promoted, resulting in a more ca-
pable managerial workforce. To realize these gains, firms must identify which workers
are likely to be overconfident (for instance, using gender as an indicator) and provide
additional incentives to those who are not.
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Our model has several limitations that suggest directions for future research. First,
we focused on competition for promotions among workers with similar educational back-
grounds. While this setting is empirically relevant (e.g., Azmat and Ferrer, 2017), it does
not capture how overconfidence might influence educational or occupational choices that
expose individuals to competitive wages, a factor identified by Blau and Kahn (2017)
as key to explaining the remaining gender gap. Second, for analytical tractability, we
did not examine the interplay between risk aversion and confidence levels, which may
have important implications for career outcomes. Third, we assumed that all effort is
productive, whereas in reality workers often divide their effort between productive tasks
and rent-seeking activities. Fourth, while our analysis identified instances where over-
confidence harms workers’ welfare, there may be broader costs that our model does
not capture, such as productivity losses from overestimating one’s abilities or undertak-
ing unrealistic projects. Finally, our analysis focused on the implications of overconfi-
dent workers being present in the workforce but did not address workforce composition,
specifically which workers will be hired in equilibrium. We hope that these questions
will inspire further research on how behavioral biases contribute to persistent gender
inequalities and how policy can address these gaps.
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A Proofs and derivations

A.1 Lemmas

We start by proving a set of lemmas to be used in the proofs of our main results. Through-
out the appendix, we make use of the random variables ©® 4 and Og that are assumed to
be uniformly distributed on [0, 1] with the following pdf and cdf

0 x<0O
1 xel0,1]
f(x) = Fix)=¢x x€][0,1]. (A1)
0 else
1 x>1

We also make use of the random variable © with support [0, 1] and the following pdf
and cdf, where y > 1.

0 x<©O
n vx¥~1 x€l0,1] .
f(x) = Fix)={x¥ xe€l0,1] (A2)
0 else,
1 x > 1.

The following lemma computes probabilities that will later be shown to be the equi-
librium subjective, resp. objective, promotion probabilities of worker A (case (a), resp.
(b)), and the (objective) promotion probability of worker B (case (c)).

Lemma 1. For a constant K € (0, 1), we have the following probabilities.

A [ A (1—-K)r*!
(a) P(Oar +K > 0Op) := Fix+K)f(x)dx=1— ——"— (A3)
J o y+1
(b) P(OAr +K>03g) = F(x+K)f(x) dx:%(l—i-ZK—Kz) (A4)
(c) P(OA + K< Bg) = [~ F(x —K)f(x) dx:%(l—K)z. (A5)
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Proof of Lemma 1. (a)

00 1
J F(X+K)?(Xde:vJ F(x +K)x¥ tdx

—0o0

1-K 1
=y (J (xY + Kx¥71) dx +J xyldx>
0 1-K
:y(L(l—K)Y“JrE(1—K)V+1—1(1—K)V)
y+1 Y Y oY
1 (1-K)" (40)
—1 — _(1-K)" = 1-K )
+y <v+1 (1-K) (1K)
-1 1 K v+1 ( Y . )
* 1 ) y+1
B B (1 K)V+1
B v+1
(b)
00 1
J F(X—I—K)f(x)dx:J F(x + K)dx
—00 0
1-K 1
:J (x—i—K)dx—i—J ldx (A7)
0 1-K
1 2
=—(1+2K—K*).
2
(c) This can be computed directly from (b):
P(@A+K<®B) :1—P(®A+K>@B)
1
=1-5(1+2K-K*) (A8)
= 1(1—2K+K2).
2
O
Lemma 2. For any constant K € (0, 1), we have
2+ 3K —3K? + K3
(a) E[OAOa +K > O] = 31+ 2K —K2) (A9)
1—-K
(b) E[OA|IOA + K < O] = —3 (A10)
()  EOAOx +K > O] — E[OrIO + K < Op] = —— T 2K (A11)
AlOA B AlOA B 31t 2K_K2)
1+3K—-K3
(d) E[Gs|OA + K > O3] = 301+ 2K —K2)’ (A12)
2+K
(e) E[@5Ox + K < O] = % (A13)
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Proof of Lemma 2. (a) As both random variables are uniformly distributed on [0, 1] and
P (O < ©a +K) = 1(1 + 2K — K?), as shown in (A4), we obtain

E[®A|®A+K>®B] ZE[®A|®A >®B—K]

1 pl
_ J‘O J‘max{ny,O} XdXdy

2(1 4 2K — K?)
B I I;K xdxdy + [} 4 xdxdy
B (142K —K?)
31—y 2Ky —K?) dy + 1 [g dy

2(14 2K — K2)

C3(3(-K)+K(1-K})+(1-K*)(1-K))+3K
B 3 + 6K — 3K2
24 3K—-3K*4+ K3
- 346K —3K2
_K((K=3)K+3)+2

3—-3(K-2)K

(b) As P (O > Oa + K) = 3(1 —K)?, as shown in (A5), we obtain

E[OA|Or + K <Ol =E[OA|Ox < O —K]
S8 xdxdy
11 —K)2
L ly—K)dy
I1-K)?
1(1-K%) —K(1—K2) +K*(1—K)
(1-X)?
~1-K®— 3K+ 3K?
3 (1-K)?
(1=K
~3(1-K)?
1-K

3
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(c) It directly follows that

E[®A|@A+K>@B]_E[®A|@A<@B_K]
L 243K-3K24KP 1K

3+6K—3K2 3
243K — 3K+ K3 — (1 —K) (1 + 2K — K?)
B 3 + 6K — 3K2
142K
T 3(1+2K—K2)

(d) As both random variables are uniformly distributed on [0, 1] and P (O3 < O + K) =
2(1 4 2K — K?), as shown in (A4), we obtain

min{1,y+K}

[ xdxdy
E[Op|O <O K| =
(O8] O8 A +K] I112K_K?)

1—-K K 1 1
_Jo Jo T xdxdy + [1_y [, xdxdy
1(1+2K—K2)
1—-K 1
3o (Y +2Ky+K¥dy+1 [, dy
1(1+ 2K —K?)
1(1 3 2 2 K
L(EA-K +KA-K+K2 (1K) + %
3(1+ 2K —K2)

1+3K—K3
3(14 2K —K2)’

(e) AsP (O > 0O +K) = (1 — 2K + K?2), as shown in (A5), we obtain

1
2

1-K (1
o LﬁK xdxdy
I(1— 2K+ K2)

1—-K
1o (1—y?—2Ky—K?) dy
1(1—2K+K2)
C1-K-1(1-X’-K(1-K?-K*(1-K)
N 1—2K +K2

E[@B|®B >@A+K] -

_ 2—-3K+K?

3 (1—K)?
(2+K) (1 —K)?
3(1—K)?

2+K

3
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Lemma 3. For a constant K € (—

[ o L (1+K(-K)Y) —-1<K<O0
(a) f(x + K)xf(x)dx = Ty (1 "
Y +
o0 LA-KWY 0<K<1,
(> l1+K)?2 —-1<K<O0
(b) f(x — K)xf(x)d 2 ’
J—c0 7(1—-K?*) 0<K<1.
Proof of Lemma 3. (a)
1
o0 o xYdx —-1<K<KO0
J f(x +K)xf (x) dx = ”;KK
—o0 Y[, x¥dx 0<K<1,
PR AHKEKY) 1<K <0
+1
yr_l(l_K)y 0<K<1.
(b)
%0 S xdx —1<K<0
J f(x—K)xf(x)dx = .
—o0 J i xdx 0<K<1,
_ 114K —-1<K<O0
;(1-K?) 0<K<1.

Lemma 4. For any ea,ej >0,y > 1, and K € (0,1) we have

Y _ea

00 e . _|_K

(a) J F<xe—*A+K>f(x) dx = 1+V61 Koy [en )Y
—00 A ]_— Ty <a>

b O (7 F(x&2 k) Fixyan) = { T

(b) dea e BId ) =9 0™ 5 fen)”
e A ea 1+v \ ea

az 00 e . 0

© (J F( —*+K>f( )dx> N T

—00 A — e%\ <€A>
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1), and f and f defined in (A1) and (A2), we have

(Al14)

(A15)

2 +K<1
A
2 +K>1,
A
(A16)
2 +K<1
A
A4 K>1,
A
(A17)

A 4K<1
€A

24 K>1
A
(A18)



Proof of Lemma 4. (a) We want to determine

[e's) 1
J F (xz—f + K) f(x)dx = J F (xz—f + K) vxYldx.

—0o0 A 0 A

Consider the term F (xi—*‘ + K) on the RHS of the above, and note that the argument is
A

strictly positive. If £ +K < 1, then F <x§—/‘ + K) = x4 +K, whereas if & 4K > 1, then
A A A A

X4 4K x<(1—-K)&
T N
€ 1 x>u—Kgg
Therefore,
o0 e A 1 e
J F(x—f—l—K)f(x)dx:yJ xylF(x—f+K> dx
e e 0 e

y foxr ! (xg—i + K) dx

(17K)% v—1 €A 4+ K)d 1 Y14
ar X (x + x+yf(17K)%x X

It is straightforward to compute

1 1
e e e
yJ xY~1 (xe—:\ + K> dx :yJ xy—*A +xY1Kdx = Lye_A + K,

A4+ KL
€A

A4 K>1
A

0 A o €A T+vep
(1-K) A (1-K) A
yJ txrl (xe—f—FK) dx:yJ " xye—f +xY " 1Kdx
0 €A 0 €A
* v+1 * Y
S ((1—K)6—A> A ((1—K)e—’*) K,
1+vy €A ex €A
1 e* Y
yJ *ﬂ/MX:1—(ﬂ—K%A).
(1—K)% €A

The first result corresponds to the first case in the lemma. Adding the last two expres-
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sions and simplifying, we get the second case

(kK)% . 1
yJ xY~ 1 (x—f + K) dx—i—yJ CxYldx
0 €A (1-K) &
v e* v+1 e e* Y e* Y
:1—((1—K)—A> —*A+((1—K)—A) K+1—((1—K)—A)
+v e en ea €A (A19)
Y 1 e Y e Y
=1+-—(1-K)" (—A) —(1-K)Y (—A) (1—-X)
1+vy €A €A
=1— ﬂ (ﬂ)y_
1+vy €A

(b) and (c): The first and second derivatives can be computed straightforwardly from
(@. O]

Lemma 5. For any eg, e, > 0and K € (0, 1), we have

0 LK
0 L2 ‘B
(a) J F xe—B—K f(x)dx = (e —Kej)” K< 1+K
o e"é 2ejep er
1—(1—1—2K)2e—B > 14K,
ep €p
(A20)
0 2 <K
(b) 2 ([ F(xEE —x flx)dx | = { L — <K KB< 8 L1+K (A21)
des \J o e ) 26 2} ep
(1+2K)2%‘32 L >1+K,
\ B B
(0 = <K
0? * €B e K2 ’
(c) F{x— — K| f(x)dx | = { =5 K< <1+K (A22)
(aeB)z —o0 CE “s N ‘e
—(1+2K)% £ >1+K.
\ €B B

Proof of Lemma 5.
(a) We want to determine

00 ep 1 ep
J F(x—*—K)f(x)dx:JF(x—*—K)dx.
oo e} 0 e},

We distinguish three cases: i) &2 <K, ii) K < & < 14K, iii) 2 > 1+ K. In case i), the
B B B

argument of F is nonpositive, and we have

1 ex 1
J F(x—*—K> dx:J 0dx = 0.
0 €p 0
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In case ii), we have

* 2 *
=B k- B (kEB) e
Zeg 2eg es €B
(eB_KeB)Z
2ejep

In case iii), we have

1 ex KQB (1+K) B ex 1
JF(x—*—K)dxzj de+J . <x—*—K)dx+J \
0 € 0 Kb €p (1+K) &

* K2 *
—(142K4+KH) B 2%y (140K
263 263
—1—(1+42K) =B

26]3
_ 2eg—(1+2K)ep
N 263 '

(b) and (c): The first and second derivatives can be computed straightforwardly from

@).

A.2 Proof of Proposition 1

The game is solved by backward induction. The period-2 wages have already been de-
termined in the main body. The first thing we show here is that the RHS of (14), given

by

di emin (E[OAI(OA,Op) € TaAl — E[OAl(OA,Op) € Tgl
+E[O|(OA, Op) € Tal — E[Os](Oa,O8) € Tsl),

is equal to zero.

We write our random variables as ©; = u + ¢; and note that p = % while €5 and ¢p
are random variables with mean zero that are identically, independently, and symmetri-
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11
202
preceding expression can be written as

cally distributed on | |. Using this definition and the candidate promotion rule, the

=x

di emin E[€A|£~ZA + qé/z\ > Ep + qéB] — E[€A|EA —+ qéA < € + qéB]
(A24)

+E[EB|EA + qéA > Ep + qéB] — E[€B|EA + qéA < &g + qéB]

>

In the following, we show that 3 = —«. Consider expression 3. As ¢4 and ep are
identically, independently, and symmetrically distributed with mean zero, the variables
ea and —ep as well as —e o and ep are i.i.d. Therefore, we can replace ¢ by —eg (and
vice versa) everywhere in (3. Moreover, in equilibrium, beliefs about efforts €4 and ég
are correct, i.e., the distributions of ¢ 5 (resp. €g) and ¢ (resp. €g) are the same. We
can therefore also replace € , by —€p and vice versa. We obtain

B=E[—eal — &g +qéa > —Ea +qépl —E[—ea| — &g + qéa < —Ea + g€l
= — (E[£A| — (’NZB + qéA > —EA + qéB] — E[£A| — EB + qéA < —EA + qéB]) (A25)
= — (E[£A|€A + qéA > EB + qéB] — E[€A|EA + qéA < 53 + qég])

= —«K.

It follows that the RHS of (14) is equal to zero, wh, + why —whY —wE, = 0, which

can equivalently be expressed as
P NP _ P NP
Waz = Way = Wpa — Wga, (A26)

which means that the absolute (period 2) wage premium of getting promoted is the same
for both workers. This property is a result of the symmetry of the ability distributions
around their means.

With the RHS of (14) being equal to zero, we see that w("NP) > 7(NP.P) s equivalent
to O + qéa > 0 + qép, the candidate promotion rule. Therefore, this promotion rule
is profit-maximizing and part of an equilibrium, i.e., the incumbent firm does not have
an incentive to deviate from it.

The next step is to determine the two workers’ period-1 effort choices. We start by
considering worker A. In equilibrium, worker A anticipates to be promoted if and only
if (below we replace output ya;r by actual output which is a function of actual effort
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ea that is chosen by the workers)

éA+qéA >é3+qég

YaiL —CL ~ YsiL — CL o
&— ————+qeépn > — + ge
dLeA qea dLGB q¢s
(cL +dreaba) —cr . (cL +dregfp) —cr .
- ep > = e
dién Taea dL o taé  (a2y)
eAl . egb -
= LA 1 qén > 28 4 qég
eA €B
eae éa —ép)e
0p < 04 A~B+q(A B)B'
egea €B

Worker A’s subjective promotion probability (using pdf f) can now be stated as

b :J F (xeAeB N eB)eB) f(x) dx. (A28)

egéa €B

—0o0

We continue the analysis supposing that efforts and beliefs imply that Po € (0,1), in
line with our assumption that none of the workers is promoted with certainty.
Differentiating with respect to A’s choice variable e, we obtain

9Pa :J f(xeAeB n q(eA_eB)eB) (x ‘s )ﬁ(x) dx. (A29)

aeA egéA €B egéA

Denote equilibrium efforts by e’ and e};. As beliefs regarding efforts are confirmed in
equilibrium, e = éx = e}, and eg = €g = ej;, the latter expression simplifies to

oPA
aCA

:J f(x—i-q(e’j\—eg))el*lg(x) dx. (A30)

—00 A

(ensep)

We now turn to A’s problem of maximizing expected payoff, which, in general terms,
can be expressed as

A A

Pa x (expected payoff given P) + (1 — Po) x (expected payoff given NP).  (A31)
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This equals

]ADAWRZ + (1 — ISA> W}N\E —cl(ea)

=Pa (Wfp\z _WE;) +why —clea)

1“>A< e + diemin (E[OAIOA + qén > Op + qésl + qéa)]
— [er + diemin (E@AIBA + qén < Bp + qés] + aén)] ) (A32)
+ [cL + diemin (E[OAIOA + qéa < O + qépl + qéa)] —c(ea)

- ﬁAdLemm(E[@A@A + qéa > Op + qés] — EOAIOA + qér < Op + qég])

+cr + diemin (E[OAlOA + qéa < Op + qép] + qéa) —c(ea).

Note that A’s choice variable e, appears only in the cost function and in the probability
of winning P, see (A28). The reason is that wages only depend on beliefs regarding
effort (not the actual effort choices). The overconfident worker A is aware of how the
firms form expectations about A’s ability (agree to disagree) and takes this into account
in (A32) above.

In equilibrium, beliefs about the efforts of both workers are correct, & = e}, i € {A, B}.
As a consequence, beliefs about ability realizations are correct, 6; = 0;, which implies
©; = ©;. Thus, the first-order condition to worker A’s decision problem, evaluated in
equilibrium, is

opP
A (E[@A|@A+qe; > Og + qei
aeA

(ex.el) (A33)

Cl(ej\) - dLemin

—E[OAlOA + qei, < Op + qe;g]).

By symmetry, we have for worker B, where the pdf f replaces f,

Py :J F (xeB‘fA L alée - eA)eA) f(x) dx, (A34)
— 0 €Al €A
oP o0
Py :J f(x— qleh — b)) f (x) dx. (A35)
0€B [(es er)  J—oo B

Using similar steps as above, B’s first-order condition (evaluated in equilibrium) can
be derived as follows (exploiting (A26), expressing the difference in expected values in
terms of ® 4 rather than Og):

Pg
aeB

(E[@A@A +qel > Op + qel]
(ehoep) (A36)

—E[OAIOA + qely < Op + qe;;]).

C/(QE) - dLemin
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In order to simplify notation, define K := q(e} —e}).'® The above first-order conditions
can be written as

c¢’(ek)es = diemin JOO f (x4 K) xf (x) dx

(E[@A@A +K > O3] —E[OAIOr +K < @B]), (A37)
c'(e})es = diemin JOO f(x — K) xf (x) dx

(E[@AIGA 1K > Op] — E[@A|OA + K < @B]). (A38)

In the following, we prove that e, > e}. Recall that, by assumption, K € (—1,1). By
contradiction, assume that e, < ej;, which is equivalent to K € (—1, 0]. For this case, the
two integrals above are given in Lemma 3. We now demonstrate that, for K € (—1, 0],
r f(x + K)xf (x) dx > JOO f(x — K)xf (x) dx

- o (A39)

is true. First consider the case K = 0. Then the inequality simplifies to % >4 a2y >
1+4+v < v > 1, which is always fulfilled. Now consider the case K € (—1,0). The above

observation that -, > 2 implies that we only need to show that

1+K(—K)Y > (14K)?
& 14+K(=K)Y >1+2K+K?
& K(=K)Y > 2K+ K?
& (—K)Y <2+K.

Notice that (—K)Y < 1, while 24K > 1, so inequality (A39) is fulfilled for all K € (—1, 0].
Thus, the RHS of (A37) would be larger than the RHS of (A38), which implies that the
LHS of (A37) is larger than the LHS of (A38). As c’(x)x is increasing in x, the latter
contradicts e}, < ej. Therefore, e}, < e} is not a solution to the pair of first-order
conditions. Therefore, if there is an equilibrium that is characterized by the first-order
conditions, it must satisfy e} > e}.

Having established that e} > e}, implying that K € (0, 1), in the following, we rewrite
these conditions, inserting our distributional assumptions.

First, applying Lemma 3 for K € (0, 1), we can write the equilibrium marginal promotion

181n the paper, we assume that, given all other model parameters, the cost function is sufficiently convex
such that the equilibrium difference in transferable human capital between the workers is less than one,
Iq(e% — e} )| < 1. This assumption ensures that both workers are promoted with a positive probability.
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probabilities as

op 1 (> A 1 y(1—K)¥H!
A :—J f(x+K)xf(x)dx:—u,
dea eh J o en  v+1
(eh.ep) , (A40)
oP i 11—K
—t :—*J f(x —K)xf(x)dx = — .
0€B [(erer)  €B J-oo ey 2

Second, Lemma 2 part (c) provides the difference of conditional expectations,

1+ 2K
EOA|O K > O] —E[OA|® K<® = . A41
(E[©AIOA +K > O] ~ EIOAIO + K < Op]) = 300y (A41)
This allows us to write (A33) and (A36) as
1( % * . 'Y(l—K)‘Y+1 142K
C (eA)eA —dLemln 3(y+1) 1+2K_K21 (A42)
“y a 1 1+ 2K
c'(egleg = dLeming(l - Kz)m-

Recall that K is a function of the equilibrium efforts, which means that we can only

implicitly characterize equilibrium efforts.

A.2.1 Second order conditions

We continue with deriving sufficient second-order conditions such that (A42) indeed
characterizes an equilibrium. For this, we look at each worker’s expected deviation
payoff, i.e., worker i’s payoff as a function of e; given that the other worker, j, plays the
above Nash equilibrium candidate effort e}, and given that all beliefs are also equal to
the above two candidate efforts (e}, e} ).

Start with worker A’s problem. The overconfident A’s subjective probability of winning
as a function of e, evaluated at firms’ candidate equilibrium beliefs and worker B’s
candidate equilibrium effort, €5 = e’, € = eg = e}, is

ISA :J F(xeAeB +q(eA_eB)eB)13(x) dx

Ea—ei,ép—ep—e} oo egea eg

éA:ej\,éB:eB:eg (A43)
_ J F (XZ—A +qles — e;;)) f(x) dx.

—00 A

Recall A’s expected payoff in the last line of (A32), which we also evaluate at €5 = e},
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€ = ep = e}, 0, =0, again using K := q(e}, —e}) to get

J F (XZ—A + K> £ (x) dx dLemin<E[@A|®A +K> 0] —EOAOA +K < @B]>
—0 A

+cr + diemin (E[OA1OA + K < O] + qei) —clea),
(A44)

where only the integral and the cost term depend on A’s choice variable e . The integral
is multiplied by a positive constant, recall (A41). Lemma 4 derives the first and second
derivatives of the above integral. The integral is (once) continuously differentiable. As
the second derivative of the integral is either zero or negative, while the cost function is
convex, we conclude that ey = e, is a best response for worker A.

We repeat similar steps for worker B. Start with the winning probability:

J F (XeBeA n q(ég —€a)éa

Pg .
€Al (%

x —

eA:éA:e;,éB:eB

)f(x) dx

—00

eA:éA:e*AaéB:eE (A45)

The payoff of worker B evaluated at the equilibrium candidate and beliefs is:

J F <xe—B - K) (x) dx diemin (EIOAOA + K > Op] — EOAIO + K < O]

+crL + diemin (E[@|OA + K > Opl + qep) — c(ep).

(A46)

Similar to worker A’s problem, only the integral and the cost term depend on the choice
variable eg. The integral is multiplied by a positive constant, recall (A41). Lemma 5
derives the first and second derivatives of the above integral. The integral is (once)
continuously differentiable. Note that, in contrast to worker A’s problem, the second
derivative of the integral can be positive, while the cost function is convex. We conclude
that eg = e}, is a best response for worker B only if suitable parameters are identified.
In the numerical examples that we provide, the second-order conditions are satisfied.

A.3 Proof of Proposition 2

(@) Worker A is promoted with a higher probability.

According to the equilibrium promotion rule, A is promoted if and only if (using
the notation K := q(e} —e}))

GA+qe§\>GB—i—qe’g <— 0O <0 +K. (A47)
The probability of that event is denoted by P(®4 + K > ©p) and is given by (A4).

39



(b)

©)

The probability that worker B is promoted is denoted by P(© + K < ©Og) and is
given by (A5). We have that
P(Oa +K>0p) = J F(x + K)f(x)dx
oo 1 (A48)
> J F(x)f(x)dx = >
since e, > e} and K > 0. Thus, the probability of A being promoted is larger than
2, implying that worker B’s promotion probability is less than 3.

Worker A receives a higher period-2 wage than worker B.

Recall (8)-(11), and insert the equilibrium promotion rule 65 + qe} > 0 + qej.
The two workers’ period-2 wages for both feasible promotion events are

WR3 = cL 4 diemin (E[OA|OA + qe} < Op + qe] + qel), (A49)
Who = cL + diemin (E[Oa|Oa + qej > Op + qegl + gel ), (A50)
Wiy = c + dremn (E[Op]|Op + qefy < Oa + qer] + qep), (A51)
Why = ¢ + diemin (E[Op]Op + qej > Oa + qej] + qep). (A52)

We need to show that both wiY > w}Ff and wh, > wk,. Note that wiY > wilY

is equivalent to
q(ey —egp) + E[OAlOA + qey < Op + qegl > E[Op|Op + qep < Oa + qe]

Denoting K := q(e}, —e}) € (0,1), and inserting two conditional expectations
computed in Lemma 2, cases (b) and (d), this simplifies to

K+E[®A|@A+K < @B] > E[®B|®A+K > @B]
1—K 14+3K—-K3

«— K >
Ty T 32K —KY
(A53)
= 1+2K>1+3K_K3
14 2K — K2
~— K+3K*—K3>0.

Since K € (0, 1) and thus K > K3, this always holds. Thus, w}¥ > wk7. By (A26),

this implies wh, > wg,.

Worker A receives a higher expected period-2 wage.
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The expected period-2 wages for both workers are

Pa(why — WYY 4+ why (A54)
Pg(Why — WRy ) +Why (A55)

The proof follows directly from parts (a) and (b), i.e., a larger promotion proba-
bility, P > Pg, combined with A receiving a larger wage than B if not promoted,
P

wiP > whP. By (A26), the differences in parentheses are equal.

(d) Upon promotion, in expectation, worker A’s ability is smaller than worker
B’s.
Recall that in the event of promotion, worker A’s ability 0, satisfies
Oa + qef\ > 0p + qeg

(A56)
<= 0 >0 —qley —eg).

The expected value of ©, in this event is found in part (a) of Lemma 2, for K =
q(en —eg) € (0,1). For worker B’s promotion event,

Oa + qel < 05 + ges
AT (€x B T (€p (A57)
<= 0p >0 +qeh —e}),

the relevant expected value is found in part (e) of Lemma 2, again for K = q(e} —
ey) € (0,1). The expected values in part (a) and (e) can be written as

(a) E[BaA|GA >0Op —K]
(e) E[Og|Op > 0O + K].

(A58)

Obviously, E[@A|©a > O — K] < E[Og|Op > O + K], as O, and Og are i.i.d.
and K > 0. This can of course also be confirmed by comparing the respective

expressions.

(e) Worker A has larger transferable human capital.

This follows directly from e} > ey, which implies larger human capital for A,

gen > geg.

A.4 Perfect Substitutes

Here we assume that effort e; and ability 0; are perfect substitutes, rather than comple-
ments. Below we present a backwards-induction proof showing that both workers will
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have the same effort in equilibrium. The proof is very similar to the proof of Proposition
1 but is kept much shorter.
In period 1 (the early career stage), each worker produces an output equal to

Yur =cr + di(ei + 63). (A59)

At the end of period 1, one worker is promoted to job H in the incumbent firm and has
a period-2 output equal to

Yion = + (1 + S)dn(emin + 61 + qei). (A60)
The other worker remains in job L and has a period-2 output of
Yior = cL + (1 + S)di(emin + 0i + qeyi). (A61)
If hired by an external firm, the output of worker i would be
Uiz = cL + di (emin + 01 + qey). (A62)

After period 1, the incumbent firm can observe worker i’s output, y;11 . Recalling (A59),
observed output and effort beliefs allow the firm to deduce the ability realization, which
we denote as 0; and which in equilibrium is equal to the actual ability realization 6.
The deduced beliefs about ability are

o= AL L5, Gy = YR (A63)

dp

We state the promotion rule as a function of the deduced ability levels 8; rather than the
observed output levels. The equilibrium promotion decision must be profit-maximizing
and is based on both workers’ expected period-2 productivity 8; + qé;. Denote the set
of deduced abilities 6, and 85 for which worker A will be promoted by T5 and the set
of deduced abilities where B is promoted by Tg. Furthermore, denote the external firms’
beliefs regarding Ta and Tg by Ta and Tg, respectively.

We now consider the wages offered by the external firms. If worker A is promoted by
the incumbent firm, the external wage offers are (where the expected value is from the
point of view of the outside firm):

~

Why =cL+dL (emin +E[OAl(OA,O8) € TAl + qéA) , (A64)
why =cr + di (emin + E[Op](Oa,Op) € Tal + qé5) . (A65)
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If worker B is promoted, the wage offers by the external firm are

WA = cr + di (emin + E[OAI(Oa,O8) € Ts] + qéa), (A66)
Why = ¢ + di (emin + E[@p](Oa,Op) € Tl + qég) . (A67)

We now turn to the incumbent firm’s promotion decision at the end of period 1. Recall
the period-2 outputs in the two job levels, (A61) and (A60). If the firm promotes worker
A (and hence does not promote worker B), the incumbent’s expected period-2 profit is

xPNP) (1 ) ((CH + (14 S)dii(emin + 04 + q&a))

) (A68)
+ (cL + (14 S)dr(emin + 05 + qép)) — (Wh, +W§2P)>
Similarly, if worker B is promoted, the firm’s expected period-2 profit is
NP — (1= 1) ((en + (14 S)dn(emin + 05 + qZ5))
(A69)

+ (e + (1 4+ S)dr (emin + 04 + qéa)) — (WRY "‘Wgz))-

It follows that the firm promotes worker A if and only if

(P,NP) (NP,P)

Y > = (1+S)(dn—di)(Ba + qéa — (05 + qé)) > Why +Why — WR3 — Wh,.

(A70)

The obvious candidate equilibrium promotion rule is that worker A is promoted if and
only if O + géa > 0p + qég. In order to prove that this is an equilibrium promotion rule,
we focus attention on the RHS of (A70). Suppose, in equilibrium, worker A is indeed
promoted iff 65 + qéa > 0 + qé. In equilibrium, outside firms correctly anticipate
the promotion rule. Therefore, T = Ta and Tz = Tg. Recalling the wage offers (A64)-
(A67), the RHS of (A70) is then equal to

di (E[OAl(Oa,B5) € TAl —E[OAl(Oa,O5) € Tg]

. . . (A71)
+E[Os](Oa, Op) € TA] — E[Og|(Oa,05) € Tgl).

In the proof of Proposition 1, we have demonstrated that the expression in parentheses
above is equal to zero.

With the RHS of (A70) being equal to zero, we see that 7w'""NP) > n(NP.P) jg equivalent
to O + qéa > 0 + qép, the candidate promotion rule. Therefore, this promotion rule
is profit-maximizing and part of an equilibrium, i.e., the incumbent firm does not have
an incentive to deviate from it.

The next step is to determine the two workers’ period-1 effort choices. We start by
considering worker A. In equilibrium, worker A anticipates to be promoted if and only
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if (below we replace output ya1;r by actual output which is a function of actual effort
ea that is chosen by the workers)

éA—|—C|éA >éB+qéB

e JMLTOL e > PBE T a4 e
dL dL
(cr +di(ea+6a)) —cr (1—q)én > (cL +difes +08)) —cr (1—q)és
dL dL
—ea+0a—(1—q)éar >ep+0g—(1—q)és
<:>93<9A+eA—eB—(1—q)(éA—éB).
(A72)

Worker A’s subjective promotion probability (using pdf f) can now be stated as

ﬁA:J F(x+ea—es—(1—q)(éa—8&))f(x)dx (A73)
We continue the analysis supposing that efforts and beliefs imply that Po € (0,1), in
line with our assumption that none of the workers is promoted with certainty.
Differentiating with respect to A’s choice variable e, we obtain

op o0 L

ae_A:J f(x+ea—ep—(1—q)(éa —€g))f(x)dx. (A74)
A —00

Denote equilibrium efforts by e} and e};. As beliefs regarding efforts are confirmed in

equilibrium, e = éx = e, and eg = €g = ej;, the latter expression simplifies to

o0

:J f(x+ qles —ep)) f (x) dx. (A75)

—00

oPA
aeA

(ex-ep)

We now turn to A’s problem of maximizing expected payoff, which, in general terms,
can be expressed as

Pa x (expected payoff given P) + (1 — Po) x (expected payoff given NP).  (A76)
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This equals

Pawly + (1= Pa) wiE — clen)
= Pa (Who —WR5) +WR —clea)
= Pa( [e + di (emin + EOAIBA + qén > Bp + q&s] + qéx)]
— et + di (emin + E[@AIOA + qa < Op + &5 + qéA)] ) (A77)
+ [ct + di (emin + E[OAIOA + qéa < Op + q&s] + qéa)] —
= PadL (EIOAOA + qén > Op + q2al — EIOAIOL + qén < O + qeg])

+cr + di (emin + E[OAIOA + qéa < Op + qés] + qéa) — c(ea).

Note that A’s choice variable e, appears only in the cost function and in the probability
of winning P, see (A73). The reason is that wages only depend on beliefs regarding
effort (not the actual effort choices). The overconfident worker A is aware of how the
firms form expectations about A’s ability (agree to disagree) and takes this into account
in (A77) above.

In equilibrium, beliefs about the efforts of both workers are correct, &; = e}, i € {A, B}.
As a consequence, beliefs about ability realizations are correct, 6; = 0;, which implies
©; = ©;. Thus, the first-order condition to worker A’s decision problem, evaluated in
equilibrium, is

oPA

c’(e; )—dl_ aeA

(E[@A|®A +qel > Op + qej)
(ese5) (A78)

—E[OAlOA + qei, < Op + qe;g]).

By symmetry, we have for worker B, where the pdf f replaces f,

Py :J F(x+ep—ea—(1—q)(€ —ér))f(x)dx, (A79)
9Py :J f(x+qley —ex))f(x)dx. (A80)
aeB (e*A’eTg) —00

Using similar steps as above, B’s first-order condition (evaluated in equilibrium) can be
derived as follows (expressing the difference in expected values in terms of ® rather
than Og):

(E[@AIGA + qej > Op + qe}]
(e et) (A81)

—E[OAlOA + qe < Op + qe;;]).
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Using K = q(e}, — e};), the above first-order conditions can be written as

c’(en) =dp JOO f(x 4+ K)f (x) dx
(E[@AIG)A £ K> O —EOAOA +K < @B]), (A82)

(0.¢]

c'(eg) = dLJ f(x —K)f(x)dx

—00

(E[@A|@A FK> O —E[@AlOA + K < @B]). (A83)

We solve the two integrals, assuming K € (—1,1):

o0 . o “yxrlax K=o (1-K)Y K=0
f(x+K)f(x)dx = . = (A84)
J—oo [oeyx¥ldx K<O 1—-(—K)» K<o.
oo K ) fkdax o Kz0  J1-K K>0
x—K)f(x)dx = LK = (A85)
oo Jfax x<o 1+K K<O.

In the following, we prove that e’ = e} is the only equilibrium candidate that can be
derived from the first-order conditions above ((A82) and (A83)). Inserting e} = e, in
the two first-order conditions ((A82) and (A83)), we get K = 0 and the two integrals
both have value 1, such that both the left-hand sides and the right-hand sides of (A82)
and (A83) are equal to each other, confirming that e}, = ej}; is a solution of the first-order
conditions.

Now consider e}, > ej. This implies K € (0, 1), and it would require that the right-hand
side of (A82) is larger than the right-hand-side of (A83). This is equivalent to requiring
(1—XK)Y >1—K, but this is violated asy > 1 and K € (0, 1).

Now consider e < e}. This implies K € (—1,0), and it would require that the right-
hand side of (A82) is less than the right-hand-side of (A83). This is equivalent to re-
quiring 1 — (—K)Y < 1 + K, but this is again violated as y > 1 and K € (-1, 0).

A.5 Period-1 Wages

In this section we analyze period-1 wage payments w4, and wj,;. In period 1, the
incumbent expects a net profit from worker A equal to

cL +diE[©A] ej\ — WRl
dr . ) (A86)
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and from worker B equal to

¢y + diE [Og] CE — WEl
(A87)

do

2

*

_ *

We assume that, due to a competitive labor market, the incumbent expects zero total net

profit from both periods. Thus, in order to determine w’; and wj; we need to derive

the total expected net profit from each worker over both periods.

We continue with deriving the incumbent’s expected output in period 2 (recalling that

the workers stay at the incumbent firm with probability 1 — ). The expected output

from worker A is (recalling (12) and (13))

(1-7) (P(Or+ qex > Op + qep) (cri + (1+S) duemnE [On + x| O + e > Op + qej])

+P (@A + qef\ < @B —+ qe’g) (CL —+ (1 + S) dLemmE [@A + qej;l@A + qej‘\ < @B —+ qe”];]) )
(A88)

Similarly, for worker B we have

(1—1) (P (On + qe’y, > Op +qety) (cr + (1+S) dreminE [Op + qel| Oa + qel > Op + qebl)

FP(Oa +qe <Op +qel) (e + (1+) dyemnE [Op + qel|Oa + qel < Op + qeb]) )
(A89)

As a final ingredient of the incumbent’s total profit, consider the expected wage payment
to each worker in the second period, recalling (A49)—-(A52). For worker A this is

(1 —T) <C]_ + dLemm<P (@A + qe*A > ®B + qeg) (E [®A|@A + qej\ > @B + qeg] + qej\)

+ P (Oa + qen <Op + qeg) (E[OA|OA + gey < Op + qef] + qem)),
(A90)

where

P(Oa 4 qey > Op + qep) E[OA|OA + qej > Op + qeg]
1 (A91)
+P(Oa + qei < Op + qes) E[OA|OA + qei < Op + qejl = 7

The latter follows from the law of total expectation and can easily be verified using the
results in Lemmas 1 and 2. So the expected wage payment simplifies to

(1—7) (CL + di emin G + qd;)) . (A92)
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Similarly, the incumbent’s expected period-2 wage payment to worker B is

(1 - T) (CL + dLemin (% + qe§>) . (A93)

Combining the above results (A86), (A88), and (A92), the incumbent’s total expected
net profit (output minus wages) from worker A is

do

1
cL + 2 CR—W*Al—(l—T) (CL+dLemin (§+qe*A>) +(1—T)'
<P (@A + qej\ > O + qe*{g) (CH + (1 + S) dyeminE [@A + qe’;\IG)A + qejz\ > Op + qe"]_;,])
+P(Oa+qgey <Op+qeg)(cL+(1+S)diemnE[Oa + qer|Oa + ge < Op + gegl) )

(A94)

If we impose a zero-profit condition on worker A, then the incumbent needs to pay
worker A a period-1 wage of

d 1
W*Al =CL + 76A - (1 _T) (CL + dLemin (E + qe;)> + (1 —T) .
<P (Oa + qe’y, > Op + qes) (e + (1 +S) diemnE [Oa + qei] Oa + qel > Op + qeb])
+P (®A + qe; < 63 + qe%) (CL + (1 + S) dLeminF— [@A + qef\l(@;\ + qej\ < @B + qe”];]) )

(A95)

Denoting K := q(ej — q5), we can write this as

d 1
W;l =cCr + 71_6; - (1 - T) (C]_ + di emin (E + qe;)) + (1 —T) .
(P(OA+K>88) (cr+(1+S) duemn(E[OA|Or + K > Op] +qep))  (A9)

FP(OrA+K<Og)(ct +(1+S)diemn(E[OA]Or + K < Og] + qe;))>.

Recall the promotion probabilities (A4) and (A5). Furthermore, insert conditional ex-
pectations developed in Lemma 2 to write the above as

d 1
Wap =cL+ %ej\ —(1—1) (CL + diemin (E + qeR)) +(1—1)-

243K —3K? 4+ K3

1 ) \
(§(1+2K—K)(CH+(1+S)dHemin( 3011 2K — K?) +qu>) (A97)

1 1—K
+§(1 — 2K + K?) <CL + (1 +S) dremin (T + q€j—\>)) :

Similarly, collecting (A87), (A89), and (A93), worker B’s period-1 wage would have to

48



be

d 1
ng =cCL+ ELeT% - (1 —T) (CL + dLemin (E =+ qeg)> + (1 _T) :
(P (©a +qen > Op +qep) (cr + (1 +S) dreminE [Op + qeg|Oa + qe, > Op + qeg])

L P(Oa +qe < Op +qel) (e + (1+) duemnk [Op + qel|Oa + qei < Op + qeb)) )

(A98)
Denoting K := q(ej — qi), we can write this as
Wg =CL + %e}; —(1—1) (CL + di emin (% + qe’é)) +(1—1)-
(P (@A + K> 0g) (cL + (1 +S) diemin(E [Op|OA + K > Ol + qeg)) (A99)

+P(OA+K<Og)(cn+(1+S)dnemn(E[OpOa +K < Op] + qe%))).

Recall the promotion probabilities (A4) and (A5). Furthermore, insert conditional ex-
pectations developed in Lemma 2 to write the above as

d 1
Wi =1+ Shep — (1) (cL + dremn (5 " qe’g)) F (-1,

1 , 14 3K—K3 .
(5(1 + 2K — K*) (cL + (14 S) diemn (3(1 oK K2 + qu)) (A100)

1 2+K
+§(1 — 2K +K?) (cH + (1 +S) dHemin (% + qu))) .

Thus, (A97) and (A100) define the equilibrium period-1 wages w7, and wj; that are
obtained if we impose a zero profit condition on each worker.

As an alternative, suppose the workers receive the same wages in period 1, based on a
zero-profit condition for the incumbent firm as a whole, rather than individual workers.
Then each worker receives one half of the sum of wages computed above, i.e., one half
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of the sum of (A97) and (A100). This sum of wages is

d 1
Wi +Wh =cL + _Lej\ —(1—71) (cL + diemin (5 + qe})) +(1—1)-

2
1 2+ 3K—3K%2+K3

~(1+4+2K —K? 1 i *
(2( + 2K )(CH—i-( +S)dHemn< 3(1 12K K2 —|-qu))

1 1—K
+§(1 — 2K+ K2) (CL + (1 + S) dLemin (T + qe*A)>)

d 1
+CL+—Le§—(1—T) (cL+dLemin (§+qe*{3)> +(1—1)-

2
1 ) 14+3K—K? .
(§(1+2K—K ) (CL+(1+S)dLemm <3(1+2K_K2) +qu))
1 2+ K
5(1 —2K—|—K2) (CH + (1 —l—S) dH emin (% + qeg)))

d;
=(1+T)ct +(1—7)en + = 5 (eA+eB) (1 —1)dremin(1l+ q(ex +ep))

1 24+ 3K — 3K2 4 K3
+(1—T)(1+S)€mm( (14 2K — K2)dyy < + il +qe§\>

3(1 + 2K — K2)
(1—-2K+K*)d (—+qu>)

1+3K—K3
(142K — Kz)d( 3 +qe;;)

[\JI.—\

[\Jlr—\

+(1—7)(1+S)emnn

;(1—2K+K2 )dn (—+qu))

3(1 + 2K — K2)

(A101)
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This can be simplified to

d
Wiy +why = (1+Ter + (1 — e + f(e; +ey)—(1—T)diemn(l+ qles +e3))

24+ 3K —3K%2+ K3
3(1 + 2K — K2)

F(1L-7) (1 4+ S)ewns ((1 12K - K2)dy (

+ (1 —2K 4+ K?)d (ﬂ>

3
14+3K—K3 2+K
1+ 2K —K?)d 1—2K+K)dy [ ——
Ty ) L(3(1+2K—K2)>+( 1) “( 3 )

(142K — K¥)q(dnely + drely) + (1 — 2K + K2)q(di el + dHe;g))
d
= (L+ e+ (1= Ten+ - (€x +ef) — (1= T)dremn(1+ qle} + )

1/1
+(1—1)(1+ S)eminE (§ (di (24 3K*—2K?) + djy(4 — 3K* + 2K?))

(142K — K2)q(dne’, + dred) + (1 — 2K + K2)q(dre’, + dHeg)).
(A102)

Each worker receives one half of this sum, implying that the incumbent makes a profit
from one of the workers, and a loss from the other, with zero profit in total.

A.6 Worker B has a lower effort due to the presence of overconfident

worker A (Comparison with a symmetric game)

Consider the benchmark case where the firm hires two “B” workers (who are not over-
confident), with ability drawn from the Uniform distribution on [0, 1], as in the main
model.

Denote the symmetric equilibrium candidate effort by ég. From the main model, recall
the probability of winning of a worker of type B as a function of the worker’s choice
variable, denoted here by eg, evaluated at firms’ candidate equilibrium beliefs ég and
assuming that the other worker plays the candidate equilibrium effort ég.

Recall the marginal promotion probability of worker B in the main model, (A35), and
now evaluate at ég for both workers

oP o0
] :J f(x) =f (x) dx
0eB [ (a5 J-oo €B
1 Jl (A103)
=— | xdx
€B Jo
1
- 28

Furthermore, recall worker B’s first-order condition, (A36), and again evaluate at effort
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ép for both workers to get

oP
¢'(ég) = dremin a—B E[OAlOA > O] —E[OAIOA < @B]>
€8 (ép,ép)
1 2 1
=diemnzz |5 35 (A104)
Lemin D (3 3)
1
< c'(ép)ép = dLeming-

The last line of (A104) characterizes the symmetric equilibrium effort that is obtained
in a game between two workers in the absence of overconfidence.

Now compare this with worker B’s equilibrium first-order condition in the main game,
the second line of (A42). As the LHS in both expressions is increasing in effort, the
worker has a larger effort in the symmetric game if the two RHS satisfy

1 1 142K
6 6 1+2K_K2 AL0S
1+ 2K (A105)
e 1> (1K) =
> Tk —1e

For our K € (0, 1), we can multiply by 1 4+ 2K — K2 > 0 and simplify to get 2K3 > 0
which is true. Thus, worker B competing with the overconfident worker A in the main
game has a lower effort than B would have in a symmetric game with another B-worker.
We mention that the second-order condition for the symmetric game holds. The second
derivative of the promotion probability is either zero or negative.

Now look at the expected utility of a worker in this symmetric game.

We start from (A46) and evaluate at ég = eg = ej; and K = 0, then insert the promotion
probability from Lemma 1 (which also holds for K = 0) as well as results (c) and (d) of
Lemma 2 (which also holds for K = 0) to simplify as follows.

| Fex700) @x dienn (E10AIOA > 01— El0AI4 < O4)

A

+cL + diemin (E[Op|@a > Ol + qég) —c(€p)

1

2 1 1 N R
= EdLemin (§ - §> + CL + dLemin (§ + qu> - C(eB)

(A106)

1 N N
=cr + diemin (5 + qu) — C(GB).

This is the same function of effort as (A109) below (B’s payoff in the main game) only
with a larger effort.
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A.7 Expected worker payoffs

Here we start from the point in the game where workers choose effort for period 1, and
wages for period 1 are sunk. We also ignore the workers’ effort cost c(en;,) in period 2.
Consider worker A, who has a subjective as well as an objective expected payoff. Start
with the objective payoff. Recall (A44), but use f instead of f and evaluate at ey = eh-

Then insert the objective promotion probability from Lemma 1, as well as results (c) and
(b) of Lemma 2, to simplify as follows.

J F(x + K) f (x) dx dpempn (E[@AIG)A £ K> O] —E@AOA +K < @B])
+cL + diemin (E[OAlOa + K < Ogl + qel) —clenr)
1 1+ 2K 1—-—K
=—(1 2K—K2 min min | — 5 ; - ;
2( + ) dre (3(1+2K—K2))+CL+dLe ( 3 +qu> cler)

1(1+2K—K?)(1+2K) 1-—K . .
— d]_emin <6( (1 oK )_ KZ) 3 +cL + d[_eminqu — C(GA)

1
=c1 + di emin (5 + qe*A) —c(en)-
(A107)

Now turn to the subjective payoff. Replace the objective by the subjective promotion

probability from Lemma 1 above, while the rest remains unchanged, and rewrite as
follows.

J F(x + K) f (x) dx dLemm<E[®A|®A £ K> O] —E@AOx +K < @B])

+cr + diemin (E[OAlOA + K < Opl + qe ) —c(enr)

(1—K)v+ 1+ 2K 1-K . )
= 1_’YT dLemin 3(1—|—2K—K2) +CL+dLemin T"’qu —C(eA)

=cL + drem 1—(1_K)yH 1+2K +1_K+ en | —cler)
— CL LC€min 'Y+1 3(1—|—2K—K2) 3 qA A

(A108)

Obviously, this must be larger than (A107), i.e., the first term in parenthesis is posi-
tive. This is because the only difference between (A107) and (A108) is the promotion
probability, which is larger in (A108), due to f instead of f.

For worker B we start from (A46) and evaluate at ez = e}, then insert the promotion
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probability from Lemma 1 as well as results (c) and (d) of Lemma 2 to simplify as follows.

J F(x — K) f (x) dx dLemin<E[®A|®A +K> O —E[OAIOA +K < @B])

—00

+cr + diemin (E[O|OA + K > Ol + qep) — c(e})

1 1+ 2K 14 3K-—K2
=5(1—-2K K2 dr €min di emin ] — x
5 ( +K) dee (m1+2K—Ka)+°V+L€ (3u+2K—K%+q%) cles)

1 /(1—2K+K?)(1+2K)+2(1+3K—-K3) . §
:CL+dLemin6 ( (1+2K—K2) + dreminqep — clep)
1 /3(1+ 2K —K?) . .
=Cr + d]_eming ( (1 T oK — Kz) ) + dLeminqu — c(eB)
1
=cr + diemin (E —+ qe’g) — c(e*B).
(A109)
Summarizing, the objective expected payoffs are
1 k *
cL + diemin <§ + qu) —c(en)
(A110)

1
¢t + diemin (5 + qu) —c(eg).

Comparing these two expressions, it is clearly conceivable that worker B’s payoff can be
higher or lower than worker A’s. Numerical examples confirm that both situations are

consistent with equilibrium.

A.8 Comparative statics with respect to y and g

In this subsection, we demonstrate that, for sufficiently convex cost functions, we have

% > 0, % < 0, % < 0, and % < 0. We start by writing (A42), where K =

q(ey —eg), as

v(1—K)>" 142K

Ha :=diem —c' (e )eh =0 Al111
A LC€min 3(Y+1) 1+2K—K2 c (eA) eA P ( )
1 5 1-+2K Py
HB = d]_eming (1 —K ) m —c (GB) ey = 0, (A112)
Define the Jacobian matrix as
dHA OHa
J = ( o ot ) (A113)
be; aeB

54



and assume that c is sufficiently convex such that

_ OHAQHg  Hg dHA
ey Oey  deh Oej

1]l > 0. (A114)

We first show that sufficient convexity of the cost function implies % > 0. We have

oH oH
aet\ — l . - ayA ae’é\
a,y |J| __0Hp OHpg

oy deg
01\ 2y ey | 0y oep
__laHAaHB
Jl oy Qep’
as ai;lf = 0. Now notice that
OHA 1 1 1+2K
—2 —diemn———— (1 —K)" ((In(1 =K 1)+1)————=—. (Al16
3y, = diemny = (1=K (I (1= Ky (1) 4 1) s (AL16)

If the cost function is sufficiently convex, or the marginal effort cost sufficiently large,

then K is relatively small. Accordingly, In(1—K) is close to zeroand (In (1 — K))y (y + 1)+

OHg
dep

1 is positive. In this case, we have % > 0. Finally, as |J| > 0 and < 0 (worker B’s

x
den

v > 0.
We continue with showing aaif < 0 for sufficiently convex cost functions. We have

oH oH
de} _ 1 _Oe;/:\ — oy

second-order condition of utility maximization), we obtain

dej oy
_ l ' (_ OHA OHg  OHp 5HA> (A117)
1]l den Oy  Qdey Oy
 10HpdHA
Jl dex oy’
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as 2He — (. We further have

oy
%]:j B dLemm% (_2Kq : +12+K21<K2 b (1+2K —(11<2+) ;K“—Jl;zz)]:) (29 — 2Kq)>
= dLemmé (41«1% + (1=K (fingjgf)
- dLemmé$ (—1 — 2K+ (1-K?) %)
_ —dLemin% I 21<K2q_ 7 (4K +3 —K2).

(A118)
As K € (0,1), we have 31& < 0.
A
As argued above (following (A116)), if the cost function is sufficiently convex, we get
% > 0. It follows that % < 0.

We continue with %, again for sufficient convexity of the cost function. We have

__OHA 9Ha
aej;_l"< dq ae;g>
= __@Hp dHg

o ]l e e

1 (_aHA OMp , OHs aHA>
i 0q Qdey  0q dey /)

(A119)

. L OHaA
Now define A := e}, — ey Note that S is equal to

de [YA=KYA 142K +y(1—K)V+12A(1+2K—K2)—(1+2K)(2A—2KA)
£ Fmin 3 1+2K—K2 ' 3(y+1) (142K —K2)?

Cde y(A-=KYA 142K v (1=K 2KA (1 +K)
— TLmin 3 1+ 2K —K2 3(vy+1) (14 2K-—K2)?

_ diemnAy (1-K)" (—(1+2K)+ 2K (1 —K?2) )

3(1 + 2K — K2) (v + 1) (1+2K—K2)
(A120)

Consider the sum

2K (1 —K2)

—(1+20+ (v + 1) (1 + 2K — K2)

(A121)

in (A120) above. The first term is negative, while the second is positive and decreasing
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in y. For y = 1, we have

K(1-K*) K*—3K2-3K-1
14+2K—-K2  142K-K2

— (14 2K) + <0. (A122)

As the second term is decreasing in y and y > 1, we conclude that

2K (1 —K?)
(v +1)(1+2K—-K?)

— (14 2K) + <0 (A123)

in (A120), and, thus, %2 < 0.
Now return to (A119), and recall that 2H& < 0. Suppose that the cost function is suf-
B

de
91: has a relatively large absolute value such that the sign

ficiently convex such that 5!
B

of aae(i; is determined by the first term of the expression in (A119), i.e., by |_Tllaa% %‘:P.
B

As all three factors are negative, and noticing that, in the remaining term of (A119),
aquB aalz*; aa? < 0. A similar approach
has been taken in Giirtler et al. (2023). The idea is that the direct effects of q on effort

are decisive rather than the indirect effects.

does not depend on the cost function, we observe

Finally, consider %—? < 0. We have

oH oH
ae*B _ l . aeﬁ - an

dep 99 (A124)
1 (_aHA OHg OHp aHA)
)l dey 0q  dej 0q )’
and
OHg  diemn 1+ 2K o 2KA (14 K)
= —2KA—«+—— 1—K
aq 6 < 1—|—2K—K2+( )(1—|—2K—K2)2
( )( 2) (A125)
_ dl_eminKA 1+K)(1—-K
_3(1+2K—K2)< A+2K+ = )
Notice that, for the term in parentheses, we have
1+K)(1-K?2 K (K2 —4K -3
—(1+2K)+( K ) _K( ) <0, (A126)

14 2K — K2 1+ 2K —K?

implying that % < 0. Now recall (A124). Similar to our argument for % < 0, sup-

dHA

pose that the cost function is so convex that the negative (worker A’s second-order

dep
condition) has a sufficiently large absolute value so that the sign of % is determined
by the first term of the expression, i.e., 7 54 %E. As all three factors are negative, and
A

dHg OHA

noticing that, in the remaining term of (A124), 5% 3
A

does not depend on the cost
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function), we observe

deg
oq

< 0.
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