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Introduction

Many of our interactions are shaped by the beliefs we hold about the people
we interact with. Because of this, we often try to gather information about
others. This information shapes our beliefs, which then inform the decisions
we make. For example, believing that one group is inherently worse than
another might lead us to discriminate against that group. Similarly, believing
that one employee is better than another might lead a manager to promote
that employee over the other. This thesis deals with how people collect and
interpret information about others, broadly speaking, and applies this to
discrimination and promotion contests.

The first chapter, “Salience-Based Stereotyping,” deals with the question
of how members of a socially dominant group form incorrect and overly
negative beliefs about members of a socially dominated group. In my model,
everyone is endowed with productivity, which depends on an intrinsic part
as well as an additive education parameter. In the socially dominated group,
there are less educated individuals—for example, due to historic discrimina-
tion. An agent from the dominant group wants to learn the average intrinsic
productivity of the dominated group. Whenever he observes a productivity
signal from one of the educated individuals among the dominated group,
however, the relatively low share of educated individuals among them makes
education very salient to him. As a result, he overweights the importance
that education had in generating the observed productivity. Conversely, this
implies that he will underweight the importance of intrinsic productivity.
This will, in the long run, lead to overly negative beliefs about this intrinsic
productivity parameter, based on which the dominant group discriminates
against the dominated. Beyond this, the model can also explain other things,
like in-group bias or stereotype substitution, as well as make additional
predictions regarding the effects of affirmative action.

The second chapter, “Meritocracy in Hierarchical Organizations,” is
coauthored with Patrik Reichert and deals with the question whether com-
petitive promotion schemes are—as often believed—really best in selecting
talented members of an organization. More specifically, we consider an
organization with three tiers. The middle tier receives ability signals of the
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2 TELLING TALENT

members of the bottom tier and then proceeds to promote one of them to the
middle tier. Afterwards, the incumbent and the entrant at the middle tier
compete over a promotion to the highest tier. In our case—unlike under the
standard modeling paradigm—the competition on the organization’s middle
tier creates moral hazard: The incumbent has an incentive to promote a
subordinate who has low ability as this makes competing against this person
in the future easier. This way the incumbent can secure her own career
prospects—at least to some extent. We show that, as a result, uncompetitive
promotion mechanisms which are based on seniority rather than performance
might outperform competitive schemes in their selection power. At the same
time, we identify a novel trade-off between the selection of talent onto the
middle and top tiers of the hierarchy. Whether this trade-off occurs, and
whether more noisy environments favor or disfavor the competitive scheme
depends crucially on the distribution of talent at the lowest tier of the
organization.

The third chapter, “Promotions Under Excessive Workplace Surveillance,”
deals with a similar question as the previous chapter: How can promotions
in an organization be designed such that the (expected) talent—which is
ex-ante unknown to the principal—of whomever she chooses to promote
is maximized. This time, I consider an organization with only two tiers
and examine the extent to which the principal should monitor the workers.
More monitoring implies that the principal gathers less noisy information
about the performance of each worker. As it turns out, expected talent is
maximized when some noise is introduced to the evaluation. Would the
evaluation be completely noiseless, a lower ability employee would drop
out of the competition since she would have no chance of winning. This
means that also an employee with high ability would reduce her performance
because she is now without competition. Once the high ability agent has
reduced her performance however, the low ability agent has a winning chance
again and therefore an incentive to enter the competition after all. This logic
implies that equilibrium can only exist in mixed strategies. These introduce
endogenous noise to the performance, which can distort the relation between
performance and ability even more than the exogenous noise introduced by
less monitoring.

Chapter 1

Salience-Based Stereotyping

Timm Behler

Abstract

I propose a model in which an agent from a socially dominant group
learns about the average productivity of a socially dominated group.
Productivity is determined by an intrinsic productivity parameter
and education. The agent updates his beliefs overweighting the
importance of education based on how salient it appears to him
among a given group. The model can account for several stylized
facts: i) The agent will hold persistently negative beliefs about the
dominated group; ii) he will be subject to in-group bias, exhibiting
overly positive beliefs about his own group; and iii) adding a new
dominated group can improve the dominant group’s perception of the
old dominated group. Additionally, it predicts that iv) stereotyping
is particularly extreme if the agent learns mostly from “tokens”—in
which case the agent’s beliefs get more negative even though his
sample mean increases—and that v) affirmative action aimed at one
of two dominated groups can help that group but hurt the other.
Lastly, the model provides a novel connection between taste-based,
accurate statistical, and inaccurate statistical discrimination, leading
to a feedback loop between discrimination in education and inaccurate
beliefs about the dominated group.
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1.1 Introduction

Stereotypes are often inaccurate yet persistent. Devine and Elliot (1995),
for example, show that the content of the stereotypes black Americans have
to face has changed very little over the last century. Such persistence is
difficult to reconcile with standard economic learning models: With sufficient
access to data, inaccurate stereotypes, for example about a group’s average
productivity, should converge to the truth. Based on insights from social
psychology, this paper provides a possible explanation for why stereotypes are
hard to unlearn, even with infinite access to data, and explores implications
thereof.

The explanation rests on a psychologically well-founded observation,
which—to the best of my knowledge—has not been integrated into the eco-
nomics literature:1 Individuals focus on features that are inconsistent with
the expectation of the stereotyped group to “explain away” incongruities
between what they believe and what they observe. I incorporate this idea
into an economic model of stereotyping: An agent from a socially dominant
group sequentially learns about the average productivity of a socially dom-
inated group.2 Productivity depends on a productivity parameter whose
distribution is intrinsic to the social group, and on whether an individual
is educated or not. Based on how representative of the dominated group
education appears to the agent, he over- or underaccounts for its role in
generating the observed data. I show, among other things, how this can
lead the agent to hold wrong beliefs about both the agent’s own and other
social groups that persist even in the long run: Beliefs about the stereotyped
group will be negatively biased whereas beliefs about the agent’s own group
will be positively biased. These predictions are consistent with empirical
observations and an assumption in several theories of discrimination in the
psychology literature.3

Indeed, the logic of this paper is related to the social-cognitive approach to
stereotyping, advocated for by many social psychologists (see, e.g., Sidanius
and Pratto 2001 for an overview). Following Allport, Clark, and Pettigrew

1For evidence from psychology, see, for example, Erber and Fiske (1984), Neuberg
and Fiske (1987), Pratto and Bargh (1991), or Hilton and Von Hippel (1996).

2I borrow the terms “socially dominant” and “socially dominated” from the psychology
literature on “social dominance” (Sidanius and Pratto 2001). The idea is that many
societies are hierarchical in nature, whereby some groups (the dominant groups) control
more resources (e.g., the labor market) than others (the dominated groups), or have
otherwise more influence on social outcomes.

3See, for example, Sumner (1906), Allport, Clark, and Pettigrew (1954), or Tajfel
and Turner (1982).

SALIENCE-BASED STEREOTYPING 5

(1954), its main conclusion is that stereotypes are the result of unassuming
learning processes. They argue, however, that individuals often have to
simplify their data to make sense of them, or have a predisposition towards
other imperfect learning rules, which leads them to hold potentially wrong
and overly negative beliefs about other social groups.

The social-cognitive approach contrasts the paper with the classical
economics literature on stereotyping and discrimination, where discrimi-
nation is assumed to be based either on true differences between groups
(“statistical discrimination:” see, e.g., Phelps 1972) or on a decision maker’s
distaste against a specific social group (“taste-based discrimination:” see,
e.g., Becker 1957). Only more recently have economists incorporated the
idea that stereotyping and discrimination can be based on wrong beliefs
(see, e.g., Bordalo et al. 2016; Sarsons 2017; Bohren et al. 2019; Heidhues,
Kőszegi, and Strack 2023b).4,5,6 My model, too, can be interpreted in this
context of “inaccurate statistical discrimination” in that stereotypes are not
understood as an intrinsic distaste against a certain group or a reaction to
true group differences, but rather as an incorrect belief in certain group
differences.

Model Overview. In section 3.2 of this paper, I introduce the formal
model. An agent who belongs to a socially dominant group sequentially
observes the productivities of the members of a socially dominated group.
The observations come in two flavors, as members of the dominated group
can be one of two types: They can be educated or uneducated. Types are
observable to the agent. An individual’s productivity is a random variable.
Its distribution depends in part on an intrinsic productivity parameter
whose (unconditional) distribution is common among all members of the
dominated group, and on an productivity parameter whose (conditional)
distribution depends on whether a person is educated or uneducated. I
make two assumptions: First, educated individuals have, on average, higher
productivity than uneducated individuals; second, the agent believes that
being educated is less likely for members of the dominated group than for
the dominant group. Such a belief would be correct for different racial

4In some of these papers, stereotypes may still contain a “kernel of truth,” but
stereotypes will amplify these real group differences. See also Judd and Park (1993) for
work on this kernel-of-truth hypothesis from psychology.

5One reason for why economists have incorporated the concept of inaccurate statistical
discrimination into their models only recently may be that it is difficult to disentangle
from other forms of discrimination. Recent work tackles this (see, e.g., Feld et al. 2022).

6See also Section 4 in Onuchic (2022) for an overview of recent contributions to the
literature on inaccurate statistical discrimination.
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1For evidence from psychology, see, for example, Erber and Fiske (1984), Neuberg
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2I borrow the terms “socially dominant” and “socially dominated” from the psychology
literature on “social dominance” (Sidanius and Pratto 2001). The idea is that many
societies are hierarchical in nature, whereby some groups (the dominant groups) control
more resources (e.g., the labor market) than others (the dominated groups), or have
otherwise more influence on social outcomes.

3See, for example, Sumner (1906), Allport, Clark, and Pettigrew (1954), or Tajfel
and Turner (1982).
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groups in the US, where both black Americans and Hispanics have lower
rates of college completion than white Americans (Pew Research Center
2019), or regarding gender differences in specific educational domains like
engineering (Pew Research Center 2021).

The agent makes one crucial mistake when updating his beliefs and is,
in this sense, only boundedly rational. In a logic similar to that in Bordalo
et al. (2016),7,8 the agent (subconsciously) evaluates the representativeness
of being educated for the dominated group by comparing the likelihood
of a member of the dominated group being educated with that of the
dominant group. Because the agent believes being educated to be less likely
for members of the dominated group, he perceives education to be less
representative of them. Drawing an observation from an educated member
of the dominated group is, in this sense, unexpected, which makes the
respective individual’s educational attainment salient to him. To capture
the psychological logic I am interested in, I assume that the resulting salience
of education leads the agent to overweight its importance for generating
the observed data with respect to the true statistical model of the world.
The salience-based bias I introduce allows the agent’s misspecification to be
context-dependent. Indeed, it is the context dependency of the bias which
allows me to explain several stylized facts within one unified framework—and
make additional predictions.

From a behavioral perspective, my model is most closely related to
Bordalo et al. (2016) due to the use of the representativeness heuristic
to derive stereotypes. Their paper, however, does not include learning
and, instead, the representativeness of certain characteristics distorts the
recall of a distribution. Among the papers on biased beliefs about social
groups that consider learning, my paper is most closely related to Heidhues,
Kőszegi, and Strack (2023b), some of whose predictions overlap with mine—
most notably regarding negative stereotypes and in-group biases. Their
main mechanism, however, is different and based on overconfidence rather
representativeness. As it turns out, this distinction is important. For

7This idea is related to other work that incorporates salience into economic models
(see, e.g., Bordalo, Gennaioli, and Shleifer 2022 for an overview). Here, a decision
maker—for concreteness, we can think of her as a consumer—overweights the importance
of salient product traits (e.g., price vs. quality) when she evaluates the utility that a
purchase decision will generate. As a result, purchase decisions may be both context
dependent and suboptimal when compared to an evaluation according to the agent’s true
utility function.

8The authors of these previous papers introduce this logic to provide an economic
formalization of the representativeness heuristic by Kahneman and Tversky (1972). For
other economic research around the representativeness heuristic see Barberis, Shleifer,
and Vishny (1998) or Dumm et al. (2020).
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example, in my model it is straightforward to allow for the analysis of
common anti-discriminatory policies, such as affirmative action, because
they directly affect representation—i.e., the foundation of the bias in my
model. Overconfidence, however, is not directly affected by such policies.
Indeed, overconfidence is known to be a particularly persistent bias and
tough to combat with policies, making the results in Heidhues, Kőszegi, and
Strack (2023b) more pessimistic than mine.

Outline and Results. In section 1.3, I first apply the model to show
how a negative stereotype about the dominated group’s productivity can
both emerge and persist. The mechanism described above leads the agent
to overweight the importance of education for generating the observed
data. Because educated individuals have on average a higher productivity
than ordinary individuals, he will often misattribute high signals to a high
education. Conversely, the agent will underaccount for the role of the
individual’s intrinsic productivity, leading to a negative stereotype—even in
the long run.

The logic also sheds light on the observation that different (potentially
incorrect) stereotypes can interact with and cause each other (see, e.g.,
Hamilton and Rose 1980 for experimental work from psychology): The
negative bias against the socially dominated group is more pronounced
the lower the agent believes the share of educated individuals among the
dominated group to be. If the agent holds, for example, a negative stereotype
regarding the educational attainment of the dominated group, this stereotype
will increase the salience of education and, hence, lead to a more severely
negative stereotype regarding the dominated group’s productivity.

After deriving the baseline result, I briefly interpret it in light of the dis-
cussion around “tokens.” Tokens are members of an underrepresented group
that are placed in prestigious positions—e.g., on a corporate board—simply
so that the responsible organization can be perceived as inclusive. While
the social psychology literature discusses several reasons why such tokens
may increase the extent to which members of a disadvantaged group are
negatively stereotyped, my model provides a novel explanation: Intuitively,
individuals who are tokens are often highly educated. Additionally, since
many real-world societies face segregation between dominant and dominated
groups, tokens are typically figures through which the dominant group learns
about some average characteristic of the dominated group. When the agent
learns about the dominated group mostly through tokens, he therefore learns
mostly from educated people. The more he learns from educated people,
the more biased are his long-run beliefs since the agent only misperceives



6 TELLING TALENT

groups in the US, where both black Americans and Hispanics have lower
rates of college completion than white Americans (Pew Research Center
2019), or regarding gender differences in specific educational domains like
engineering (Pew Research Center 2021).

The agent makes one crucial mistake when updating his beliefs and is,
in this sense, only boundedly rational. In a logic similar to that in Bordalo
et al. (2016),7,8 the agent (subconsciously) evaluates the representativeness
of being educated for the dominated group by comparing the likelihood
of a member of the dominated group being educated with that of the
dominant group. Because the agent believes being educated to be less likely
for members of the dominated group, he perceives education to be less
representative of them. Drawing an observation from an educated member
of the dominated group is, in this sense, unexpected, which makes the
respective individual’s educational attainment salient to him. To capture
the psychological logic I am interested in, I assume that the resulting salience
of education leads the agent to overweight its importance for generating
the observed data with respect to the true statistical model of the world.
The salience-based bias I introduce allows the agent’s misspecification to be
context-dependent. Indeed, it is the context dependency of the bias which
allows me to explain several stylized facts within one unified framework—and
make additional predictions.

From a behavioral perspective, my model is most closely related to
Bordalo et al. (2016) due to the use of the representativeness heuristic
to derive stereotypes. Their paper, however, does not include learning
and, instead, the representativeness of certain characteristics distorts the
recall of a distribution. Among the papers on biased beliefs about social
groups that consider learning, my paper is most closely related to Heidhues,
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the signals generated by educated people. Perhaps counterintuitively, be-
cause educated people have a higher expected productivity than uneducated
people, this also implies that the agent’s belief about the dominated group’s
average productivity can decrease as the average productivity in his sample
increases.

In section 1.4, I show how my model can help to explain in-group bias—
i.e., overly positive views that the an agent from the socially dominant group
has bout the average productivity of his own group. To do this, I allow
the agent to be uncertain about the average productivity of the socially
dominant group and learn about it over time too. A logic that is, in a sense,
reverse to that described above implies that the agent will perceive being
educated to be very representative of the dominant group, and, hence, it
will not be salient to him. As a result, he underweights the importance of
education for the generated data, which leads him to have an inflated view
about the average productivity of the dominant group. Such an in-group
bias is in line with empirical observations (see Mullen, Brown, and Smith
1992 for a meta-analysis). The result is related to an idea from sociology and
psychology, where socially dominant groups have privileges—e.g., because of
historic and ongoing discrimination—that they do not necessarily recognize
(see, e.g., Collins 2018). In my model, because it is so expected for members
of the dominant group to be educated, they fail to account for the positive
effect of education when updating their beliefs, generating the positive bias.

In section 1.5, I investigate what happens when a second, new dominated
group enters the society. We can think of such a group as a more recent
cohort of immigrants. Assuming that the agent believes that the second
dominated group, too, is less likely to be educated than the dominant group,
its introduction affects how the old dominated group is evaluated: The
agent will now compare the old dominated group to both the dominant
group and the new dominated group. Education is now less salient among
the old dominated group than before and, as a result, the long-run beliefs
about the old dominated group’s average productivity will be less negatively
biased than before. As such, my model can also provide an explanation
for the empirical observation that upon the entry of a new dominated
group, stereotypes regarding the old dominated group often decrease and
seem to center around members of the new group instead (see, e.g., Fouka,
Mazumder, and Tabellini 2022).

In section 1.6, I stay in the framework with two dominated groups to
show how affirmative action can benefit one dominated group while hurting
the other. I introduce a policy maker who implements an affirmative action
policy which increases the share of educated individuals among the old
dominated group but not among the new. The reason could be either that
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the affirmative action policy is aimed at one of the groups specifically, or,
equivalently, that it only reaches one of them—e.g., due to an asymmetry
in the language barriers the two groups face. Such a policy can—but must
not—decrease the extent of stereotyping faced by the old group: Education
will be less salient among the old group and, hence, the agent overweights
it less in the updating process, suggesting less biased beliefs in the long
run. There is, however, also a counteracting effect: When more people
are educated, the agent more often processes the productivity signals in a
biased way, suggesting more biased beliefs in the long run. The effect of
affirmative action on the old dominated group is therefore ambiguous and
depends on the share of educated people among the dominated group before
the affirmative action policy is implemented.

At the same time, however, the new dominated group is always harmed
by the policy: The comparison group of the new dominated group becomes
on average more educated, which increases the salience of education among
the new group. This implies that the importance of education will be more
overweight compared to the case without affirmative action. In this sense,
the new dominated group is negatively affected by affirmative action. This
suggests that, while affirmative action can be beneficial for some groups, it
must be designed carefully as to make sure that no group that is already
marginalized is harmed by it.

Finally, in section 1.7, I provide a discussion of the results around the
idea of “legitimizing myths” (Sidanius and Pratto 2001)—i.e., beliefs that
help members of the dominant group to justify a social hierarchy. Based
on this discussion, I also provide a simple formal argument about how
stereotypes might interact with more active forms of discrimination (e.g.,
the decision not to select a qualified applicant from a dominated group) and
how stereotyping and this type of discrimination can help each other to co-
exist. I further show how both classical types of discrimination—taste-based
and statistical—can cause stereotyping and, as a result, lead to inaccurate
statistical discrimination. section 1.8 discusses related literature; literature
will also be discussed throughout the text where useful. section 3.7 concludes.
All proofs are in subsection 2.A.4.

1.2 Model

1.2.1 The Society

Consider an infinite population of individuals, each denoted by i. Each
individual is defined by three parameters: (i) a productivity parameter, ai ∈
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R; (ii) an education level, ei ∈ {u, e} (uneducated or educated, respectively);
and (iii) a social group membership si ∈ {w, b}. Borrowing from the
psychology literature, I say that all individuals i for whom si = w form
the socially dominant group and those for whom si = b form the socially
dominated group. Often it is useful to think of the dominated group as
an ethnical minority (e.g. black people in the US) while thinking of the
dominant group as an ethnical majortiy (e.g. white people in the US). I
will refer to members of the dominant group as he and to members of the
dominated group as she. An individual’s type, denoted θi, refers to the
pair consisting of his or her education level and his or her social group; an
individual’s producticity is not part of his or her type. Formally, we have
θi = (si, ei) ∈ Θ := {w, b} × {u, e}.

Finally, I denote the share of educated individuals among the socially
dominated group by βb ∈ (0, 1). Similarly, I denote the share of educated
people among the socially dominant group by βw ∈ (0, 1). Crucially, I assume
that the share of highly educated people among the socially dominant group
is larger than the share of highly educated people among the dominated
group, βb ≤ βw. This captures, for example, historical discrimination. It is
also precisely in this way that we can think of one group as being dominated
and one being dominant; the dominant group may have some decision power
over who is able to get educated and therefore may be responsible for the
lower rate of education among the dominated group.

1.2.2 Productivity

Each individual is endowed with the productivity parameter ai. Specifically,
we have that an individual’s productivity is given by

ai = asi + ρaei , (1.1)

where asi is called the individual’s intrinsic productivity parameter and aei
is called the individual’s education-based productivity parameter; they are
realizations of draws from the distributions Gsi and Hei , respectively. The
distribution Gsi from which asi is drawn can differ across social groups. For
now I make the simplifying assumption that Gsi is a normal distribution
with mean µsi , and variance 1/λsi—i.e.,9

asi ∼ N (µsi , 1/λsi). (1.2)

9In subsection 1.A.2, I consider more general distributions and show that the main
insight of the paper carries over.
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We can therefore interpret λsi as a precision parameter. Notice that the
parameters—µsi and λsi—can, in principle, differ between the two social
groups, but they need not do so. The model can therefore account for
stereotyping in cases both with and without true underlying differences in
the productivity.

The distribution Hei from which the individual’s education-based pro-
ductivity parameter, aei , is drawn is specified as follows: In the case where
ei = u, I assume that that Hu is a Dirac measure at the point zero. If
ei = e instead, I assume that He is a Dirac measure at the point α > 0.
Finally, the parameter ρ ∈ R+ simply captures how important education is
for an individual’s productivity compared to the individual’s social group
membership. For example, a higher ρ suggests that education has a relatively
bigger impact.

We can put these distributional assumptions together to get the distri-
bution of an individuals’ productivity parameter, ai, conditional on his or
her education level, ei. Specifically, we have that

ai | ei = u ∼ N (µsi , 1/λsi) and ai | ei = e ∼ N (µsi + ρα, 1/λsi), (1.3)

where µsi + ρα > µsi—i.e., fixing an individual’s social group, an educated
individual has on expectation a higher productivity than an uneducated
individual. For future convenience, I will denote the mean of the second
distribution in expression (1.3) by µsi,e := µsi + ρα.

1.2.3 The Agent

There is an agent from the dominant group who, in each of infinitely many
periods t = 1, 2, ..., randomly draws a member of the dominated group from
the population. The agent can observe the individual’s realized productivity
together with her type.10 I denote the productivity of the individual who was
drawn in period t as ati. Similarly, I denote her type as θti . We can interpret
these productivity signals in different ways. For example, the observed
individual may be a coworker of the agent, and her observed productivity
may be her performance at the job. Otherwise, the observed individual may
be a public figure, and her observed productivity may be conveyed through
a news article or a public statement made by the individual.

The agent does not (ex ante) know the mean of the dominated group’s
intrinsic productivity parameter, µb, and is interested in learning it. For
simplicity, I assume that the agent knows all other parameters of the model.

10I assume for now that the agent can perfectly (i.e. without noise) observe individuals’
productivities. This is easily extended to the case where he only receives a noisy signal of
the productivities (see subsection 1.A.2).
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9In subsection 1.A.2, I consider more general distributions and show that the main
insight of the paper carries over.
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The agent does not (ex ante) know the mean of the dominated group’s
intrinsic productivity parameter, µb, and is interested in learning it. For
simplicity, I assume that the agent knows all other parameters of the model.

10I assume for now that the agent can perfectly (i.e. without noise) observe individuals’
productivities. This is easily extended to the case where he only receives a noisy signal of
the productivities (see subsection 1.A.2).
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The agent has a prior belief about µb. I denote this prior belief by µ̃0
b ,

and assume that it is distributed according to

µ̃0
b ∼ N (¯̃µb, 1/λ

0
b), (1.4)

where ¯̃µb may or may not be equal to the group’s true mean, µb. Ex
ante, the agent’s subjective distribution of the dominated group’s intrinsic
productivity parameter must reflect the uncertainty in his prior belief about
its mean. Hence, it is given by

ab ∼ N (¯̃µb, 1/λb + 1/λ0
b). (1.5)

1.2.4 Updating Procedure

I assume that the agent is a salient thinker: He updates his beliefs in a
Bayesian way but may use a misspecified statistical model of the world
when doing so. The misspecification is based on how salient highly educated
individuals among the dominated group appear to him. This is my only
deviation from an otherwise standard Bayesian learning model.

More specifically, instead of the model given in expression (1.1), he
updates his beliefs as if the model would be given by

ai = asi + ρ̃siaei , (1.6)

where ρ̃si ̸= ρ. We can interpret ρ̃si in different ways. For example, we can
either think of it as simply a wrong (but persistent) belief or a deviation from
(rational) Bayesian updating. In this paper, I prefer the latter interpretation
and assume that ρ̃si is a distorted version of ρ that depends on a represen-
tativeness parameter, which is specified in more detail below (Definition 1
and Assumption 1). This makes the misspecified model of the world from
expression (1.6) endogenous to other parameters of the model, which is in
contrast to most of the related learning literature where misspecifications
are usually taken to be exogenous.11

Similar to the model of stereotyping by Bordalo et al. (2016) (whose
model is in turn based on the representativeness heuristic due to Kahneman
and Tversky (1972)), I assume that the representativeness of being highly
educated for either of the two social groups is given as follows.

11A very recent exception is Esponda, Oprea, and Yuksel (2023), although they are,
unlike this paper, not interested in long-run learning outcomes.
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Definition 1.1 (Representativeness). The representativeness of an individual
of either social group being highly educated compared to the other social group
is given by

Rsi :=
Pr(ei = e | si)

Pr(ei = e | − si)
=

βsi

β−si

, (1.7)

where −si := {w, b} \ si.

In words, this implies that being highly educated is more representative
for one social group compared to the other the higher the respective likelihood
ratio in expression (1.7) is. Keeping this definition in mind, we can further
specify the relationship between ρ, ρ̃si , and Rsi . Specifically, I assume the
following:

Assumption 1.1 (Representativeness and Salience-Based Weighting). For
all si ∈ {w, b}, we have that: (i) ρ̃si is continuously differentiable and
decreasing in Rsi; (ii) Rsi = 1 ⇒ ρ̃si = ρ; (iii) Rsi < 1 ⇒ ρ̃si > ρ; (iv)
Rsi > 1 ⇒ ρ̃si < ρ.

The idea is that the less representative a high education is for one of the
social groups, the more this trait sticks out—i.e., the more salient it appears
to the agent. Based on this salience, the agent distorts the importance of
education for having generated the observed signal. Such a salience-based
weighting of certain traits is common in the economics literature on salience
(Bordalo, Gennaioli, and Shleifer 2012b, 2013b; Bordalo et al. 2016; Bordalo,
Gennaioli, and Shleifer 2022).

Notice that the misspecification described by expression (1.6) is only
relevant in the periods in which the agent draws a signal produced by an
educated individual. In any other period, when he draws a signal generated
by an uneducated individual, he evaluates this signal using the correct
model.

1.3 Persistent Stereotypes

In this section, I show how my model can help to explain persistently
wrong and overly negative beliefs about the socially dominated group. After
deriving the baseline result, I interpret it in light of how stereotypes in
different domains can interact with each other, and how stereotyping can
be particularly bad if the agent learns mostly from “tokens.”
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1.3.1 Persistent Stereotypes as Long-Run Beliefs

We are interested in the agent’s long-run beliefs about the average value
of the dominated group’s intrinsic productivity, µb. We know that in
each period t, the agent receives a signal drawn from one of two possible
distributions. Specifically, with frequency βb, he receives signals drawn
from N (µb + ρα, 1/λb) which he will interpret as if they were drawn from
N (µb + ρ̃bα, 1/λb). With frequency 1 − βb, instead, he receives signals
drawn from N (µb, 1/λb). Because the agent also observes the type of the
individual who produced the signal, he knows in any given period from
which distribution the signal in that period was drawn. In the case where
he receives a signal from an uneducated member of the socially dominated
group, he can directly incorporate this signal into his posterior. In the
case where he receives a signal from an educated member of the socially
dominated group, he first has to back out the parameter of interest, ab,
before he can incorporate the signal into his posterior.

To derive an explicit expression of the agent’s period-t beliefs, I introduce
some additional notation. Specifically, I denote by St

b,e the set of all signals
that where generated by an educated member of the dominated group
until period t. Analogously, St

b,u denotes the set of all signals generated by
an uneducated member of the dominated group until period t. Finally, I
denote the cardinality of the respective sets by |St

b,e| and |St
b,u|, such that

|St
b,e| + |St

b,u| = t. Standard Bayesian reasoning implies that the agent’s
posterior belief about µb in period t will be given by a normal distribution
with mean

¯̃µt
b :=

|St
b,e|(¯̃sb,e − ρ̃siα)λb + |St

b,u|¯̃sb,uλb + µ̃0
bλ

0
b

|St
b,e|λb + |St

b,u|λb + λ0
b

(1.8)

and variance
1

λ̃t
b

:=
1

|St
b,e|λb + |St

b,u|λb + λ0
b

. (1.9)

Hereby,

¯̃sb,e :=
1

|St
b,e|

∑
stb,e∈S

t
b,e

stb,e (1.10)

is the average of all signals observed at time t that were produced by an
individual of type (b, e). The stb,t in expression (1.10) denotes the specific
productivity observed in period t. Analogously,

¯̃stb,u :=
1

|St
b,u|

∑
stb,u∈S

t
b,u

stb,u (1.11)
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is the average of all signals observed at time t that were produced by an
individual of type (b, u). The stb,u in expression (1.11) denotes the specific
productivity observed in period t.

To apply these observations to stereotyping, and to simplify the following
discussion around it, I formally define how I think of stereotypes in the
remainder of this paper.

Definition 1.2 (Stereotypes). A stereotype about the dominated group’s
intrinsic productivity parameter exists in period t if we have that ¯̃µt

b ̸= µb.
I say that the stereotype is negative if ¯̃µt

b < µb. The stereotype is positive
if ¯̃µt

b > µb. The extent of the stereotype refers to the absolute difference
between beliefs and the truth, | ¯̃µt

b − µb|.

Intuitively, I think of a stereotype as a wrong belief about the dominated
group’s intrinsic productivity, which can be either negative or positive.
Using the specification of the agent’s posterior given in expressions (1.8)
through (1.11) together with Definition 1.2 allows me to state my first result,
which characterizes the agent’s long-run beliefs about the dominated group’s
intrinsic productivity.

Proposition 1.1 (Persistent Stereotypes). Suppose that βb < βw. As t →
∞, the agent’s belief about the average of the dominated group’s intrinsic
productivity parameter converges in distribution to the value

µ̃b := µb − βb(ρ̃bα− ρbα) < µb ∀βb ∈ (0, βw). (1.12)

That is, there is a negative stereotype about the dominated group’s average
productivity.

Proposition 1.1 states that the agent’s belief about average intrinsic
productivity of the socially dominated group will be negatively biased in
the long-run if the share of educated individuals is smaller among the
dominated group than among the dominant group. This is a plausible
assumption for many dominated groups that are subjected to stereotyping
and discrimination—for example, women ins specific domains, or black
Americans more generally (Pew Research Center 2019, 2021). The result
also implies that the belief about the average productivity over all members of
the dominated group—whether they are educated or not—will be negatively
biased.12 A natural interpretation of this result, in line with Definition 1.2

12The overall average belief about the productivity of the dominated group is given by

E[am] = βb(µ̃b + ρ̃bα) + (1− βb)µ̃b,

which, because µ̃b < µb, is smaller than the true population mean.
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above, is that there will be a persistent negative stereotype.
Because Proposition 1.1 provides a closed-form solution for the agent’s

long-run belief, it is possible to provide some comparative statics. I first
consider an increase of the share of educated individuals among the dominant
group, βw.

Corollary 1.1 (Share of Educated Individuals Among Dominant Group.).
The agent’s long run bias increases as the share of educated individuals
among the dominant group, βw, increases.

Corollary 1.1 states that when the share of educated individuals among
the dominant group is higher, this will result in an increase of the extent
of the stereotype against the dominated group. The logic is that being
educated becomes more salient among the dominated group, which leads to
a more biased updating process. Perhaps intuitively, in the real world too, an
increase of educated people among the agent’s own group might contribute
to a perceived superiority, which can amplify the agent’s perception of group
differences.

Similarly, we can investigate the effect of an increase of the share of
educated individuals among the dominated group, βb. The effect of such an
increase is more subtle, however. The reason is that βb enters the agent’s
long-run bias directly, but also indirectly through ρ̃b. Both of these effects
go in opposite directions. The next corollary states this in more detail.

Corollary 1.2 (Share of Educated Individuals Among Dominated Group).
Consider an increase of the share of educated individuals among the domi-
nated group, βb ∈ [0, βw]. Keep all other parameters fixed. There exists a
threshold level β̂b ∈ (0, βw) such that for all βb < β̂b, in the long-run, the
extent of the negative stereotype is increasing in βb. Conversely, for all
βb > β̂b, the extent of the stereotype is decreasing in βb.

Corollary 1.2 states that the direction of the effect of an increase of
the share of educated members of the dominated group depends crucially
on whether this share is low or high to begin with. Specifically, when
the share is relatively low, then an increase will increase the extent of
negative stereotyping the dominated group faces. If the share of educated
individuals is relatively high, however, a further increase will decrease the
extent of negative stereotyping faced by the dominated group. This has
some important real-world implications. For example, it suggests that an
increase in social mobility among marginalized groups can either decrease
or increase stereotyping, depending on how easy it was for them to reach a
high educational attainment to begin with. Another natural interpretation
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is affirmative action. Here, the result suggests that affirmative action can
decrease stereotyping if the share of educated members of the dominated
group is already relatively high, but not if it is very low to begin with. I
will discuss implications in the context of affirmative action in more detail
in section 1.6.

I finish this section with a remark on the difference in persistence of
negative vs. positive initial stereotypes.

Remark 1.1 (Positive vs. Negative Stereotypes). Suppose that βb < βw.
Negative stereotypes are persistent, positive stereotypes are not.

Remark 1.1 states that negative stereotypes are persistent: They will
not converge to the true parameter value—even though an agent’s long run
belief can, in principle, be higher than his prior. At the same time, positive
stereotypes are not persistent: They will converge to a value below the true
value in the long-run. Indeed, overly positive initial beliefs can turn into
negative stereotypes fast, depending on the precision of the agent’s prior
and the signals he receives. As such, my model may help to explain the
casual observation that many stereotypes about dominated groups—such as
ethnic minorities—used in everyday life are negative rather than positive.
This idea is a building block in many social psychological and sociological
theories of inter-group conflict. In this sense, my paper connects more to the
previous research by Heidhues, Kőszegi, and Strack (2023b), who also focus
on overly negative beliefs held by an individual about another social group.
As such, both papers analyze potential drivers of beliefs that can generate
inter-group conflict and discrimination. Another recent paper along this
line is due to Lepage (2021). The crucial difference to my paper is that in
Lepage (2021), overly positive beliefs converge to the truth, whereas in my
model, they turn into negative stereotypes. Glaeser (2005) also focuses on
negative stereotypes. In his model, politicians can supply the population
with hate-inducing stories about minorities, leading to negative stereotypes.
Finally, Hübert and Little (2023), provide a theory in which, due to over-
policing in certain regions, more crime is detected among a disadvantaged
vs. an advantaged social group. Police fails to account for their selective
policing when updating. This leads the police to hold overly negative beliefs
about the disadvantaged group, which induces them to police disadvantaged
individuals even more. Ultimately this results in a particularly vicious
feedback loop, which amplifies negative beliefs over time.

All of the above papers are opposed to more general theories of cognitive
limitations that lead to simplified stereotypes, whether they are positive
or negative. In Bordalo et al. (2016), for example, stereotypes are only
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Finally, Hübert and Little (2023), provide a theory in which, due to over-
policing in certain regions, more crime is detected among a disadvantaged
vs. an advantaged social group. Police fails to account for their selective
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characterized by overly simplified beliefs that blow up true group differences,
but they need not only be negative. As we will see in section 1.4, my model
can, in principle, also account for positive stereotypes—i.e., overly positive
beliefs—about the productivity of a social group. Indeed, only groups who
are socially dominated—in the sense that βb ≤ βw—will be exposed to
negative stereotyping.

1.3.2 On the Interplay Between Stereotypes in Different

Domains

Both Proposition 1.1 and Remark 1.1 require that βb < βw. In this case, the
likelihood ratio defined in expression (1.7) implies that being educated is a
more representative trait for the dominant group than for the dominated
group. As mentioned in the introduction, this assumption is correct for
several group differences in the US (Pew Research Center 2019, 2021). As
a result, education is more salient when observed on a member of the
dominated group and, hence, overweighted in the updating process. This
logic drives the results. It is worth noting, however, that it is not necessary
that there are actually fewer educated people among the dominated group.
Instead, it is sufficient for the agent to believe that this is the case. This hints
at an interesting interplay between two different stereotypes. Suppose that
the agent has a belief about βb, which is given by β̃b < βb. We can interpret
such a belief as a negative stereotype that the dominated group is less
educated than it actually is. With this additional assumption, Proposition 1
implies the following.

Corollary 1.3 (Interplay Between Stereotypes in Different Domains). Suppose
that β̃b < βb. The extent of the negative stereotype is increasing as β̃b

decreases.

Corollary 1.3 implies that a negative stereotype in one domain (e.g.,
education) can increase stereotyping in another domain (e.g., intrinsic pro-
ductivity). This effect is on top of any mechanical effect that a low level of
education already has on the beliefs about the expected average productivity
of a group. This observation is relevant, because it helps to shed light on
another mechanism that helps stereotypes to persist: one stereotype can be
used to arrive at another stereotype and vice versa. I will further highlight
this theme in my discussion around legitimizing myths in section 1.7.
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1.3.3 Tokens

In this section, I apply my results to analyze the effects that tokens can
have on stereotyping. According to the MacMillan dictionary, a token is
“someone who is included in a group to make people believe that the group
is trying to be fair and include all types of people when this is not really
true.” In social psychology, there has long been a debate about the effect of
tokens on stereotyping. Indeed, social psychologists know that tokens can
increase stereotyping through at least two distinct channels: First, they can
increase the salience13 of the marginalized group, making it more easy for
other people to connect them to stereotypes (Sidanius and Pratto 2001).
Second, being a token can lead to a high social pressure to perform, which
can actually lower performance (Word, Zanna, and Cooper 1974). In this
sense, tokenism can lead to self-fulfilling stereotypes. The model I present
in this paper can be used to derive a different, to the best of my knowledge
novel, explanation for how tokens can increase stereotyping.

Typically, tokens still require some high achievement (e.g., high edu-
cational attainment) to obtain their high position. That is, in my model,
tokens are most likely to be highly educated members of the dominated
group. Asking what happens if the agent learns mostly from tokens is
therefore akin to asking what happens if he samples more often from the
pool of educated individuals than their true share in society would suggest.
In my model, we can formalize this by assuming that, while a share βb of
the dominated group is educated, the share of educated individuals in the
agent’s sample is given by β̌b. Then, by the logic described above, if the
agent learns mostly from tokens, this corresponds to an increase in β̌b. The
following corollary of Proposition 1 summarizes the implication.

Corollary 1.4 (Tokens). The extent of the negative stereotype regarding the
dominated group’s intrinsic productivity increases as β̌b increases.

That is, learning mostly from tokens leads to more negative stereotyping.
To put the result’s relevance into perspective, note that many real-world
societies face segregation between the dominated and the dominant group.
Hence, the dominant group will often learn from the few members of the
dominated group that are in some respect similar to themselves—for example,
because they have reached similar positions.14 Notice that for the result to

13Notice that in this context, “salience” refers to the salience of being in the dominated
group, whereas “salience” in my model refers to the salience of a specific individual’s
educational attainment.

14For a more in-depth analysis of the effect that segregation can have on beliefs about
social groups, see Frick, Iijima, and Ishii (2022).
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hold, the members of the dominated group from which the agent samples
need not necessarily be tokens. It is sufficient that his sample is skewed, for
whatever reason, towards educated members of the dominated group.

The result abstracts away from potential positive effects that tokens
can have in the real world. For example, whereas they might increase
stereotyping, they can also provide role models to other members of the
dominated group, ultimately helping them to achieve similar positions and
increasing the share of educated people among the dominated group (see,
e.g., Marx, Ko, and Friedman 2009). In my model, this would lower the
salience of education, and, given that βm would be sufficiently high, lead
to lower stereotypes. Still, previous research suggests that the potential
positive effect on encouraging other members of the dominated group is only
minor (Sidanius and Pratto 2001).

The intuition behind Corollary 4 is straightforward in my model. How-
ever, I want to point out one immediate implication on the relationship
between the sample’s average productivity and the agent’s belief about the
population productivity, which is, perhaps, surprising:

Remark 1.2 (Sample Average and the Extent of Stereotyping). The extent
of the stereotype against the dominated group can increase as the average
productivity of the agent’s sample increases.

This is precisely the case when β̌b increases: In this scenario, the share
of educated individuals among the sample increases which also increases
the average productivity of the sample. At the same time, by Corollary 1.4,
this increases the extent of negative stereotyping, leading to the described
relationship.

1.4 In-Group Bias

So far, I have assumed that the agent, who is a member of the socially
dominant group, perfectly knows the productivity distribution of other
members of his own social group. For various reasons—for example, because
the agent can easily interpret signals he receives about the individuals of
his own social group—this may be plausible. Yet, a central feature of many
theories from social psychology is that individuals tend to overestimate the
quality of individuals with whom they share their social group. This is called
in-group bias. Indeed, my model can also be applied to an agent from the
socially dominant group who learns about the average intrinsic productivity
of the members of his own social group. We can simply assume that he is
uncertain of this average, and that in each period t, he observes a member
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of his own group in addition to the signals he receives about the dominated
group’s productivity. Signals are distributed as described in section 3.2 and
all notation is analogous to that in section 1.3. I simply replace the indices
b with w.

In the case where the agent learns about his own group, a reverse logic
to that discussed in section 1.3 will come into play: Because education is a
representative trait of the dominant group, it is less salient to the agent when
learning about the average productivity of other members of the dominant
group compared to the dominated group. As a result, by Definition 1 and
Assumption 1, he will put less weight on education when evaluating other
members of his own group. This will lead him to develop overly positive
beliefs about the average productivity of the dominant group; an in-group
bias emerges—and persists. The following proposition summarizes this.

Proposition 1.2 (In-Group Bias). Suppose that βb < βw. Then, as t →
∞, the agent’s belief about the average of the dominant group’s intrinsic
productivity parameter converges in distribution to the value

µ̃w := µw − βw(ρ̃wα− ρα) > µw ∀βw ∈ (βb, 1]. (1.13)

That is, there is a positive bias in favor of the socially dominant group.

The intuition behind this result is, in a sense, reverse to that of Propo-
sition 1.1: Education is such a common trait for members of the socially
dominant group that it does not get much attention in the updating process—
i.e., the agent will underaccount for the role of education and, hence, develop
an inflated view about the average productivity of members of the dominant
group. This result is related to an idea from sociology and psychology, where
it is acknowledged that socially dominant groups have privileges that they
do not necessarily recognize (see, e.g., Collins 2018). It is well documented,
for example, that discrimination against black Americans exists in the labor
market, yielding them in a clear disadvantage compared to white Americans
regarding many social and economic outcomes (Bertrand and Mullainathan
2004; for similar evidence from the Czech Republic and Germany, see Bartoš
et al. 2016). Yet, the majority of white Americans do not believe that they
benefit from any such preferential treatment (Pew Research Center 2017).
In my model, because members of the dominant group are privileged to
have a high share of educated individuals among them, they underaccount
for education’s importance and hence develop overly positive views about
their group.

The result can also shed some light on a potential connection between
beliefs about social groups and overconfidence. In the social psychology
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literature, it is often argued that members of a social group reflect traits of
that group onto themselves (e.g., Sidanius and Pratto 2001). An in-group
bias is therefore understood as a means to keep up a positive self-view.
Indeed, in my model, it is possible to assume that the agent has only
imperfect knowledge about his own productivity. In this case, he may
use information about the average productivity of other members of the
dominant group to infer his own productivity. Since the logic of my model
helps the agent to develop an inflated view about the average productivity
of members of the dominant group, it will, in turn, also inflate the view
about his own productivity. The agent will become overconfident.15 Indeed,
recent research provides experimental evidence of this connection between
in-group bias and overconfidence (Flores and Fonseca 2022).

A similar link is analyzed in much more detail in Heidhues, Kőszegi, and
Strack (2023b), although they use a logic that is reverse to mine. In their
model, an overconfident agent learns about both the average productivity
of other members of his social group and the extent to which society dis-
criminates against his social group. Because he is overconfident, he can
only explain the surprisingly low success he has in life if he believes that
discrimination against his group takes place. If discrimination takes place,
any negative life-outcomes of other members of his group are likely to be due
to discrimination, too, which leads him to believe that the average “caliber”
of the other group members is higher than it actually is—i.e., there is an
in-group bias.

1.5 A Second Dominated Group

So far, the model was build around a society comprised of two social groups,
the socially dominated and the socially dominant group. In real-world
societies, however, there are typically more than two social groups. To
account for this, I introduce a second dominated group. For example, one
can think of the two dominated groups as immigrant groups from different
regions of the world. Crucially, however, for simplification, I assume that

15We could come up with a simple formalization where the agent’s prior belief is given
by his belief about the group average, µ̃w. He then receives a signal about his own
productivity according to si ∼ N (ai − ρaei , 1/λi). His posterior is then given by

ãi ∼ N
(
µ̃wλw + siλi

λw + λi
,

1

λw + λi

)
,

where, fixing si, the mean is positively biased compared to the case where the agent
would have correct beliefs about his social group.
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the two groups are disjoint—i.e., a member of the first dominated group
cannot be a member of the second dominated group. This assumption is
plausible if we indeed think of the two groups as being immigrants from
different regions or of a different cohort. It is less plausible if we think of
one of the groups being based on immigration whereas the other is based
on gender. This simplification precludes an analysis around the question of
“intersectionality.” In future work, I plan to relax this assumption.

To facilitate the analysis of a society with two dominated groups, I
introduce some additional notation. The old dominated group will now be
denoted b1, whereas the new dominated group will be denoted b2. As before,
members of either dominated group can be educated or uneducated. This
extends the set of possible types to be given by Θ+ := {b1, b2, w} × {e, u}.

With two dominated groups in the society, we also need to consider the
relative group sizes. The population share of the old dominated group is
denoted by α1. The population share of the new dominated group is denoted
by α2. Correspondingly, the population share of the dominant group is
given by 1− α1 − α2. Additionally, the share of educated members of the
old dominated group will now be denoted by βb1 . The share of educated
members of the new dominated group will be denoted by βb2 . All other
new notation will follow the same pattern of indexation—i.e., the means
and variances of the respective intrinsic productivity distributions will be
denoted µb1 , µb2 , 1/λb1 , 1/λb2 , and so on.

Additionally, the old definition of what determines how representative
education is among a social group—specified in expression (1.7)—needs to
be extended to allow for more than two social groups.16 Specifically, I now
assume that the representativeness of education for either of the dominated
groups is given according to the following definition.

Definition 1.3 (Representativeness with Multiple Dominated Groups). The
representativeness of education for dominated group k compared to the rest
of the population is given by the likelihood ratio

Rbk :=
βbk

1−α1−α2

1−αk
βw +

αh̸=k

1−αk
βbh̸=k

∀k, h ∈ {1, 2}. (1.14)

That is, education is more representative of dominated group k the higher
the likelihood ratio in expression (1.14) is, and vice versa.

The only difference between the new likelihood ratio in expression (1.14)
and the old likelihood ration in expression (1.7) is that, in (1.7), represen-

16And indeed, the following definition can be readily extended to the case with even
more groups.
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tativeness was determined only by a comparison of the share of educated
members of the single dominated group and the share of educated members
of the dominant group. Now, instead, it is determined by a comparison
of the share of educated members of one of the dominated groups and the
average of the share of educated members of the dominant group and the
other dominated group.17 This specification can reflect that, when one
dominated group has a low share of educated individuals, the relative share
of educated individuals in the other dominated group compared to all other
groups increases and, hence, education becomes a less salient feature among
that group.

Suppose that the share of educated individuals among the new dominated
group is lower than among the dominant group—i.e., βb2 < βw. This
decreases the average share of educated individuals in the overall population
compared to the case without the new dominated group. As a result, the
low share of educated individuals among the old dominated group is less
salient. Hence, it will be weighted less in the updating process than in the
case with only two social groups. This implies that stereotyping against the
old dominated group decreases. The following proposition summarizes this.

Proposition 1.3 (A New Dominated Group). Suppose that βbk < βw ∀k ∈
{1, 2}. As t → ∞, the agent’s belief about the average of dominated group
k’s intrinsic productivity parameter converges in distribution to the value

µ̃bk := µbk − βbk(ρ̃bkα− ρbkα) < µbk ∀βbk ∈ (0, βw). (1.15)

(i) We have that µ̃b1 ∈ (µ̃b, µb)—i.e., the extent of the negative stereotype
against the old dominated group is lower than in the case without the new
dominated group. (ii) Suppose that µb1 = µb2 and λb1 = λb2. We have that
µ̃b1 > µ̃b2 if and only if βb1 > βb2 and vice versa.

Let us put the result into perspective with the help of some empirical
patterns. Proposition 1.3 states that when a new dominated group enters
the society, this decreases the extent of stereotyping against the old dom-
inated group (part (i)). This is in line with empirical observations. For
example, Fouka, Mazumder, and Tabellini (2022) show that the migration
of black Americans into the northern part of the United States reduced the

17This is of course not the only way one could formalize the representativeness of
education in this case. For example, one could argue that the dominant group compares
the dominated groups only to itself and not to both itself and the other dominated group.
However, the specification I suggest captures the empirical pattern that the introduction
of an even more distant option reduces the perceived distance between some baseline and
a less different option.
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stereotyping against Irish and Italian immigrants that was previously strong.
Instead, stereotyping concentrated around black Americans afterwards. In
my model, this is the case if the share of educated individuals among the
new dominated group is smaller than among the old dominated group (part
(ii) of Proposition 1.3). Indeed, the logic for which Fouka, Mazumder, and
Tabellini (2022) argue is similar to the one I explore: The introduction of
black Americans into previously whiter areas increased the perceived simi-
larity between long-time residents and the older immigrants, reducing the
extent of stereotyping they faced. This logic is one possible interpretation
of the formalization of representativeness in expression (1.14).

1.6 Affirmative Action

We remain in the framework with two dominated groups, as introduced
in section 1.5. In this section, I look at the effect of an affirmative action
policy. Specifically, I consider a policy that increases the share of educated
individuals among the old dominated group, while it leaves the share of
educated individuals among both other groups unaffected.18 We could
interpret the policy as a (successful) attempt to provide better education
specifically aimed at the old dominated group (or, equivalently, aimed at both
dominated groups but only successful for the first—e.g., due to asymmetric
language or cultural barriers).19

Looking at expression (1.14), it is easy to see that such a policy will make
education a more representative trait of the old dominated group vis-a-vis
both other groups. At the same time, it makes education a less representative
trait among the new dominated group. In my framework, this implies that
the impact of education may be more or less over- or underweighted when
updating about the old dominated group’s productivity compared to the
case without affirmative action, based on how high the share of educated
people among the old dominated group was to begin with—this follows
from Corollary 2. At the same time, it implies that the impact of education
will always be more overweighted when updating about the new dominated

18One may argue that an increase in the share of educated individuals for one group
may go hand in hand with a decrease in the share of educated individuals for the other
groups. I abstract away from this for simplicity.The results would be qualitatively
unchanged from the ones stated in this section.

19I analyze this extreme case where the new dominated group’s share of educated
people is not affected by the affirmative action policy at all for clarity. The results carry
over to the more general case, however, as long as the new dominated group is affected
less than the old dominated group (or vice versa).
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group’s productivity compared to the case without affirmative action. This
is because for the new dominated group, the increase of βb1 affects only the
representativeness of educated members of their group, while leaving the
share of educated individuals of their group from which the dominant group
learns unaffected. The following two propositions summarize the effects.
The first proposition holds also for the model with only one dominated
group.

Proposition 1.4 (Affirmative Action and the Old Dominated Group). Suppose
that a policy maker implements an affirmative action policy that increases βb1

while it leaves all other shares unaffected. Then, as t → ∞, the agent’s belief
about the average of old dominated group’s intrinsic productivity parameter
converges in distribution to some value µ̃aa

b1
, about which we can say the

following

1. Suppose the original share of educated individuals is relatively low,
βb1 < β̂b1.

a) If the increase of βb1 is sufficiently small, the long-run belief µ̃aa
b1

is more negatively biased compared to the case without affirmative
action.

b) If the increase of βb1 is sufficiently large, the long-run belief µ̃aa
b1

is less negatively biased compared to the case without affirmative
action.

2. Suppose the original share of educated individuals is relatively high,
βb1 > β̂b1. Then, the long-run belief µ̃aa

b1
is less negatively biased

compared to the case without affirmative action.

Proposition 1.5 (Unintended Consequences of Affirmative Action for the
New Dominated Group). Again, suppose that a policy maker implements an
affirmative action policy that increases βb1 while it leaves all other shares
unaffected. Then, as t → ∞, the agent’s belief about the average of the new
dominated group’s intrinsic productivity parameter converges in distribu-
tion to some value µ̃aa

b2
. This value is lower compared to the case without

affirmative action.

Proposition 1.4 and Proposition 1.5 together imply that while an affirma-
tive action policy targeted at one dominated group can improve that group’s
standing in society, it can harm the standing of another dominated group.
With this result, I contribute to the literature that discusses the effects of
affirmative action and, in particular, its unintended consequences (see, e.g.,
Coate and Loury 1993, Fryer Jr and Loury 2005, or Fershtman and Pavan
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2021). The result highlights how acknowledging the co-existence of multiple
dominated groups can be important to evaluate the overall benefits of an
affirmative action policy in a specific context. Such spillovers have, to the
best of my knowledge, not been analyzed previously.

Additionally, affirmative action can also decrease the in-group bias if the
agent learns also about his own group. The next remark summarizes this.

Remark 1.3 (Affirmative Action and In-Group Bias). Suppose that the agent
also learns about the average productivity of his own group and that there is
an affirmative action policy targeting either one or both of the dominated
groups. His in-group bias will be lower than in the case without affirmative
action.

Importantly, Remark 1.3 implies that while an affirmative action policy
may have the unintended consequence of increasing stereotyping against
the dominated group that was not targeted, it can have the (potentially)
positive effect of debiasing the agent’s view about his own group. This effect
can—for example, in the labor market—help either of the dominated groups.

1.7 Legitimizing Myths

In this section, I first discuss the previous results in light of the concept of
legitimizing myths. I further provide a formal extension of the model used
in the previous sections to highlight the main points of the discussion. This
helps to understand how taste-based, statistical, and inaccurate statistical
discrimination can be intergenerationally related.

1.7.1 Discussion

In the previous sections, I have discussed how a salience-based learning
model can lead to negative stereotypes about a dominated group and, beyond
this, explain several stylized facts and make new predictions. In this section,
I want to discuss these results in light of the concept of legitimizing myths
(see Sidanius and Pratto 2001). Legitimizing myths are, roughly speaking,
commonly held beliefs that help to justify a specific social order—e.g.,
discrimination based on race or gender.

One crucial assumption of the model is that the share of educated in-
dividuals among the dominated group is lower than among the dominant
group, or that the agent at least thinks that this is the case. This creates
the salience effects, which drive the results in this paper. More specifically,
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members from the dominant group overestimate their group’s average intrin-
sic productivity, whereas they underestimate the dominated group’s average
intrinsic productivity.

In this sense, my paper is only about beliefs, rather than discriminatory
actions. However, we can discuss the results while keeping more active
forms of discrimination in mind; in principle, the agent might be opposed to
discrimination based on taste. But the overly negative beliefs he develops
about the dominated group can help him to justify why discrimination takes
place and, hence, provides an argument to him why discrimination is fair
or justified. For example, the agent might be aware that it is harder for
specific groups to be admitted to a university and, hence, receive a high
level of education. However, given his negative beliefs, he can justify this,
and, if one would extend the model to allow for actions, might participate
in discrimination himself.

A similar argument can be used to make a connection between historic
discrimination and present day stereotypes. Indeed, we can interpret the
model as suggesting that historic discrimination may be a reason for present
day stereotyping. Intuitively, historic discrimination is one of the reasons
why some groups are underrepresented in schools, universities, and presti-
gious jobs, or otherwise have worse life-outcomes (see, e.g., Rubio 2022).
This under-representation, in my model, leads to a salient trait when cor-
responding individuals are sampled and, hence, is the root of the negative
stereotype. Following the above logic, this provides the agent with a reason
to uphold discrimination. Discrimination is, hence, a vicious cycle that
creates negative stereotypes, which create discrimination, which creates
negative stereotypes, and so on.

1.7.2 Extension

I now provide a simple formal argument of the interplay between stereotypes
and discrimination highlighted in the discussion above. Again, the model
has stayed silent about the precise reasons for why we would expect a low
share of members of the dominated group among the educated people, even
though I have previously hinted at some possible explanations: Assume that
members of the dominant group are capable of deciding which other person
will become educated—for example, because they are on the admission
committee of a university or school. Then, if these people are negatively
biased against the dominated group, they will be less likely to select a
member from the dominated group. This, then, leads to a lower share of the
dominated group among the highly educated and, hence, implies that beliefs
among future generations will be negatively biased against the dominated
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group, too. While analyzing actions is not the main purpose of my paper,
in this section, I present a simple model with overlapping generations to
illustrate the above-described dynamic.

Suppose that each member of a continuum of the dominant group lives
for three periods. In the first period, they are an observer, and learn about
the average productivity of the dominated group according to the rules
laid out so far in the paper—i.e., their belief at the end of period 1 is
given by expression (1.12). In the second period, they become selectors
and observe two additional signals: one about the intrinsic productivity
of a randomly drawn member of the dominated group and one about the
intrinsic productivity of a randomly drawn member of the dominant group.
We can think of these two individuals as applicants to a university. The
selector selects one of the two applicants to admit them to university in the
third period of his life (afterwards he dies). During the third period of his
life, a new generation is born and starts their life as observers. They observe
the dominated group based on how the previous generation of the dominant
group sorted them into educated and uneducated. Afterwards they become
selectors themselves, and so on. Each generation of selectors is naive: They
ignore how the individuals they observe have been sorted into the ordinary
and exceptional groups.20 An individual generation is denoted τ = 1, 2, 3, ....

The dominated applicant and the dominant applicant generate the signals

sb = ab + ϵb, and sw = aw + ϵw, (1.16)

respectively. Hereby, the distribution of both ϵb and ϵw is the same,
ϵb, ϵw ∼ N (0, 1/λ). Because both ab and aw are random variables, from
the perspective of the selector, the signals are distributed according to
sb ∼ N (µ̃b, 1/λ+ 1/λb) and sw ∼ N (µw, 1/λ+ 1/λw). After receiving the
signals, they form a posterior belief about a specific individual. Let the
posterior means of each individual’s productivity be denoted by ãb and ãw,
respectively.

I allow for taste-based discrimination of the dominant group against
the dominated group, captured by the discrimination parameter d ∈ R+.
Specifically, I assume that the selector selects a member of the dominated
group over a member of the dominant group if and only if

ãb − d > ãw.

20The case where the dominant group is not naive and can take into account the
sorting is, in principle, captured by the generalization in subsection 1.A.2. However, this
generalization does not allow for a closed-form solution, which is important to derive the
comparative statics this section is built around.
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Before I state any results related to the above extension, the following
definition regarding the term inaccurate statistical discrimination is useful:

Definition 1.4 (Inaccurate Statistical Discrimination). In any period τ =
1, 2, 3, ..., there is inaccurate statistical discrimination if for an arbitrary
member of the dominated group with intrinsic productivity aib, the belief µ̃τ

b

is such that the probability of being selected over an arbitrary member of the
dominant group with the same intrinsic productivity, ajw = aib, is lower than
if the belief would be correct, µ̃τ

b = µb.

Therefore, a sufficient condition for inaccurate statistical discrimination
to occur in generation τ is that there is a negative stereotype against the
dominated group, µ̃τ

b < µb, whereby µ̃b denotes generation τ ’s belief about
the dominated group’s mean intrinsic productivity. With this in mind, I can
state my next result.

Proposition 1.6 (Stereotypes and Inaccurate Statistical Discrimination).
A sufficient condition for there to be negative stereotyping (and therefore
inaccurate statistical discrimination) against members of the dominated group
in any generation τ = 2, 3, ... is that the first generation of the dominant
group hires more members of the dominant group than of the dominated
group.

Proposition 1.6 states that if the first generation of the dominant group
selects less members of the dominated group than of the dominant group,
there will be both stereotyping and inaccurate statistical discrimination
against the dominated group in any subsequent generation. The proposition
stays silent about the reasons why the first generation may have such a
bias in selecting. Possibilities are that the first generation participates in
taste-based discrimination, accurate statistical discrimination, or already in
inaccurate statistical discrimination. The next proposition investigates the
inter-generational relationship between these different forms of discrimina-
tion.

Proposition 1.7 (Statistical, Taste-Based, and Inaccurate Statistical Dis-
crimination). Suppose that in the first generation, τ = 1, the members
of the dominated group are either subjected to taste-based discrimination
(d > 0) or accurate statistical discrimination (µ̃τ=1

b = µb < µw). Then, any
subsequent generation of the dominant group will hold a negative stereo-
type against the dominated group (and therefore participate in inaccurate
statistical discrimination).
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Proposition 1.7 makes a novel connection between the two classical
forms of discrimination considered in the economics literature (taste-based
and statistical discrimination) and the more recently considered type of
discrimination, inaccurate statistical discrimination, which is the focus of
this paper. In my model, inaccurate statistical discrimination emerges
because the socially dominated group is underrepresented among the group
of educated people. As Proposition 7 shows, it does not matter why they
are underrepresented; the reasons for the underrepresentation may very well
be taste-based or statistical discrimination. However, in my model, any such
classical form of discrimination will, through its negative effect on the share
of the dominated group among the educated, lead to inaccurate statistical
discrimination against the dominated group by any subsequent generation
of the dominant group. In this sense, this simple extension of my main
model illustrates how historic discrimination, can lead to stereotyping in
present periods, which, in turn, helps to uphold the discriminatory systems
established in the past. Discrimination and stereotyping, hence create a
vicious cycle, or a feedback loop, that is hard to interrupt.

1.8 Related Literature

In this paper, I have provided an argument for how biased beliefs about
social groups can emerge and persist, and lead to discrimination. Individuals
are subject to a biased learning rule that is based on how salient education
appears among a given social group. The paper is therefore mainly related
to three strands of literature, (i) discrimination, (ii) biased learning, and
(iii) salience effects.

Discrimination. As discussed briefly in the introduction, the economics
literature on discrimination can roughly be separated in statistical discrimi-
nation (see, e.g., Phelps 1972; Arrow 1973; Aigner and Cain 1977; Morgan
and Várdy 2009) and taste-based discrimination (see, e.g., Becker 1957;
Prendergast and Topel 1996; Lagerlöf 2020; Pikulina and Ferreira 2023).
More recently, however, a third type of discrimination has been getting
more attention, inaccurate statistical discrimination (Bordalo et al. 2016;
Sarsons 2017; Bohren et al. 2019; Mengel and Campos Mercade 2021; Bar-
ron et al. 2022; Heidhues, Kőszegi, and Strack 2023b; Bohren, Imas, and
Rosenberg 2019; Sarsons et al. 2021; Siniscalchi and Veronesi 2021). This
literature deviates from the earlier economics literature in that it posits that
discrimination can be based on incorrect beliefs.
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Before I state any results related to the above extension, the following
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b

is such that the probability of being selected over an arbitrary member of the
dominant group with the same intrinsic productivity, ajw = aib, is lower than
if the belief would be correct, µ̃τ

b = µb.
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(d > 0) or accurate statistical discrimination (µ̃τ=1

b = µb < µw). Then, any
subsequent generation of the dominant group will hold a negative stereo-
type against the dominated group (and therefore participate in inaccurate
statistical discrimination).
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This idea relates the respective literature to the corresponding social
psychology literature. Here, advocates of the social-cognitive approach to
stereotyping (see Allport, Clark, and Pettigrew 1954), have argued that
stereotypes are the result of, in principle, innocuous but overly-simplified
and thereby incorrect information processing rules. Hamilton and Gifford
(1976), for example, provide evidence that people stereotype others because
they learn in an associative way—i.e., they link unusually negative traits
and relatively unusual people (e.g., minorities) together. Similarly, Levine
and Campbell (1972) argue that when groups are overrepresented among
certain roles in society, people tend to erroneously believe that all members
of the group take on that specific role. In a sense, the Bordalo et al. (2016)
model of stereotyping follows a similar logic in that the frequency with which
members of a group take on roles among which they are overrepresented are
overestimated when a person recalls the distribution of types. Snyder and
Uranowitz (1978) provide evidence on how biased recall of information can
affect stereotyping. It is natural to conjecture that if present stereotyping
leads individuals to recall certain information, this recalled information will
also be incorporated in the individuals’ posteriors about the stereotyped
group, and therefore learning will occur in a biased way.

Biased Learning. Overall, the above mentioned references suggest that
stereotyping is due to biased (or otherwise incorrect) processing of the
information individuals receive about others. This is true in my model as
well. As such, the paper is also related to the literature on biased learning.
Typically, papers in this literature assume that individuals receive biased
signals but do not take the bias into account when updating. Some research
is further complicated by modeling agents who can influence the signals
they receive through their actions. See, for example, Esponda and Pouzo
(2016), Fudenberg, Romanyuk, and Strack (2017), Heidhues, Kőszegi, and
Strack (2021), or Heidhues, Kőszegi, and Strack (2023a). To consider a
more concrete example, Heidhues, Kőszegi, and Strack (2018), model an
overconfident agent who manages a team and does not know the other team
members’ abilities. Due to his overconfidence, the surprisingly low output
he observes is misattributed to the abilities of his team members. The
abilities of his team members are therefore underestimated by the agent.
As a response, he takes on more control of the team, further worsening
its performance and leading him away from learning the true value of the
fundamental. Such models have also been applied to stereotyping. Hübert
and Little (2023), for example, provide a model in which police officers police
members of one subpopulation inefficiently much. As a result, they detect
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more crime among that group, leading them to believe that members of this
group are more criminal than others. This leads to even more policing and
the beliefs grow increasingly negative. Other models21 of biased learning do
not necessarily consider actions—for example, Bohren and Hauser (2021),
Bohren (2016),22 Schwartzstein (2014), Fryer Jr and Jackson (2008), or
Fryer Jr, Harms, and Jackson (2019). Such models, too have been applied to
stereotyping. Heidhues, Kőszegi, and Strack (2023b), for example, show how
overconfidence together with uncertainty about the extent and direction of
discrimination can lead individuals to underestimate other groups average
productivity while overestimating their own. These results are similar to
the ones obtained in my paper. While I do not allow the agent to affect
the signals he receives through his own actions, the main contribution of
my paper from the perspective of the biased learning literature is that I
endogenize the bias, which allows to explain several stylized facts in one
unified framework.

Salience Effects. More precisely, I endogenize the bias based on a salience
function. The paper is therefore also related to the literature on salience
effects. See, for example, Bordalo, Gennaioli, and Shleifer (2012b), Bordalo,
Gennaioli, and Shleifer (2012a), Bordalo, Gennaioli, and Shleifer (2013b),
Bordalo, Gennaioli, and Shleifer (2013a), or Dertwinkel-Kalt and Köster
(2020). In my model, most importantly, this implies that learning is poten-
tially biased and the direction of the bias, as well as the frequency with which
it occurs, is context dependent. While some parameter may be overweight
in the evaluation of one group, it can be underweight in the evaluation of
another; and indeed, there is experimental evidence that depending on the
context, salience effects can lead an agent to either under- or overvalue rele-
vant traits (Bushong, Rabin, and Schwartzstein 2021). Overall this logic is
analogous to the other papers on salience effects. The main difference is that
most of these papers are interested in how salience affects economic choice,
whereas in my paper, salience affects the processing of information. In the
end, however, as outlined in section 1.7, any biased belief will ultimately
also affect people’s actions. Hence, my model can also be interpreted as
one where an agent’s actions are affected through salience—even though it
requires the intermediate step of forming biased beliefs.

21And others are general enough to capture both classes of model-misspecification—e.g.,
Frick, Iijima, and Ishii (2023).

22In this paper, learning depends on other people’s actions but not on those of the
agent.
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1.9 Conclusion

The paper has shown how incorporating a salience-based updating rule into
a normal Bayesian learning model can account for several stylized facts
and make additional predictions about the nature of stereotyping. As such,
the model can provide a unified account for several patterns that have not
previously been connected in the same sense. Yet, the model makes several
simplifying assumptions, some of which I relax in subsection 1.A.2, where I
consider more general productivity distributions. Other simplifications, I
plan to relax in ongoing work. For example, I only allow for the coexistence
of several dominated groups that do not overlap. In reality, however, it is well
possible for an individual to be marginalized through different dimensions—
e.g., through both race and gender. Incorporating this could lead to further,
economically interesting results.

Another potentially interesting extension is regarding the question how
stereotypes can interact with people’s beliefs in discrimination. Suppose the
agent wants to learn the reason for why the share of educated individuals
among the dominated group is lower than among the dominant group.
Suppose further that the agent entertains two possible explanations: a
lower intrinsic productivity vs. historic discrimination. Suppose that the
true reason is historic discrimination. The question is now whether he
can correctly learn that the low share of educated individuals is due to
discrimination. Intuitively, because of his biased learning, his belief about
the average intrinsic productivity becomes more and more negatively biased
and, hence, over time, the agent believes less and less that discrimination
is a decisive factor. Hence, over time, generally, he comes to believe less
and less in discrimination, which is in line with empirical patterns. For
example, whereas 11 percent of white Americans belief that there is no
racism against black people in the US, only 3 percent of black Americans
agree (Pew Research Center 2022). These numbers clearly suggest bias in
the evaluation of the extent of discrimination against black people in the
US.

1.A Appendix

1.A.1 Proofs

Proof of Proposition 1.1

We have a misspecified learning model. We know from Berk (1966) that, as
t → ∞, the agent’s long-run beliefs will concentrate on the set of minimizers
of the Kullback-Leibler divergence between the true statistical model of the
world and the agent’s misspecified one. In my model, the agent does not
sample from only one distribution but rather from two. The distribution
from which he samples depends on whether he is sampling an educated or
an uneducated member of dominated group. In this case, we can write the
Kullback-Leibler divergence as the weighted sum—weighted based on how
often the agent samples from each of the two distributions relative to the
other—of the Kullback-Leibler divergences of the two different distributions.
To proceed, I introduce some additional notation. Let us call the conditional
distribution of productivity for an educated member of the dominated
group Gb,e. Similarly, denote the conditional productivity distribution of an
uneducated member of the dominated group Gb,u. I denote the distributions’
probability density functions by gb,e and gb,u, respectively. The CDF and
PDF of what the agent believes the signals of educated members of the
dominated group to be drawn are denoted G̃b,e and g̃b,e, respectively. All
parameters of the misspecified distribution will be denoted by a “tilde”
as well. All of these distributions, including the misspecified ones, are
normal. Furthermore, notice that the Kullback-Leibler divergence between
two normal distributions ho ∼ N (µ0, σ

2
0) and h1 ∼ N (µ1, σ

2
1) is given by23

D(h0 || h1) =
1

2

[
σ2
0

σ2
1

+
(µ1 − µ0)

2

σ2
1

− 1 + ln
σ2
1

σ2
0

]
.

23See, for example, https://en.wikipedia.org/wiki/Normal distribution.
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Applying this to our problem, we know that we need to find the minimizer
µ̃m over µ∗

m of

D((1−βb)gb,u + βbgb,e || (1− βb)gb,u + βbg̃b,e)

=
(1− βb)

2

[
σ2
b,u

σ2
b,u
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2

σ2
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]

+
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.

We can rewrite this term by replacing the variances with the inverses of the
corresponding precision parameters. This yields

D((1− βb)gb,u+βbgb,e || (1− βb)gb,u + βbg̃b,e)

=
(1− βb)

2
λb(µ

∗
b − µb)

2

+
βb

2

[
λb

λb

+ λb(µ
∗
b + ρ̃bα− µb − ρα)2 − 1 + ln

λb

λb

]

=
(1− βb)

2
λb(µ

∗
b − µb)

2 +
βb

2

[
λb(µ

∗
b + ρ̃bα− µb − ρα)2

]
.

To minimize this expression, we take the derivative with respect to µ∗
b and

set it equal to zero. That is, the first order condition is:

∂D(· || ·)
∂µ∗

b

= 0 ⇔ (1− βb)λb(µ
∗
b − µb) + βbλb(µ

∗
b + ρ̃bα− µb − ρα) = 0

⇔ λb(µ
∗
b − µb) + βbλm(ρ̃bα− ρα) = 0

Solving this for µ∗
b yields

µ∗
b := µ̃b =

λbµb − βbλb(ρ̃bα− ρα)

λb

= µb − βb(ρ̃bα− ρα),

which is equivalent to expression (1.12) as stated in Proposition 1. Similarly,
we have that µ̃b < µb because βb(ρ̃bα − ρbα) > 0—which is because, for
βb < βw, we have that ρ̃b > ρb. Hence, we only need to show that the
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solution is indeed a minimum. We get the second order derivative by taking
the second derivative of the respective term. This yields

∂2D(· || ·)
∂µ∗2

b

= λb > 0.

The Kullback-Leibler divergence is therefore strictly convex and, hence, we
have indeed found a minimum. □

Proof of Corollary 1.1

We are interested in the effect on an increase of the share of educated
members of the dominant group on the long-run beliefs in expression (1.12).
It suffices to show that

dµ̃b

dβw

= −βbα
∂ρ̃b
∂βw

< 0.

This is indeed the case because, by Definition 1 together with Assumption
1, we have that ∂ρ̃b/∂βw > 0. □

Proof of Corollary 1.2

Consider expression (1.12). We want to show that there exists a non-empty
set of values of βb such that marginally below any value in that set, µ̃b is
increasing in βw, whereas marginally above any such value, the opposite is
true.24 This statement follows from the combination of several observations.
First, let us consider the extreme cases—i.e., the lowest and highest values
that βb can take on—and evaluate the agent’s long-run bias at these values.
The lowest possible value is βb = 0. If we evaluate µ̃b at this point, we can
see that it is equal to µb—i.e., the long-run belief is unbiased in this case.
This is because in this scenario, the agent samples only from the distribution
he evaluates in an unbiased way. The highest possible value is βb = βw.
In this case, too, we have that the long-run belief is unbiased, µ̃b = µb.
This is because in this case, the exceptional trait is neither particularly
representative of the dominant group or the dominated group and, hence,
any signal is evaluated in an unbiased way. By Proposition 1, we know
that for any value βb ∈ (0, βw), the long-run belief will be negatively biased.
Together with continuity, this implies that there must be points on (0, βw)

24This is because Assumption 1 which specifies the salience-based weighting of educa-
tion in the updating process is quite general. If we would assume a specific functional
form, we could simply take the derivative.
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=
(1− βb)

2
λb(µ

∗
b − µb)

2

+
βb

2

[
λb

λb

+ λb(µ
∗
b + ρ̃bα− µb − ρα)2 − 1 + ln

λb

λb

]

=
(1− βb)

2
λb(µ

∗
b − µb)
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βb

2

[
λb(µ

∗
b + ρ̃bα− µb − ρα)2

]
.

To minimize this expression, we take the derivative with respect to µ∗
b and

set it equal to zero. That is, the first order condition is:

∂D(· || ·)
∂µ∗

b

= 0 ⇔ (1− βb)λb(µ
∗
b − µb) + βbλb(µ

∗
b + ρ̃bα− µb − ρα) = 0

⇔ λb(µ
∗
b − µb) + βbλm(ρ̃bα− ρα) = 0

Solving this for µ∗
b yields

µ∗
b := µ̃b =

λbµb − βbλb(ρ̃bα− ρα)

λb

= µb − βb(ρ̃bα− ρα),

which is equivalent to expression (1.12) as stated in Proposition 1. Similarly,
we have that µ̃b < µb because βb(ρ̃bα − ρbα) > 0—which is because, for
βb < βw, we have that ρ̃b > ρb. Hence, we only need to show that the
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solution is indeed a minimum. We get the second order derivative by taking
the second derivative of the respective term. This yields

∂2D(· || ·)
∂µ∗2

b

= λb > 0.

The Kullback-Leibler divergence is therefore strictly convex and, hence, we
have indeed found a minimum. □

Proof of Corollary 1.1

We are interested in the effect on an increase of the share of educated
members of the dominant group on the long-run beliefs in expression (1.12).
It suffices to show that

dµ̃b

dβw

= −βbα
∂ρ̃b
∂βw

< 0.

This is indeed the case because, by Definition 1 together with Assumption
1, we have that ∂ρ̃b/∂βw > 0. □

Proof of Corollary 1.2

Consider expression (1.12). We want to show that there exists a non-empty
set of values of βb such that marginally below any value in that set, µ̃b is
increasing in βw, whereas marginally above any such value, the opposite is
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The lowest possible value is βb = 0. If we evaluate µ̃b at this point, we can
see that it is equal to µb—i.e., the long-run belief is unbiased in this case.
This is because in this scenario, the agent samples only from the distribution
he evaluates in an unbiased way. The highest possible value is βb = βw.
In this case, too, we have that the long-run belief is unbiased, µ̃b = µb.
This is because in this case, the exceptional trait is neither particularly
representative of the dominant group or the dominated group and, hence,
any signal is evaluated in an unbiased way. By Proposition 1, we know
that for any value βb ∈ (0, βw), the long-run belief will be negatively biased.
Together with continuity, this implies that there must be points on (0, βw)

24This is because Assumption 1 which specifies the salience-based weighting of educa-
tion in the updating process is quite general. If we would assume a specific functional
form, we could simply take the derivative.
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for which µ̃b is either decreasing, increasing, or unaffected by a change in βb.
Denote the set of the points βb for which dµ̃b/dβb = 0 by A.

we want to establish that there is only one point on (0, βw) for which
dµ̃b/dβb = 0—i.e., that A is a singleton. We can do this by taking the total
derivative of µ̃b with respect to βb and setting it equal to zero,

dµ̃b

dβb

=
∂µ̃b

∂ρ̃b

dρ̃b
dβb︸ ︷︷ ︸

indirect effect

+
∂µ̃b

∂βb

dβb

dβb︸ ︷︷ ︸
direct effect

= 0. (1.17)

Any point βb in A must satisfy condition (1.17). By explicitly looking at
the different derivatives in the expression, we can see that the indirect effect
is given by

∂µ̃b

∂ρ̃b

dρ̃b
dβb

= −βbα︸ ︷︷ ︸
<0

dρ̃b
dβb︸︷︷︸
<0

> 0,

whereas the direct effect is given

∂µ̃b

∂βb

dβb

dβb

= − (ρ̃bα− ρα)︸ ︷︷ ︸
>0

< 0.

This means that both the indirect and the direct effect of βb on µ̃b are
monotonic and go in opposing directions. This implies that there is at
most one point satisfying the condition that (1.17) is equal to zero. Indeed,
because we know from the previous step of this proof that the set A is
non-empty, this implies that it is a singleton.

Taken together, the twp steps of the proof imply that the indirect and
the direct effect of an increase of βb on µ̃b have the same strength at exactly
one point on (0, βw). This point is the threshold given in the corollary, β̂b.
□

Proof of Remark 1.1

Follows immediately from observing that the prior, as in standard Bayesian
inference problems, does not play a role for the long-run belief. □

Proof of Corollary 1.3

Suppose that the agent samples from ordinary and exceptional members
of the dominated group according to their true shares—i.e., according to
βb. However, he believes that the share of exceptional people among the
dominated group is given by β̃b < βb. Then, this affects the expression in
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(1.12) only through an increase in ρ̃b. This follows from Definition 1 together
with Assumption 1. Specifically, we have

∂

∂ρ̃b
[µb − βb(ρ̃bα− ρα)] < 0, (1.18)

which implies that the effect of an increase of ρ̃b is an increase of the extent
of the negative stereotype. □

Proof of Corollary 1.4

Notice that in the scenario described in Corollary 4, the true share of
educated people among the dominated group does not change—i.e., βb is
fixed—while the share of educated people among the subset of the dominated
group from which the agent samples increases from βb to β̌b. This implies
that, in expression (1.12), ρ̃b is fixed, whereas βb increases. Again, we can
then see that

∂µ̃b

∂βb

= −(ρ̃bα− ρα) < 0,

because ρ̃b > ρ. This means that an increase in βb leads to a decrease of
µ̃b—i.e., the extent of the negative stereotype increases. □

Proof of Proposition 1.2

The proof of Proposition 2 is analogous to that of Proposition 1. We simply
have to replace βb, µb, and λb in expression (1.12) with the respective terms
for the dominant group to obtain

µ̃w = µw − βw(ρ̃wα− ρα).

We know that µ̃w > µw because when βw > βb—which is the case discussed
in the proposition—we have that ρ̃w < ρ. □

Proof of Proposition 1.3

If we have that βb2 < βw, the average share of exceptional individuals over
all groups is lowered through the entry of the second dominated group. By
Definition 2, this makes education more representative of the old dominated
group than it was before the new dominated group entered the society.
Then the effect of the entry of the new dominated group simply corresponds
to a decrease of ρ̃b1 as compared to ρ̃b in expression (1.12), which implies
that the long-run belief µ̃b1 must be higher than the long-run belief about
the corresponding group’s average intrinsic productivity parameter before
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□
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Follows immediately from observing that the prior, as in standard Bayesian
inference problems, does not play a role for the long-run belief. □

Proof of Corollary 1.3

Suppose that the agent samples from ordinary and exceptional members
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(1.12) only through an increase in ρ̃b. This follows from Definition 1 together
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which implies that the effect of an increase of ρ̃b is an increase of the extent
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Notice that in the scenario described in Corollary 4, the true share of
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fixed—while the share of educated people among the subset of the dominated
group from which the agent samples increases from βb to β̌b. This implies
that, in expression (1.12), ρ̃b is fixed, whereas βb increases. Again, we can
then see that
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because ρ̃b > ρ. This means that an increase in βb leads to a decrease of
µ̃b—i.e., the extent of the negative stereotype increases. □

Proof of Proposition 1.2
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have to replace βb, µb, and λb in expression (1.12) with the respective terms
for the dominant group to obtain
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We know that µ̃w > µw because when βw > βb—which is the case discussed
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Proof of Proposition 1.3

If we have that βb2 < βw, the average share of exceptional individuals over
all groups is lowered through the entry of the second dominated group. By
Definition 2, this makes education more representative of the old dominated
group than it was before the new dominated group entered the society.
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that the long-run belief µ̃b1 must be higher than the long-run belief about
the corresponding group’s average intrinsic productivity parameter before
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the new dominated group entered entered, µ̃b. This proofs part (i) of the
proposition. Part (ii) follows because we know that if βb1 > βb2 , then
ρ̃b1 < ρ̃b2 , and hence learning will be more biased when the agent learns
about the new dominated group. Hence, the extent of the stereotype will be
larger for that group. In the case where βb1 < βb2 , the opposite is true. □

Proof of Proposition 1.4

If a policy maker introduces an affirmative action policy that corresponds
to an increase of βb1 , then education becomes more representative of the
old dominated group according to Definition 2. Then, by Assumption 1,
this implies that ρ̃b1 decreases compared to the case without affirmative
action. This makes the bias smaller whenever the agent samples from the
distribution he misinterprets—i.e., when he samples an educated member of
the old dominated group. At the same time, he more often samples from a
distribution he misinterprets. This corresponds to the exact same ambiguous
effects described in Corollary 2, and, hence, whether he benefits are not
from an affirmative action policy depends on whether the starting share
of educated individuals among the old dominated group is above or below
the threshold β̂b1 and on how much the affirmative action policy increases
this share. Consider case (1) in the proposition—i.e., the case where βb1 is
below the threshold. Below the threshold, an increase in βb1 leads to a more
negatively biased long-run belief (case (1a)). If the increase is so substantial,
however, that the share of educated people is shifted sufficiently high over
the threshold beyond which a further increase in βb1 increases the long-run
beliefs, then affirmative action will lead to less biased long-run beliefs (case
(1b)).

If the share βb1 is already above the threshold, then a further increase
will lead to a lower extent of stereotyping and, hence, so will affirmative
action (case (2)). This follows from the proof of Corollary 2. □

Proof of Proposition 1.5

For the new dominated group, if βb1 increases while βb2 is fixed, education
becomes less representative of that group. This corresponds to an increase
of ρ̃b2 compared to ρ̃b in expression (1.12)—i.e., the indirect effect is in play,
while the direct effect is absent. As a result, the long-run beliefs about
the new dominated group’s average intrinsic productivity parameter will
be more biased than without affirmative action aimed at old dominated
group—i.e., affirmative action aimed at the old group will increase the extent
of stereotyping the new group faces. □
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Proof of Proposition 1.6

First, notice that whenever the (incorrect) model is normal—as is the case
here—its mean is the minimizer of the Kullback-Leibler divergence when we
want to estimate the mean of any other (correct) model. This is shown in
Berk (1966). Hence, by our Proposition 1, having βb < βw is sufficient to
generate negative long-run stereotypes when the model is normal. I therefore
proceed by establishing that we will have indeed βb < βw in any period
under the assumption stated in the proposition.

By standard Bayesian reasoning, after observing the two signals, the se-
lector’s posterior regarding the dominated applicant’s expected productivity
is given by

ab | sb ∼ N
(
µ̃bλb + sbλsb

λb + λsb

,
1

λb + λsb

)
with λsb :=

1
1
λ
+ 1

λb

. (1.19)

Analogously, the selector’s posterior regarding the dominant applicant’s
expected productivity is given by

aw | sw ∼ N
(
µwλw + swλsw

λw + λsw

,
1

λw + λsw

)
with λsw :=

1
1
λ
+ 1

λw

. (1.20)

Recall that the selector may also participate in taste-based discrimi-
nation against the dominated group. This is captured by the taste-based
discrimination parameter d ∈ R+. It enters the selector’s utility such that
he selects the dominated applicant over the dominant applicant if and only
if

µ̃bλb + sbλsb

λb + λsb

− d >
µwλw + swλsw

λw + λsw

. (1.21)

That is, the dominated applicant’s posterior expected productivity must
outperform the dominant applicant’s posterior expected productivity by a
margin d for them to be selected. We can rewrite the selector’s decision rule
to obtain

sb >

[
µwλw + swλsw

λw + λsw

(λb + λsb)− µbλb

]
1

λsb︸ ︷︷ ︸
:=Φ

+d
λb + λsb

λsb

, (1.22)

where we know that sw is a normally distributed random variable and, hence,
so is Φ:

Φ ∼ N

(
[µw(λb + λsb)− µbλb]

1

λsb

, λsw

(
λb + λsb

λw + λsb

)2 (
1

λsb

)2
)
. (1.23)
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proceed by establishing that we will have indeed βb < βw in any period
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By standard Bayesian reasoning, after observing the two signals, the se-
lector’s posterior regarding the dominated applicant’s expected productivity
is given by
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(
µ̃bλb + sbλsb
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. (1.20)

Recall that the selector may also participate in taste-based discrimi-
nation against the dominated group. This is captured by the taste-based
discrimination parameter d ∈ R+. It enters the selector’s utility such that
he selects the dominated applicant over the dominant applicant if and only
if

µ̃bλb + sbλsb

λb + λsb

− d >
µwλw + swλsw

λw + λsw

. (1.21)

That is, the dominated applicant’s posterior expected productivity must
outperform the dominant applicant’s posterior expected productivity by a
margin d for them to be selected. We can rewrite the selector’s decision rule
to obtain

sb >
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1
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:=Φ
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λb + λsb
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where we know that sw is a normally distributed random variable and, hence,
so is Φ:

Φ ∼ N

(
[µw(λb + λsb)− µbλb]

1

λsb

, λsw

(
λb + λsb

λw + λsb

)2 (
1

λsb

)2
)
. (1.23)
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To proceed, it is useful to define the random variable

∆s := sb − Φ. (1.24)

Because both sb and Φ are normal, ∆s is normal too. Specifically, we have
that

∆s ∼ N

(
µb − [µw(λb + λsb)− µbλb]

1

λsb

, λsw

(
λb + λsb

λw + λsb

)2 (
1

λsb

)2

+
1

λsb

)
.

(1.25)
I denote the corresponding cumulative distribution function of ∆s by H(·).
More concretely, because H(·) is a function that depends on parameters
which may differ across generations τ , I write H(·) with the parametrization
from generation τ as Hτ (·). We also know, by combining expressions (1.22)
and (1.24), that the dominated applicant will be selected if

∆s > d
λb + λsb

λsb

. (1.26)

Then, using our definition of Hτ (·), the probability that an arbitrary appli-
cant from the dominated group outperforms an arbitrary applicant from
the dominant group in an arbitrary generation τ can simply be written by

1 − Hτ

(
d
λb+λsb

λsb

)
. Because in any generation τ there are infinitely many

selectors, we can apply a law of large numbers, yielding the following result:

Lemma 1. For any observer in generation τ + 1, the share of educated
individuals among the dominated group from which he learns is given by

βτ+1
b = Hτ

(
d
λb+λsb

λsb

)
.

Proof: Follows from the formal arguments right above the lemma. □

We now only need to consider the first generation: if Hτ=1(d) > 1 −
Hτ=1(d) holds, then in the subsequent generation τ +1 we have βτ+1

b < βτ+1
w .

By Proposition 1, this is sufficient to generate a negative stereotype against
the dominated group. A negative stereotype implies that the belief regarding
the dominated group’s mean productivity is negatively biased, µ̃τ+1

b < µb.
Given that the belief regarding the dominant group’s mean productivity
is correct (or even upwards biased as in Proposition 2), this implies that
Hτ+1=2(d) > 1 − Hτ+1=2(d) too—i.e., there will be inaccurate statistical
discrimination. Thereafter, the logic repeats for all following generations. □
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Proof of Proposition 1.7

From Proposition 6, we know that a sufficient condition for inaccurate
statistical discrimination and negative stereotyping against the dominated
group to take place in any generation τ = 2, 3, ... is that Hτ=1(d) > 1 −
Hτ=1(d). As a benchmark case, consider a world where all beliefs regarding
both groups are identical and correct, and in which there is no taste-based
discrimination. Then, clearly, we are in a scenario in which Hτ=1(0) =
1−Hτ=1(0). We then only need to verify that i) an increase in d (away from
this benchmark) leads to an increase in Hτ=1(d), ∂Hτ=1(d)/∂d > 0, which—
all else equal—is true; ii) we need to check that ∂Hτ=1(d)/∂µb > 0. This is
true, because we know that for a fixed d, Hτ=1(d) increases when its mean
increases. Taking the derivative of E[∆s] = µb − [µw(λb + λsb)− µbλb]

1
λsb

with respect to µ̃b yields

∂E[∆s]

∂µ̃b

= 1 +
λb

λsb

> 0, (1.27)

and therefore
∂Hτ=1(d)

∂µ̃b

> 0, (1.28)

which establishes the result. □

1.A.2 Generalization

In this appendix, I first generalize the main insight from the main text
to allow for more general productivity distributions. I show that, under
some regularity conditions, the agent’s long-run beliefs abut the socially
dominated group will be negatively biased—i.e., there will be a negative
stereotype (Proposition 8). Afterwards, I provide an example to illustrate
that the generalization can capture scenarios in which the individuals are
sorted into becoming educated or staying uneducated based on their realized
intrinsic productivity parameter (Corollary 5).

General Result

In the main body of the text, I have only considered cases where productivi-
ties as well as the signals thereof are normally distributed. In this extension,
I allow for more general distributions. I retain the assumption, however,
that individuals, if they are educated, simply receive an additive “boost” of
ρα in addition to their realized intrinsic productivity.
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Proof of Proposition 1.7
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1
λsb

with respect to µ̃b yields

∂E[∆s]

∂µ̃b

= 1 +
λb

λsb

> 0, (1.27)

and therefore
∂Hτ=1(d)

∂µ̃b

> 0, (1.28)

which establishes the result. □

1.A.2 Generalization

In this appendix, I first generalize the main insight from the main text
to allow for more general productivity distributions. I show that, under
some regularity conditions, the agent’s long-run beliefs abut the socially
dominated group will be negatively biased—i.e., there will be a negative
stereotype (Proposition 8). Afterwards, I provide an example to illustrate
that the generalization can capture scenarios in which the individuals are
sorted into becoming educated or staying uneducated based on their realized
intrinsic productivity parameter (Corollary 5).

General Result

In the main body of the text, I have only considered cases where productivi-
ties as well as the signals thereof are normally distributed. In this extension,
I allow for more general distributions. I retain the assumption, however,
that individuals, if they are educated, simply receive an additive “boost” of
ρα in addition to their realized intrinsic productivity.
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Notation mostly follows the main text: I assume that the intrinsic produc-
tivity over all members of the dominated group is distributed according to
Gb with PDF gb. The productivity of uneducated members of the dominated
group is distributed according to Gb,u with PDF gb,u. The productivity of
educated members of the dominated group is distributed according to Gb,e

with PDF gb,e. All densities are strictly positive and all distributions have
finite but non-zero variance. These assumptions take care of assumptions
(ii) and (iii) in Berk (1966), which is necessary so that we can later apply
his convergence result.

The agent is interested in learning the mean of Gb—as in the main
text—still denoted µb. I assume that Gb,u provides some information about
µb. Similarly, I assume that Gb,e provides information about µb. However, in
the case of samples drawn from Gb,e, this information is entangled with the
impact of education. Specifically, I assume that the mean of Gb,e (denote
µb,e) is a function of µb and ρα, where these two terms are to some extent
substitutes. More formally, I make the following assumption:

Assumption 1.2. We have that µb,e is a function of both µb and ρα, such that
(i) µb,e is continuously differentiable in both µb and ρα, (ii) ∂µb,e/∂µb > 0,
(iii) ∂µb,e/∂ρα > 0, and (iv) ∀ µb, ρ, ρ

∗ ∃! µ∗
b : µb,e(µb, ρα) = µb,e(µ

∗
b , ρ

∗α).

In words, what this implies is that if ρ is misperceived by the agent—
which is the case in my model—there always exists some possible value of
µb that the agent can entertain such that his belief about µb,e can remain
unaffected with respect to the correctly specified model. Assumption 1.2
takes care of assumption (i) in Berk (1966), and makes one further assump-
tion that implies that the asymptotic carrier is a singleton—i.e., that there
is convergence opposed to cycling. I further make the assumption that the
agent knows all other parameters of the distributions Gb, Gb,u, and Gb,e and
is only unsure about µb. Furthermore, Assumption 1.1 from the main text
still holds—i.e., the agent still distorts ρ to ρ̃ in line with some salience-based
weighting function.

Most importantly, the above described generalization captures scenarios
in which whether an individual is getting educated depends on her realized
intrinsic productivity. Whenever this is the case, we have to make stronger
assumptions regarding the agent’s beliefs about the share of educated people
among the dominated and dominant groups respectively. In the main text,
I have mostly assumed that the agent just has a (correct) point-belief about
these shares. In a model with selection as described above, however, this
implies that the agent could always infer the mean intrinsic productivity
from the shares of educated people. Hence, the learning problem I consider

SALIENCE-BASED STEREOTYPING 45

in this paper effectively ceases to exist. To combat this, I assume instead
that the agent is not sure about the exact shares of educated and uneducated
individuals among the dominated and the dominant groups, respectively.
Specifically, I assume that the agent’s belief regarding the share of educated
individuals among the dominated group is described by the distribution χb

with support on (0, 1)—i.e., β̃b ∼ χb. Similarly, I assume that the agent’s
belief about the share of educated individuals among the dominant group
is described by the distribution χw with support on (0, 1)—i.e., β̃w ∼ χw.
With this in mind, we have to restate Definition 1 on representativeness to
allow for the uncertainty in βb and βw. I say the following.

Definition 1.5. Being educated is representative of the dominant group if

χb(β)

χw(β)
> 1 ∀β ∈ (0, 1). (1.29)

In words, being educated is representative of the dominant group if χw

first order stochastically dominates χb. Finally, for simplification, I make
the assumption that the agent treats his belief about the shares as fixed
and does not attempt to learn them more precisely.25 Notice that the new
definition also implies that all signs in Assumption 1.1 have to be reversed.

To continue with the analysis, no—like in the model presented in the
main text—we know that with a probability of 1− βb, the agent draws an
observation from an uneducated member of the dominated group. With
probability βb instead, he draws an observation from an educated member
of the dominated group. The agent’s misspecification (i.e., him updating
his belief as if ρ were given by ρ̃) is only present in the latter. As such, we
can still interpret the model as a learning model with occasional model mis-
specification. Because whether the agent draws an uneducated or educated
individual, however, is random, we can restate the problem into one where
we say that the agent observes, in each period t, a vector (Ib,u, at), where
Ib,u is an indicator variable equal to one if the type of the individual drawn
in that period is (b, u)—i.e., with probability 1 − βb—and equal to zero
otherwise—i.e., with probability βb (for convenience I will sometimes drop
the indices of I·). The distribution of at is then best defined conditional
on Ib,u, such that at | Ib,u = 1 ∼ gb,u(·) and at | Ib,e = 0 ∼ gb,e(·). I denote
the joint distributions by g(s, I) and g̃(s, I), where the first corresponds to

25In principal, we could also avoid the problem simply by assuming that the agent
has point beliefs about the respective shares of educated individuals but is naive about
how these shares are connected to the population mean. Otherwise we could also assume
that the agent knows the ratio of educated individuals among both groups but not the
respective shares. This would combat the problem too.
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the true model of the world (i.e., with ρ) and the latter corresponds to the
misspecified model (i.e., with ρ replaced by ρ̃). In other words, we have
reformulated the problem into one where the agent’s model is not occasion-
ally but always misspecified. This allows us to use the well known result
that, as t → ∞, the agent’s belief converges in distribution to the parameter
that minimizes the Kullback-Leibler divergence between the correct and
the misspecified model—if this parameter is unique (see Berk (1966) for an
early treatment of this from statistics, or White (1982) for an econometric
treatment). This yields the following result:

Proposition 1.8 (Stereotypes Under General Distributions). Under Assump-
tion 2: As t → ∞, the agent’s belief converges in distribution to a Dirac
measure at some point µ∗

b < µb—i.e., there is a negative stereotype against
the dominated group in the long run.

Proof: Given that Assumption 1.2 holds, the convergence proof follows
immediately from the main Theorem in Berk (1966). We need only establish
that the minimizer of the Kullback-Leibler divergence is indeed smaller
than the true value—i.e., µ∗

b < µb. For this it is useful to write down the
Kullback-Leibler divergence. We have

D(g(s, I) || g̃(s, I)) = Es∼g

[
log

g(s, I)
g̃(s, I)

]

=
∑

I∈{0,1}

∫

s∈R
g(s, I) log

g(s, I)
g̃(s, I)

ds

= βm

∫

s∈R
g(s, 0) log

g(s, 0)

g̃(s, 0)
ds

+ (1− βm)

∫

s∈R
g(s, 1) log

g(s, 1)

g̃(s, 1)
ds,

where the last step is possible because I ∼ Bernoulli(βb). We can see from
the abvove expression that we can express the Kullback-Leibler divergence
as the weighted sum of the Kullback-Leibler divergences of the conditional
distributions. This implies that the minimizer, too, must be a weighted sum
of the minimizers of the two divergences of the conditional distributions.
Hence, I can proceed by considering the individual minimizers separately.
Recall that the model is only misspecified in the case where I = 1—i.e., we
have that g(s, 0) = g̃(s, 0). This implies that the minimizer of the second
term of the above Kullback-Leibler divergence, denote µ̃∗∗

b , is minimized by
setting µ̃∗∗

b = µb. Hence, for the proposition to hold, it is sufficient if the
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minimizer of the first term of the above divergence, denote µ̃∗∗∗
b , is smaller

than the true mean, µ̃∗∗∗
b < µb. The Kullback-Leibler divergence between

two distributions is always minimized in the case where the two distributions
coincide. Because the agent knows all parameters of the distribution except
the mean, the Kullback-Leibler divergence will be minimized by setting a
belief µ∗

b such that the means of the true distribution and the incorrect
distribution are the same. The belief that will yield the two distributions
identical must be smaller than the true value. This follows immediately
from the assumption that both ∂µb,e(·)/∂ρα > 0 and ∂µb,e(·)/∂µb > 0, and
that ∀ µb, ρ, ρ

∗ ∃! µ∗
b : µb,e(µv, ρα) = µb,e(µ

∗
b , ρ

∗α). If this is true, then a
belief ρ̃ > ρ can only be consistent with the observed data by forming a
belief µ̃b < µb—i.e., if there is a negative stereotype. □

The main point of this generalization is to demonstrate that the main
insight of the paper—the existence of negative stereotypes in the long run—
carries over to other economically relevant scenarios. For example, the main
text assumes that there is no correlation between the intrinsic productivity of
an individual and that individual’s probability of becoming educated. Indeed,
any individual, conditional on their social group membership, has the same
probability of becoming educated. If we would relax this—i.e., assume that
selection into education is partially based on intrinsic productivity—than
clearly among the sample of educated individuals, intrinsic productivity
would be distributed differently than among the sample of uneducated
individuals. This is precisely what the above extension attempts to capture
by allowing for more general distributions of intrinsic productivity that differ
between educated and uneducated individuals of one social group.

Example: Hard Selection Rules and the Truncated Normal

As mentioned above, the main point of the generalization is to show that
the model can in principle account for selection into the two different levels
of education. Here I want to briefly outline more concretely a simple model
with such selection that would be in line with the above generalization.

Suppose that Gb ∼ N (µb, σ
2
b ). The selection rule is as follows: Any

individual from the dominated group whose intrinsic productivity is above
a threshold a is selected into the group of educated individuals and receives
a productivity boost of ρα. Any individual below the threshold is selected
into the group of uneducated individuals and does not receive a productivity
boost. Then we have that gb,u is a truncated normal distribution with
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minimum −∞ and maximum a. Its mean is given by

E[ab | ab < a] = µb − σb
φ((a− µb)/σb)

Φ((a− µb)/σb)
, (1.30)

where φ(·) is the PDF of the standard normal distribution and Φ(·) is its
CDF. Similarly, we have that gb,e is a truncated normal distribution with
minimum a+ ρα and maximum ∞. Its mean is given by

E[ab + ρα | ab > a] = µb + σb
φ((a− µb)/σb)

1− Φ((a− µb)/σb)
+ ρα (1.31)

I additionally assume that the agent cannot precisely observe the individual’s
productivities and instead observes them with additive iid noise ε ∈ R
with zero mean, finite but non-zero variance, and strictly positive density
everywhere. This assumption is necessary as otherwise the distributions
proposed here would violate Assumptions (ii) and (iii) in Berk (1966), and,
hence, we could not apply his convergence result.

To continue, notice that both of the above means, (1.30) and (1.31),
carry information about the original distribution’s mean, µm. Even though
statistics has a long standing tradition on research regarding the difficulties
associated with recovering information about population parameters when
the sample is truncated, recovering the population moments is in principle
possible, even though there may not be an analytical solution (see, e.g., Pear-
son 1902; Fisher 1931; Cohen Jr 1949; Kontonis, Tzamos, and Zampetakis
2019). In our case, the following holds:

Corollary 1.5 (The Truncated Normal Distribution). Suppose that Gb, Gb,e,
and Gb,u are distributed as described above. Then, as t → ∞ the agent’s
belief converges in distribution to a Dirac measure at the point

µb − (ρ̃α− ρα) < µb (1.32)

That is, there is a negative stereotype against the dominated group in the
long run.

Proof: From Proposition 1.8, we know that under Assumption 1.2 the
minimizer of the Kullback-Leibler divergence is unique, and such that it
is negatively biased with respect to the true value. Hence, to show that
Corollary 1.5 follows from Proposition 1.8 under the respective distribu-
tional assumptions, we need to verify that the Assumption 1.2 is indeed
fulfilled in the proposed model. As mentioned above, finding an analytical
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solution—which would otherwise be the most straightforward way to prove
the statement—is not generally possible.

In our case, however, we can restate the problem in a simpler way,
thereby circumventing the problem of analytically finding a solution to
the minimization problem. First notice that the population mean can be
expressed as follows:

µb = βb

[
µb + σb

φ((a− µb)/σb)

1− Φ((a− µb)/σb)

]

︸ ︷︷ ︸
=E[ab | ab>a]

+(1− βb)

[
µb − σb

φ((a− µb)/σb)

Φ((a− µb)/σb)

]

︸ ︷︷ ︸
=E[ab | ab<a]

.

(1.33)
That is, the population mean is the weighted average of the averages of
the two truncated normals introduced above. Hence, to find the long-run
belief about the population mean, we can consider the long-run beliefs about
the means of the two truncated distributions separately and then take the
weighted average of these two beliefs. If the result is (i) unique and (ii)
negatively biased, this proves the corollary.

First, notice that if the agent would separately estimate the mean intrinsic
productivity among the subpopulation of uneducated people among the
dominated group, E[ab | ab < a], this estimate would coincide with the
correct value. This is because we can find the long-run belief as the unique
minimizer of the Kullback-Leibler divergence. Since in this case the model
used by the agent is correct, the Kullback-Leibler divergence is uniquely
minimized at the correct parameter value, E∗[ab | ab < a] = E[ab | ab < a].

Second, notice that if the agent would separately estimate the mean
intrinsic productivity parameter among the subpopulation of educated people
among the dominated group, E[ab | ab > a], his estimate would converge
in distribution to a Dirac measure at a point strictly below the true mean.
To see this, let us write the true mean productivity (i.e., intrinsic mean
productivity + ρα) of these individuals as

E[ab + ρα | ab > a] = µint
b,e + ρα. (1.34)

The agent instead thinks that this expression is given by

E[ab + ρ̃α | ab > a] = µ̃int
b,e + ρ̃α. (1.35)

Now we must check if there exists a unique µ̃int
b,e such that

E[ab + ρα | ab > a] = µint
b,e + ρα = µ̃int

b,e + ρ̃α = E[ab + ρ̃α | ab > a] (1.36)

Rearranging gives

µint∗

b,e := µ̃int
b,e = µint

b,e − (ρ̃α− ρα). (1.37)
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CDF. Similarly, we have that gb,e is a truncated normal distribution with
minimum a+ ρα and maximum ∞. Its mean is given by

E[ab + ρα | ab > a] = µb + σb
φ((a− µb)/σb)

1− Φ((a− µb)/σb)
+ ρα (1.31)

I additionally assume that the agent cannot precisely observe the individual’s
productivities and instead observes them with additive iid noise ε ∈ R
with zero mean, finite but non-zero variance, and strictly positive density
everywhere. This assumption is necessary as otherwise the distributions
proposed here would violate Assumptions (ii) and (iii) in Berk (1966), and,
hence, we could not apply his convergence result.

To continue, notice that both of the above means, (1.30) and (1.31),
carry information about the original distribution’s mean, µm. Even though
statistics has a long standing tradition on research regarding the difficulties
associated with recovering information about population parameters when
the sample is truncated, recovering the population moments is in principle
possible, even though there may not be an analytical solution (see, e.g., Pear-
son 1902; Fisher 1931; Cohen Jr 1949; Kontonis, Tzamos, and Zampetakis
2019). In our case, the following holds:

Corollary 1.5 (The Truncated Normal Distribution). Suppose that Gb, Gb,e,
and Gb,u are distributed as described above. Then, as t → ∞ the agent’s
belief converges in distribution to a Dirac measure at the point

µb − (ρ̃α− ρα) < µb (1.32)

That is, there is a negative stereotype against the dominated group in the
long run.

Proof: From Proposition 1.8, we know that under Assumption 1.2 the
minimizer of the Kullback-Leibler divergence is unique, and such that it
is negatively biased with respect to the true value. Hence, to show that
Corollary 1.5 follows from Proposition 1.8 under the respective distribu-
tional assumptions, we need to verify that the Assumption 1.2 is indeed
fulfilled in the proposed model. As mentioned above, finding an analytical
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solution—which would otherwise be the most straightforward way to prove
the statement—is not generally possible.

In our case, however, we can restate the problem in a simpler way,
thereby circumventing the problem of analytically finding a solution to
the minimization problem. First notice that the population mean can be
expressed as follows:

µb = βb

[
µb + σb

φ((a− µb)/σb)

1− Φ((a− µb)/σb)

]

︸ ︷︷ ︸
=E[ab | ab>a]

+(1− βb)

[
µb − σb

φ((a− µb)/σb)

Φ((a− µb)/σb)

]

︸ ︷︷ ︸
=E[ab | ab<a]

.

(1.33)
That is, the population mean is the weighted average of the averages of
the two truncated normals introduced above. Hence, to find the long-run
belief about the population mean, we can consider the long-run beliefs about
the means of the two truncated distributions separately and then take the
weighted average of these two beliefs. If the result is (i) unique and (ii)
negatively biased, this proves the corollary.

First, notice that if the agent would separately estimate the mean intrinsic
productivity among the subpopulation of uneducated people among the
dominated group, E[ab | ab < a], this estimate would coincide with the
correct value. This is because we can find the long-run belief as the unique
minimizer of the Kullback-Leibler divergence. Since in this case the model
used by the agent is correct, the Kullback-Leibler divergence is uniquely
minimized at the correct parameter value, E∗[ab | ab < a] = E[ab | ab < a].

Second, notice that if the agent would separately estimate the mean
intrinsic productivity parameter among the subpopulation of educated people
among the dominated group, E[ab | ab > a], his estimate would converge
in distribution to a Dirac measure at a point strictly below the true mean.
To see this, let us write the true mean productivity (i.e., intrinsic mean
productivity + ρα) of these individuals as

E[ab + ρα | ab > a] = µint
b,e + ρα. (1.34)

The agent instead thinks that this expression is given by

E[ab + ρ̃α | ab > a] = µ̃int
b,e + ρ̃α. (1.35)

Now we must check if there exists a unique µ̃int
b,e such that

E[ab + ρα | ab > a] = µint
b,e + ρα = µ̃int

b,e + ρ̃α = E[ab + ρ̃α | ab > a] (1.36)

Rearranging gives

µint∗

b,e := µ̃int
b,e = µint

b,e − (ρ̃α− ρα). (1.37)
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If the agent believes the true mean intrinsic productivity among the educated
members of the dominated group to be µint∗

b,e , then this implies that his belief
about the mean productivity of this population (again, intrinsic productivity
+ ρα would be correct. In this sense his model would appear to him is
coinciding with the true model. Therefore the Kullback-Leibler divergence
is uniquely minimized at this point. This point is negatively biased, which
follows from inspecting expression (1.37) and remembering that ρ̃ > ρ.

Finally, putting the two subpopulation estimates together, and using
expression (1.33), we know that the unique minimizer of the Kullback-Leibler
divergence between the correct and incorrect unconditional distributions
(i.e., over the whole population) must be given by

µ̃b = βb {E[ab | ab > a]− (ρ̃α− ρα)}+ (1− βb)E[ab | ab < a]

= βbE[ab | ab > a] + (1− βb)E[ab | ab < a]− (ρ̃α− ρα)

= µb − (ρ̃α− ρα) < µb

where the last inequality follows because ρ̃ > ρ. □

1.B References

Aigner, D. J., and G. G. Cain. 1977. “Statistical theories of discrimination
in labor markets.” Ilr Review 30 (2): 175–187.

Allport, G. W., K. Clark, and T. Pettigrew. 1954. “The Nature of Prejudice.”

Arrow, K. J. 1973. “The Theory of Discrimination.” In Discrimination in
Labor Markets, 1–33. Princeton University Press.

Barberis, N., A. Shleifer, and R. Vishny. 1998. “A model of investor senti-
ment.” Journal of Financial Economics 49 (3): 307–343.

Barron, K., R. Ditlmann, S. Gehrig, and S. Schweighofer-Kodritsch. 2022.
“Explicit and implicit belief-based gender discrimination: A hiring ex-
periment.”
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Chapter 2

Meritocracy in Hierarchical
Organizations

Timm Behler and Patrik Reichert

Abstract

Competitive promotions are often perceived as meritocratic because
they typically select talented players with a high probability. We
show that this is not necessarily the case in hierarchical organizations
with more than two layers. Competition backfires by inducing middle
managers to block talented subordinates’ promotions out of fear that
they could negatively affect their own career prospects. Seniority-
based promotions can mitigate this. However, a new trade-off arises:
maximizing middle-manager ability may not maximize top-tier ability.
This depends on bottom-tier ability and how well middle managers
can infer subordinates’ abilities. We discuss implications for wage
inequality, effort incentives, and promotion rates.
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2.1 Introduction

Organizations—such as firms, political parties, or governmental institutions—
are often hierarchical in nature. Their design reflects an attempt to help
the most talented of its members to rise through the ranks and take on
leading roles. In the economics literature, the allocation of talent within
organizations has often been modeled with contests. In contests, several
competitors exert costly effort to produce some observable output, based on
which the principal makes a promotion decision. Such competitive promotion
schemes are typically regarded as meritocratic, because—under the standard
modeling paradigm—they help talented members of the organization to get
a promotion.

In this paper, we challenge this view by embedding competitive promotion
schemes into hierarchical organizations with more than two layers. In our
model, competitive promotion schemes on the organization’s middle tier can
create a negative spillover to the tiers below: If the organization’s middle tier
can influence the career advancement of subordinates, they may block the
promotion of talented individuals out of fear that it could negatively affect
their own career prospects. We show that this moral hazard problem can be
alleviated by basing promotions on seniority instead. However, depending
on how well the middle tier can infer the abilities of individuals on the
lowest tier, there may be a trade-off between the selection of talent onto
the middle and highest tier of the organization. While the seniority scheme
always maximizes the expected talent on the middle tier, it can both increase
or decrease the expected talent on the highest tier. Perhaps surprisingly,
depending on the distribution of talent on the bottom tier, more noise in the
middle tier’s evaluation of their subordinates can both favor or disfavor the
seniority scheme when the principal wants to maximize expected ability on
the highest tier. Beyond this, our paper also discusses implications for effort
provision on the bottom and middle tiers, within-firm wage distributions,
and promotion rates.

The extent of the moral hazard problem we describe above is illustrated
by recent empirical evidence on “talent hoarding” in organizations. Haegele
(2022), for example, provides empirical evidence that managers indeed
attempt to block the promotion of high ability subordinates. She argues
that managers would weaken team performance by promoting talented
workers away from the team, thereby decreasing their own payoffs and,
hence, resulting in incentives to promote untalented workers (see also Friebel
and Raith 2022). Even beyond the academic literature, industry surveys
suggest that many firms view the immobility of talent across their hierarchies
as a central threat to the efficiency of their organizations (i4cp 2016), and

MERITOCRACY IN HIERARCHICAL ORGANIZATIONS 61

management magazines often publish advice for workers who feel that they
are held back by their superiors, further highlighting the scope of the problem
(see, for example, Business Insider (Smith 2015) or Forbes (Kurter 2021)).

In section 3.2 of this paper, we formally introduce the model. It consists
of an organization that employs one manager (the middle tier) and a large
pool of workers (the bottom tier).1 All members of the organization can
have high or low ability. The game proceeds as follows: The manager is
tasked with selecting one of the workers to be promoted to management
level. Before doing so, she receives, for each worker, a binary ability signal.
Thereafter, she makes the promotion decision. Some time after her decision
has been implemented she learns about the entrant’s true ability and the two
managers compete over a promotion to a higher level of the organization. We
model this competition through a (biased) all-pay auction: Both managers
exert costly effort. Effort, together with the bias, yields the managers’ scores
and the manager with the higher score is promoted. This biased all-pay
contest also captures the seniority scheme when the bias goes towards infinity
in favor of the incumbent manager.

We start our analysis with some preliminaries in section 2.3. Our main
result is in section 2.4. We focus on how decreasing the competitiveness of
the promotion scheme can alleviate the moral hazard problem. Explicitly, we
compare the competitive promotion scheme to a seniority-based promotion
scheme where the more senior manager is always promoted at the end of the
period. Our first result is that the seniority scheme always maximizes the
expected ability of the worker who is promoted to the vacant management
position because it fully alleviates the moral hazard problem. This intuitive
result is reminiscent of Carmichael (1988), who shows that employment-
guarantees are a necessary condition to incentivize the current members of
an organization to make high-quality recruitments.

Our main result, however, goes beyond this: We consider the expected
ability of the manager who is promoted to the subsequent tier of the
organization. Whether expected ability is maximized by choosing the
seniority scheme depends crucially on noise. Perhaps surprisingly, noise
has an ambiguous effect: When the share of high-ability players among the
workers is low, little noise favors the competitive scheme. When the share
of high-ability players among the workers is high instead, little noise favors
the seniority scheme. The intuition is, roughly, as follows: The incumbent
manager can have either high or low ability. As our analysis reveals, under

1Throughout this paper, we use the manager-worker framework, but the logic ap-
plies also to other organizations—e.g., political parties, governmental institutions, or
universities.
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the competitive scheme, any high ability incumbent wants to promote a low
ability worker, whereas a low ability incumbent wants to promote a high
ability worker. They will attempt to achieve this by picking a worker who
produced a corresponding signal. However, signals will sometimes not match
a workers true ability. In this case, the incumbent has made a “mistake”
in her promotion decision. From the perspective of the principal there
are “good” and “bad” mistakes: If a high ability incumbent mistakenly
promotes a high ability worker, this is good for the principal. If, instead, a
low ability manager mistakenly promotes a low ability worker, this is bad for
the principal. Both types of mistakes become more likely as noise increases.
However, if the distribution of ability at the bottom tier is not symmetric,
the likelihoods of both mistakes will also increase asymmetrically. This
means that one mistake will become relatively more likely than the other.
This also implies that an increase in noise can both increase or decrease the
expected ability of a promoted worker, and therefore the expected ability of
a promoted manager under the competitive scheme. As a result, more noise
may favor either the seniority or the competitive scheme under appropriate
conditions.

In section 2.5, we analyze several trade-offs that the organization faces.
First, we consider an effort trade-off: Because expected ability on the middle
tier is always maximized by the seniority scheme, whereas effort exerted by
the middle tier is maximized by the competitive scheme, these two objectives
are always in conflict. Second, because expected ability on the top level
is sometimes maximized by the seniority scheme and sometimes by the
competitive scheme, it will always be in conflict with one of the other two
objectives and aligned with the other.

We discuss our results and their implications for other design choices the
principal might have in section 2.6. For example, our results might have an
impact on within-firm wage distributions. When the principal decides on
the seniority scheme to maximize the expected ability on the middle tier
(and potentially on the top tier), then there are no effort incentives anymore
since the promotion decision cannot be affected by exerting effort. In this
case there is no need for the principal to offer a high wage at the top tier of
the hierarchy. This suggests a less steep wage increase between the middle
and the top tier. At the same time, because the seniority scheme maximizes
expected ability on the middle tier, being a middle manager might become a
stronger ability signal to outside organizations. Therefore, the organization
may have to increase the wages of the middle tier to retain its managers.
This suggest a steeper wage increase between the bottom and the middle
tier. We also discuss implications for effort provision on the bottom tier and
promotion rates. Regarding the latter, our model suggests a novel rationale
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for up-or-out rules because they plausibly affect the signal precision of the
pool of workers eligible for promotion.

section 2.7 concludes. The remainder of the current section summa-
rizes the most relevant literature. Additional literature will be discussed
throughout the article where useful. All omitted proofs are in Appendix D.

Related Literature. Our article is related to two strands of literature,
which we discuss successively. We first focus on the literature on perverse
incentives of principals to block the progress of talented subordinates, before
we move on to a discussion of the the literature on talent identification in
contests.

To the best of our knowledge, Haegele (2022) is the first to document
the perverse incentives we study using internal firm data. She provides
evidence that managers hoard talent by discouraging talented workers from
applying for a promotion. She shows that a temporary reduction in managers’
incentives to hoard talent increases promotion applications by 123%. Friebel
and Raith (2022) provide a theoretical analysis of this phenomenon. Beyond
this, while not providing evidence on hoarding directly, management scholars
(Hu, Wang, and Huang 2019) also show that managers act less favorably
towards talented proteges if they feel threatened by their ability.

Although it is challenging to record these patterns in firms, a closely
related research agenda is present in the political science and the political
economics literature. Bai and Zhou (2019) documents the purge of competent
party cadres by Mao and his faction during the years of the Cultural
Revolution. They argue that as external threats subsided after the Chinese
Civil War, the relative value of competence vis-à-vis loyalty decreased, which
in turn lead to the demotion of competent central committee members
(measured as education and military rank percentile by birth cohort). The
emerging importance of political connections in the Chinese Communist
Party may be considered as a response to this “loyalty-competence trade-off.”
Strong political connections are considered as insurance against disloyalty
by party leaders. The party elite is, therefore, more likely to promote more
competent provincial leaders conditional on them having strong connections.
Otherwise competence remains to be construed as a threat to power (Jia,
Kudamatsu, and Seim 2015).

Considering talented subordinates as threats in the eyes of the elite is
not surprising given the numerous examples in history (Egorov and Sonin
2011). Recent empirical evidence further validates this assertion. Using rich
register data to measure abilities, Besley et al. (2017) shows that local party
leaders indeed have a lower probability of holding on to power when the
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share of high ability elected representatives on the party list increases. The
key assumption in related theoretical work that generates similar results is
the positive relationship between productive ability and the ability to wrong
the principal (Glazer 2002; Wagner 2006; Egorov and Sonin 2011; Zakharov
2016). We also make this assumption implicitly in our model, given the
effect of ability difference on winning probabilities in contests.

An early theoretical contribution focusing on negative selection induced
by competitive incentives is by Carmichael (1988). He presents a model
of hiring decisions in university departments. Current professors are best
equipped to evaluate possible recruits in their fields. They are, however,
reluctant to select the most talented applicants if they fear that they may
be replaced by them. As a result, an employment-guarantee (“tenure” in
the academic context) is a necessary condition to incentivize professors to
make favorable recruitments. We obtain a similar result in Proposition 2.1.
Sengupta (2004) builds on the same logic but focuses on a different type
of moral hazard. He assumes that after filling a vacancy, the firm observes
the joint output of the recruiter and her recruit, and interprets this as a
signal of their abilities. If the recruiter has recruited a talented worker, she
fears to be replaced by her recruit and therefore reduces her own output to
make the signal less informative about both players’ abilities. Again, an
employment-guarantee can mitigate this problem. Other articles consider
similar problems and suggest different solutions: Friebel and Raith (2004)
show that the moral hazard problem can be alleviated by establishing clear
chains of communication within the organization. Ekinci (2016) shows that
the problem may not exist if employees want to build a reputation for
referring talented workers.

The theoretical work belonging to this strand of literature typically
focuses only on the promotion from one tier of the organization to the next
(or, almost equivalently, on the recruitment of new employees).2 We go
beyond this by considering not only the promotion from the bottom to the
middle tier, but also from the middle to the top tier. This view of hierarchical
organizations is similar to Tirole (1986) or Kofman and Lawarrée (1993).
As we will show in this article, this extended hierarchy is important as it
highlights that the optimal policies to allocate talent to different tiers of the
organization are not necessarily aligned.

2A notable exception being Ekinci (2016), who considers promotion contests on an
organizations middle tier as a microfoundation for why managers might nor refer talented
workers. He does, however, not analyze the effects that this microfoundation has on the
higher tiers of the organization, and in this sense does not consider the full hierarchy of
the organization. Providing this analysis is the purpose of our paper.
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We model the promotion from the middle to the top tier as an all-
pay contest (Hillman and Riley 1989; Baye, Kovenock, and De Vries 1996;
Siegel 2009), connecting our article to the respective literature. Within
this literature, our article is mainly related to (mostly) recent research
that focuses on how seemingly meritocratic design choices fail to generate
meritocratic allocations. Meyer (1991) shows that in a multiple-period
selection contest, the designer maximizes the expected ability of the winner if
she biases the later stages of the contest in favor of the leader of the previous
stages. Perhaps surprisingly, Kawamura and Barreda (2014) show that
even in a static setting where the designer’s prior regarding the participants’
abilities is flat, she maximizes the expected ability of the winner by randomly
biasing the contest in favor of one of the participants. Drugov and Ryvkin
(2017) derive a similar result in a more general framework. Finally, both
Hvide and Kristiansen (2003) and Fang and Noe (2022) consider risk-taking
contests in which the expected abilities of the winners can be increased
by making the competition less competitive, and thereby seemingly less
meritocratic. The seniority-based promotion mechanism we consider in this
article completely detaches promotions from performance and, hence, can
be seen as making the promotion mechanism less competitive, too.

2.2 Model

In this section, we introduce a model of competition in hierarchical organiza-
tions. The organization consists of N > 3 players, who can be either workers
or managers. Beyond the workers and managers, there is a principal whom
we do not model as an active player. An individual player is denoted by
i ∈ {1, ..., N}. Players are heterogeneous in their abilities. That is, players
differ in how costly it is for them to exert effort xi ≥ 0 to produce output
yi (xi) = xi. We allow for two ability types: a low ability and high ability
player with their respective ability denoted by ai ∈ {l, h} with both l and h
strictly positive and l < h. Let the effort cost for Player i be given by cai(xi),
where cai is an increasing, continuously differentiable, and convex function
with cai(0) = 0. Low ability players’ cost of effort is strictly greater for any
strictly positive effort level: cl(x) > ch(x), ∀x > 0. The prior probability
of any worker to have high ability is given by µ ∈ (0, 1).

The game consists of four stages that proceed as follows: In Stage 0,
there is one incumbent manager and a vacant management position. The
prior probability of the incumbent manager having high ability is q ∈ (0, 1).
The incumbent manager receives a binary signal, ãi ∈ {l, h}, of each worker’s
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share of high ability elected representatives on the party list increases. The
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referring talented workers.

The theoretical work belonging to this strand of literature typically
focuses only on the promotion from one tier of the organization to the next
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2A notable exception being Ekinci (2016), who considers promotion contests on an
organizations middle tier as a microfoundation for why managers might nor refer talented
workers. He does, however, not analyze the effects that this microfoundation has on the
higher tiers of the organization, and in this sense does not consider the full hierarchy of
the organization. Providing this analysis is the purpose of our paper.
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We model the promotion from the middle to the top tier as an all-
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with cai(0) = 0. Low ability players’ cost of effort is strictly greater for any
strictly positive effort level: cl(x) > ch(x), ∀x > 0. The prior probability
of any worker to have high ability is given by µ ∈ (0, 1).

The game consists of four stages that proceed as follows: In Stage 0,
there is one incumbent manager and a vacant management position. The
prior probability of the incumbent manager having high ability is q ∈ (0, 1).
The incumbent manager receives a binary signal, ãi ∈ {l, h}, of each worker’s
ability. For all workers, the probability that their signal matches their type
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is given by p := Pr [ãi = ai] > 1/2. For simplicity, we assume that N is
infinitely large, such that the manager will always observe at least one
signal of each kind. This simplifies the analysis significantly and avoids
uninteresting special cases. We can then use Bayes’ rule to pin down the
expected abilities of all workers conditional on their signal,

Pr [ai = h|ãi = h] =
µp

µp+ (1− µ)(1− p)
, and

Pr [ai = l|ãi = l] =
(1− µ)p

(1− µ)p+ µ(1− p)
.

(2.1)

In Stage 1, the incumbent manager decides on one of the workers to be
promoted to the vacant management position. Thereafter, both managers,
the incumbent and the entrant, learn of their abilities.3

In Stage 2, the two managers compete in a (seniority-biased) all-pay
contest over a prize v > 0 provided by the principal. We can think of this
prize as the wage increase due to a promotion to the next higher level of the
organizational hierarchy. The rules of the (seniority-biased) all-pay contest
are as follows: The two competing managers will exert effort, which will
then be combined with a bias—set by the principal—in favor of the more
senior manager. More specifically, the winning probabilities of the contest
are determined as follows

wm (xm, xp; b) =




1 if xm + b > xp

1
2

if xm + b = xp

0 if xm + b < xp,

where xm is the effort submission of the incumbent manager, xp is the effort
submission of the entrant, and b ≥ 0 is the bias that the principal can set in
favor of the more senior contestant—i.e., the incumbent manager. In other
words, the entrant has to outperform the incumbent manager by a margin
b to win the contest. Notice that the setup also captures two important
special cases: If b = 0, the contest is a standard all-pay contest between
the incumbent manager and the entrant. If b → ∞ instead, the incumbent
manager will win the contest with probability one. Promotion in this case
is not competitive, but is solely based on seniority. Generally, we can say
that as b increases, the contest becomes less competitive in the sense that
the winning probabilities are less sensitive to the output difference between
the two contestants.

3In reality of course, they might not learn their abilities immediately, but rather by
working together for a while.
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Finally, in Stage 3, the principal selects the winner of the contest and
promotes her to the next higher organizational tier. The timing of the game
is summarized in Figure 2.1.

Signal Realized Promotion
of Worker

Effort Choice Promotion
of Manager

Uncertainty Between
Competitors Resolved

Stage 0 Stage 1 Stage 2 Stage 3

Figure 2.1: Timing of the game.

Throughout the paper, we assume that both the incumbent manager and
the entrant are risk-neutral expected utility maximizers. The incumbent
manager’s decision problem consists of first choosing her opponent and then
competing against her by making an effort choice. The entrants’s decision
problem, instead, consists only of her effort choice in the competition against
the incumbent manager. We look for subgame-perfect Nash equilibria
(SPNE, henceforth) in the game between the two managers.

Discussion. A discussion of our assumptions is in order. First, we want
to discuss how we interpret our model of the promotion process from the
worker-level to the management-level. It may not seem plausible that a
manager has the power to promote one of her subordinates to a position
that is directly equivalent to her own. However, we do not think of the
vacant management position as an exact copy of the incumbent manager’s
position, but rather as any position within the organization that is of a rank
such that the incumbent manager and the entrant could, in principle, be
considered for the same position later on. In practice, such a position could
be below the incumbent manager’s position in rank. Another way to think
of the delegation of the promotion decision is by envisioning a manager who
cannot unilaterally make promotion decisions and who can only refer one
of her subordinates to her own superior instead. Since the manager has an
informational advantage over her superior, the superior simply trusts the
manager and promotes her referral.4

4Abstracting away, of course, from the question whether this trust is indeed warranted.
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Second, we want to discuss whether the incumbent manager should
expect punishment for promoting a low-signal worker. Our model implicitly
assumes that there is no such punishment. Our assumption stems from the
idea that punishment may not be credible given the information asymmetry
between manager and principal. For example, the incumbent manager may
promote a worker who is performing well in her worker role, yet produces
low ability signal along the ability dimension that is relevant for the manager
role—the dimension which is relevant for determining the winner of the
promotion contest between managers. Hiding the true intention behind
the promotion decision is then relatively easy, which in turn make it less
likely that the manager will be punished. Relatedly, any punishment should
be based on the principal being convinced that the incumbent promoted
a low signal worker. This implies that the principal must know not the
realized ability of the promoted worker, but must be able to verify the
signal the incumbent manager received. This is unlikely. Nonetheless, in
subsection 2.A.2, we allow for a cost reflecting that the incumbent manager
may face punishment from promoting a low-signal worker and show that
we approximate the case when the principal does not have the ability to
punish.

Third, we assume that the promotion scheme from the middle to the top
tier uses a contest and is therefore distinct from the promotion scheme from
the bottom to the middle tier. This modeling choice relates to the argument
in the previous paragraph. It reflects that in the bottom tier of most
organizations, there are no management skills necessary. Hence, performance
at the bottom tier may not be a good signal for performance at the middle
tier. We therefore believe that it is plausible that the incumbent manager
would rely on other signals, such as education, to make her promotion
decision. This is very different when considering middle to top promotions.
Performance at the middle tier depends on management skills, which are
precisely those skills necessary to succeed at the next higher level. Therefore,
basing promotions on performance is plausible in this case.

Fourth, we consider an organization which exists for only one period,5

whereas real-world organizations often exist for longer. This static model
is rich enough to provide interesting insights, however, if we maintain the
assumption that a principal is short-lived, will be replaced after she retires,
and each replacement can decide again independently on the promotion
policy. We believe this to be realistic, since in real-world organizations,
there is typically some fluctuation between principals and it is seldom the

5subsection 2.A.3 extends the analysis to an infinitely-lived organization and shows
that some of our insights carry over.
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case that one principal can decide on a promotion scheme implemented by
an organization from the ground up. We analyze how the choice between
a competitive and a seniority based promotion mechanism may influence
(i) the expected ability of the worker promoted to the vacant management
position, and (ii) the expected ability of the promoted manager.6

Finally, we want to touch on the question why the principal delegates
the promotion decision from the bottom to the middle tier to the managers.7

After all, depending on the type of the incumbent manager, the expected
ability of the promoted worker can be lower than the expected ability of a
randomly drawn worker. Hence, the principal may be better of by randomly
selecting a worker to fill the vacant management position. Still, in a complex
multi-level organization, implementing even a random draw from a pool of
workers may be too costly for the principal and, therefore, the execution
of this selection mechanism would need to be delegated nonetheless. The
principal may directly order managers to randomly select a worker, but the
manager could still select a worker who produced a low signal and claim that
the selection process was random. As such, our delegation assumption is not
a significant departure from the way promotion mechanisms are implemented
in most organizations.8

6We restrict our analysis to considering full seniority promotion schemes to keep
our problem tractable. However, as Lemma 2.6 shows, the seniority-based promotion
scheme (b → ∞) is simply the limiting case of the promotion scheme that uses some
“intermediate” bias b < c−1

h (v) that realigns incentives between the principal and the
incumbent manager, when expected punishment costs go to zero.

7Delegation is shown to be optimal in the canonical principal-agent model (Strausz
1997), however, the source of moral hazard in our model is managerial discretion in
promotion decisions, rather than the possibility of shirking.

8Even if we assume that randomly selecting a worker would be feasible for the
principal, there may be other reasons for why delegation may be an equilibrium outcome.
Consider the following extension of our model: Instead of a two types, workers can be of
three types: high ability, low ability, and very low ability. Assume that the workers with
very low ability produce a very precise signal, such that any incumbent manager can,
essentially, perfectly identify them. If an incumbent manager would promote a worker
with very low ability to the vacant management position, this would affect performance
so severely that the promotee’s type would be perfectly revealed to the principal, too.
In turn, the principal would punish the incumbent manager who made the promotion
decision. As a result, the incumbent manager will never promote a worker with very low
ability. If instead, the principal would decide to randomly select a worker, there is a
positive probability that the worker has very low ability. In this case, delegation may be
beneficial to the principal.
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2.3 Equilibrium in the Promotion Game

In this section, we derive some preliminary results. Specifically, we solve the
game by backwards induction, starting with the promotion contest before
analyzing the incumbent manager’s promotion decision.

2.3.1 The Second Stage

The fully competitive version of the second stage of the game is modeled as
an all-pay contest. It is well known that equilibrium in this contest exists
only in mixed strategies—although this statement is true only when head
starts are not too large as we will show later.9 The logic why this game has
no equilibrium in pure strategy is as follows: For any pure strategy effort
submission x̂ by some player, the other player has a profitable deviation by
bidding x̂ + ε and win the prize with probability one. The best response
of the first player is to outbid by a small amount again. This cycle of
outbidding continues until one player’s maximum valuation is reached. The
player with the lower valuation has then an incentive to deviate to exert
zero effort, as otherwise she receives a negative expected payoff. But then
the bid that prompted the low valuation player to exert zero effort is no
dominated by a bid of ε as this would guarantee a win at lower effort cost.
At such a low bid, however, the player with the lower valuation becomes
competitive again and the cycle of outbidding restarts.

The mixed-strategy equilibrium is relatively straight forward to charac-
terize. When we do not allow for head starts (b = 0), players randomize
their effort submission on the same support: [0, c−1

l (v)] (Baye, Kovenock,
and De Vries 1996; Siegel 2009). The upper bound of the support is given
by the low ability player’s maximum willingness to pay for the prize.10 This
is equivalent to the effort level xl that makes the player’s expected payoff
zero assuming he wins the prize with certainty v − cl(xl) = 0. Otherwise,
the high ability player would bid c−1

l (v) + ε and win with probability one.
Given that the high ability player can outbid the low ability player (the
less “powerful” player) and still earn a strictly positive payoff, the low
ability player must earn zero in equilibrium. Furthermore, the high ability
player must be indifferent between deviating to c−1

l (v) + ε and playing the
equilibrium mixed strategy. This implies that his expected payoff must be

9Such that any positive effort submission from the disadvantaged player would be
outranked by the favored player’s output even if she submits zero effort.

10Commonly referred to as the low ability player’s “reach” in the literature after Siegel
(2009).
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equal in both cases, which implies

Πh = v − ch(c
−1
l (v)) and Πl = 0.

Using these expected payoffs, we can also back out the equilibrium cumula-
tive distribution functions (CDFs) that players use in the mixed strategy
equilibrium; however, we do not use the explicit CDFs for our results in this
paper, and hence omit stating them for brevity.

When we allow for positive head starts, players may randomize over
different supports. The upper bound of the distribution remains the same for
both players and it is still given by the maximum willingness to pay of the
less powerful player (Siegel 2009; Kawamura and Barreda 2014). However,
when determining which of the two players is more powerful, we must take
into account the size of the head start. If head start is large enough, the
maximum willingness to pay of a low ability player may exceed that of a high
ability player. It is then the low ability player who will earn strictly positive
expected payoff in equilibrium. The steps to calculate these expected payoffs
(and equilibrium CDFs) remain the same as we saw in the case with no head
starts.

In this article we will also consider very large head starts, such that the
disadvantaged player can never outbid the advantaged player and still earn
a positive expected payoff. In such cases, the equilibrium of the game is
in pure strategies: both players submit zero effort in equilibrium and the
player who receives the head start wins with probability one (we show this
formally in Appendix A (Lemma 2.5)). Using the results in Kawamura
and Barreda (2014) and our results from Appendix A, we can specify the
expected payoffs for arbitrarily large head starts, b ∈ [0,∞). We do this in
the following lemma:

Lemma 2.1 (Expected Payoffs). Players’ expected payoffs are characterized
as follows:

1. When bias is in favor of the more talented player.

Πh =

{
v − ch

(
c−1
l (v)− b

)
, b < c−1

l (v)

v, c−1
l (v) ≤ b

Πl = 0
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3. When both players are high ability. Let the player who receives
preferential treatment (positive bias) be denoted h

′
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h (v) ≤ b

Πh = 0.
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′
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2.3.2 The First Stage

We proceed with our backwards induction approach and look at the first
stage. We can use the expected payoffs in Lemma 2.1 to set up the sufficient
condition for the incumbent to promote a worker with a high ability signal:

Pr[a−i = h | ã−i = h] (Πai | b, a−i = h)

+ (1− Pr[a−i = h | ã−i = h]) (Πai | b, a−i = l)

≥
Pr[a−i = l | ã−i = l] (Πai | b, a−i = l)

+ (1− Pr[a−i = l | ã−i = l]) (Πai | b, a−i = h) .

We can simplify to get

(Πai | b, a−i = h) ≥ (Πai | b, a−i = l) (2.2)

Throughout the paper, we assume that when an incumbent is indifferent be-
tween promoting a high signal worker and a low signal worker, she promotes
the high signal worker.11

11For several reasons, we believe that this assumption is not particularly strong. First,
this assumption makes the contest more favorable from the viewpoint of the principal.
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Inspecting the above condition, we can show that the principal must
set b so high that she guarantees a win for the incumbent to incentivize
the promotion of a high signal worker. This in fact implies that the bias
is so strong that the equilibrium in the two-player all-pay auction for the
promotion has the same equilibrium effort and win probability as the case
when we set b → ∞. We summarize this strategic equivalence result in
Lemma 2.2.

Lemma 2.2. The principal must set bias

c−1
h (v) ≤ b,

to guarantee that the incumbent will promote a high signal worker. Bias
c−1
h (v) ≤ b leads to an equilibrium that is strategically equivalent to a full
seniority promotion scheme where b → ∞.

The strategic equivalence result in Lemma 2.2 allows us to draw further
parallels between our model and how seniority-based promotion schemes are
implemented in organizations. An outright guarantee of promotion based
on relative tenure is rarely observed. However, if the importance attached
to tenure length is substantial enough, this may translate to a head start so
large that the resulting strategic interaction is equivalent to what we would
expect when promotions are guaranteed for the incumbent.

Now we can consider the equilibrium promotion decision of the incumbent
under the competitive scheme and seniority scheme. Generally, in the
competitive scheme, a high-ability incumbent manager benefits from trying to
promote a low-ability worker through higher expected payoffs in the contest
stage. A low-ability incumbent, on the other hand, earns an expected payoff
of zero regardless who she competes against. When the sole determinant
of promotion to the highest tier is seniority, the ability of the “competitor”
does not change the incumbent’s expected payoff. These observations lead
us to the equilibrium promotion decisions under the two promotion schemes,
stated in Lemma 2.3.

In the sense that one of the insights of our paper is that contests may not necessarily
br favorable for the principal, the assumption only highlights the severity of our results.
Beyond this, allowing for an infinitissimally small cost associated with promoting a
low-signal worker (e.g., because of the fear of punishment, reputational concerns, or
prosocial preferences in favor of the principal or the organization in genereal) would
endogenize this assumption.
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Lemma 2.3.

1. Suppose that the principal has chosen the fully competitive promotion
scheme. In the SPNE, a high type incumbent manager promotes a
low signal worker, while a low type incumbent promotes a high signal
worker.

2. Suppose that the principal has chosen the seniority-based promotion
scheme. In the SPNE, both types of incumbent managers promote a
worker who produced a high signal.

With these results in hand we are ready to study how the choice of
promotion scheme may effect the distribution of talent across the hierarchy.

2.4 The Distribution of Talent Across the

Hierarchy

In this section, we consider how the principal of the organization can design
the promotion mechanism as to affect the distribution of talent across the
organization’s hierarchy.

2.4.1 Expected Ability of the Promoted Worker

We start by analyzing which promotion scheme maximizes the expected
ability of the worker who is promoted to the vacant management position,
summarized in the following proposition.

Proposition 2.1. For any p > 1/2, the expected ability of the worker who
fills the vacant management position is higher under the seniority-based
promotion scheme than under the fully competitive promotion scheme.

The intuition is straightforward: When removing the competitive aspect
of the promotion mechanism, incumbent managers face no cost associated
with promoting a high-ability worker to the vacant position under the
seniority scheme. As a result, the seniority scheme will always incentivize
them to promote a worker who produced a high signal—i.e., it completely
alleviates the moral hazard problem.

From Proposition 2.1, we know that the expected ability of the promoted
worker is always maximized under the seniority scheme. While signal
precision plays no role for this result, it affects the within performance of
the different schemes. In the next proposition, which will be helpful to
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follow the remainder of the analysis, we establish how the expected ability
of a promoted worker is affected by a change of precision under both the
seniority and the competitive scheme.

Proposition 2.2.

1. Under the seniority scheme, the expected ability of the promoted worker
is increasing in both p and µ.

2. Under the competitive scheme, for any q ∈ (0, 1), there exists a thresh-
old value µt ∈ (0, 1) which partitions the interval (0, 1) into two sub-
intervals, (0, µt] and [µt, 1), such that in one sub-interval, expected
ability of the promoted worker is increasing in p, whereas it is decreasing
in p in the other sub-interval.

Part (1) of Proposition 2.2 states that under the seniority scheme, ex-
pected ability of the promoted worker is increasing in the signal precision and
the share of high ability workers. This is intuitive, because both parameters
increase the probability of promoting a high ability worker.

Part (2) states that under the competitive scheme, the expected ability
of promoted workers can either decrease or increase when signal precision
increases. More precisely, for any value of q, there exists a range of µ for which
expected ability increases, as well as a range of µ for which expected ability
decreases. The intuition is roughly as follows: The incumbent manager can
have either high ability or low ability. A high ability incumbent manager
promotes a worker with a low ability signal. A low ability incumbent manager
promotes a worker with a high ability signal. Noise, however, will imply
that sometimes the entrant’s ability will not correspond to her signal. In
this case, the incumbent has made a mistake. Conditional on having a high
ability incumbent, mistakes are good from the perspective of the principal,
in the sense that a mistake implies that a high ability worker has been
promoted—i.e., more noise increases the expected ability of the promoted
worker conditional on the incumbent having high ability. If instead, the
incumbent has low ability, mistakes are bad from the perspective of the
principal, in the sense that a low ability worker has been promoted—i.e.,
more noise decreases the expected ability of the promoted worker conditional
on the incumbent having low ability. How much noise affects the mistake
probabilities depends on the share of high ability workers on the bottom tier,
µ. Therefore, whether more precision increases or decreases the expected
ability of the promoted worker depends on both q and µ, such that for any
q it can either increase or decrease conditional on picking an appropriate µ.
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2.4.2 Expected Ability of the Promoted Manager

We now consider which promotion scheme maximizes the expected ability
of the manager promoted to the highest tier of the organization. Under the
seniority scheme, this expected ability is uniquely pinned down by q. Under
the competitive scheme, however, the expected ability of the promoted
manager depends on the expected ability of the worker who was previously
promoted and on the winning probability of a high ability player in the
all-pay contest. This implies that the seniority scheme is maximizing the
expected ability of the promoted manager if q is sufficiently large. The next
proposition states this.

Proposition 2.3. The seniority scheme maximizes the expected ability of the
promoted manager if

q > q̂(w, p, µ).

The threshold q̂ is increasing in ability difference (h− l) and µ. The threshold
can either increase and decrease in p depending on appropriate parameter
choices.

The threshold level q̂(w, p, µ) is given in the proof of the proposition,
which is in Appendix D. The main insight of the result is intuitive: When
q is higher, the expected ability of the promoted manager increases under
the seniority scheme and, hence, q must be beyond some threshold for the
seniority scheme to be optimal. It is similarly intuitive that the threshold is
increasing in ability difference: An increase in the ability difference leads to
an increase in w. An increase in w makes the competitive scheme relatively
stronger, and, hence, the competitive scheme dominates for lower values of q.
The intuition for the effect of a change in µ is more nuanced: Fixing q, good
mistakes become more likely while bad mistakes become less likely when we
increase µ. This makes the moral hazard induced by the contest less of a
concern. The selection advantage of contests then starts to dominate for
lower q, even when accounting for the moral hazard in the worker promotion
stage.

Even more nuanced is the effect of a change in the precision p. From
Proposition 2.2, we know that the expected ability of the promoted worker
depends crucially on q, p, and µ. Naturally, this dependency therefore
carries over to the expected ability of the promoted manager. The following
lemma provides a necessary intermediate step to characterize this relation
more carefully.
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Lemma 2.4. Define the threshold noise level

pt :=
q ((µ− 1)2 + (2µ− 1)w)− µ2w

(2µ− 1)(q(µ+ w − 1)− µw)
. (2.3)

If and only if pt ∈ (1
2
, 1), pt partitions the open interval (1

2
, 1) into two sub-

intervals, whereby the expected ability of the promoted manager is maximized
by the seniority promotion scheme when p is an element of one sub-interval,
and by the competitive promotion scheme if p is an element of the other
sub-interval. We have that pt ∈ (1

2
, 1) if and only if either of the following

conditions hold

q ≤ 1

2
and µ <

qw − q

2qw − q − w
1

2
< q and w < q and

qw − q

2qw − q − w
< µ

1

2
< q and q < w and µ <

qw − q

2qw − q − w
.

If, instead, pt /∈ (1
2
, 1), we have that either the competitive promotion scheme,

or the seniority promotion scheme maximizes the expected ability of the
promoted manager for all levels of noise p ∈ (1

2
, 1).

Lemma 2.4 states that if a specific threshold value, pt, of precision exists,
then for any precision below that threshold level one of the two schemes
maximizes the expected ability of the promoted manager, whereas for any
precision above the threshold, the other promotion schemes maximizes this
expected ability. The threshold level exists if one of three conditions holds.

Let us briefly interpret these conditions: The first condition states that
when q ≤ 1/2—i.e., when q is relatively small—then µ must be sufficiently
small, too, for the threshold value pt to exist. If µ would be very high
instead, then the seniority scheme is always relatively unattractive—i.e.,
competition is always preferred and hence no pt exists.

The second condition states that when q > 1/2—i.e., q is relatively
large—and w < q—i.e., ability difference is small relative to q—then we
require µ to be sufficiently large for the threshold value pt to exist. A large
q in principle favors the seniority scheme. A small w further favors the
seniority scheme. Therefore, if µ would be very small instead, the seniority
scheme would be favored even more and, hence, the competitive scheme
would never be optimal—i.e., no pt would exist. The third condition is
exactly reverse to the second, and so is its intuition.

Notice that the interpretation of the three conditions has a close connec-
tion to Proposition 2.2: First, whether the threshold level exists depends
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on the prior probability of the incumbent manager having high ability, q.
Second, changes in q can, at least to some extend, be offset by appropriate
changes in µ to maintain the existence of the described threshold, pt. The
result essentially maintains these ingredients while adding the additional
parameter of w.

Although Lemma 2.4 is somewhat technical, it is crucial for our main
result. When a partitioning value pt exists, Lemma 2.4 states that on the
interval p ∈ (1

2
, 1) there are two sub-intervals, one in which competition is

preferred and one in which seniority is preferred. Whether high noise favors
competition or seniority, however, is not immediately obvious. Indeed, the
effect of noise is ambiguous and can favor either scheme, depending on other
parameter values. The next proposition summarizes this.

Proposition 2.4. Assume that the threshold noise level pt ∈ (1
2
, 1) exists.

1. If µ < 1/2, the seniority scheme maximizes the expected ability of the
promoted manager if and only if signals are sufficiently noisy: p < pt.

2. If µ > 1/2 , the seniority scheme maximizes the expected ability of
the promoted manager if and only if signals are sufficiently precise:
p > pt.

3. If µ = 1/2, noise does not affect which promotion scheme maximizes
the expected ability of the promoted manager.

We can see from Proposition 2.4 that noise plays an important role in the
choice of the optimal promotion mechanism. The intuition, which we will
unpack further below, relies heavily on Proposition 2.2, which has shown that
the expected ability of the promoted worker can both decrease or increase
in signal precision, and the direction depends on the share of high ability
workers. Similarly, exactly how precision affects the optimal choice when the
goal is to maximize the expected ability of the promoted manager depends
crucially on the share of high ability workers. Specifically, if the share of high
ability workers is small, then more noise favors the seniority scheme; if the
share is large instead, more noise favors the competitive scheme. Figure 2.2
below illustrates this with two numerical examples. It shows the expected
ability of the contest winner under seniority (blue line) and competition
(red line) for µ < 1/2 (Figure 2.2a) and for µ > 1/2 (Figure 2.2b) for the
stated parameter combinations. The blue shaded area indicates precision
levels under which the seniority scheme maximizes the expected ability of
the contest winner. The red shaded area corresponds to precision levels
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To further unpack the intuition, let us hark back to Proposition 2.3:
First note that the seniority scheme is generally superior if q is sufficiently
high. Because signal precision p partially determines the expected ability
of the promoted worker in the previous stage, what constitutes a q that is
“sufficiently high” depends on p as well. The reasoning of how this result
depends on p is therefore very similar to the role that p plays in Propo-
sition 2.2: A high ability incumbent manager will sometimes mistakenly
promote a high ability worker (a “good” mistake), whereas a low ability
incumbent manager will sometimes mistakenly promote a low ability worker
(a “bad” mistake). The probability of making these mistakes depends on
the share of high ability workers. And, even more crucially, the change in
the mistake probability with a change in precision depends on the share
of high ability workers. This means that, unless the ability distribution
among the workers is symmetric, the change in the mistake probability that
comes with a change in precision will be asymmetric. Precisely because the
change in mistake probability is asymmetric in these cases, depending on
an appropriate q, increasing precision can either increase or decrease the
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on the prior probability of the incumbent manager having high ability, q.
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2
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2
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the expected ability of the promoted manager.

We can see from Proposition 2.4 that noise plays an important role in the
choice of the optimal promotion mechanism. The intuition, which we will
unpack further below, relies heavily on Proposition 2.2, which has shown that
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share is large instead, more noise favors the competitive scheme. Figure 2.2
below illustrates this with two numerical examples. It shows the expected
ability of the contest winner under seniority (blue line) and competition
(red line) for µ < 1/2 (Figure 2.2a) and for µ > 1/2 (Figure 2.2b) for the
stated parameter combinations. The blue shaded area indicates precision
levels under which the seniority scheme maximizes the expected ability of
the contest winner. The red shaded area corresponds to precision levels
under which competitive promotions are preferred.
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First note that the seniority scheme is generally superior if q is sufficiently
high. Because signal precision p partially determines the expected ability
of the promoted worker in the previous stage, what constitutes a q that is
“sufficiently high” depends on p as well. The reasoning of how this result
depends on p is therefore very similar to the role that p plays in Propo-
sition 2.2: A high ability incumbent manager will sometimes mistakenly
promote a high ability worker (a “good” mistake), whereas a low ability
incumbent manager will sometimes mistakenly promote a low ability worker
(a “bad” mistake). The probability of making these mistakes depends on
the share of high ability workers. And, even more crucially, the change in
the mistake probability with a change in precision depends on the share
of high ability workers. This means that, unless the ability distribution
among the workers is symmetric, the change in the mistake probability that
comes with a change in precision will be asymmetric. Precisely because the
change in mistake probability is asymmetric in these cases, depending on
an appropriate q, increasing precision can either increase or decrease the
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expected ability of the promoted manager under the competitive scheme.
Because the expected ability of the promoted manager is fixed under the
seniority scheme, this implies that noise can sometimes favor and sometimes
disfavor the competitive scheme.

We can also look it this more formally by investigating the probabilities
that a worker who produced a high signal has low ability and that a worker
who produced a low signal has high ability. The corresponding expressions
are

Pr[ai = l|ãi = h] = 1− µp

µp+ (1− µ)(1− p)
, and (2.4)

Pr[ai = h|ãi = l] = 1− (1− µ)p

(1− µ)p+ µ(1− p)
, (2.5)

respectively, following from Bayes’ rule as stated in expression (2.1). Dif-
ferentiating (2.4) and (2.5) with respect to p allows us to compare how the
mistake probabilities for both types of incumbent managers change when
increasing precision.12 For µ < 1/2, we get

∂ Pr[ai = l|ãi = h]

∂p
<

∂ Pr[ai = h|ãi = l]

∂p
, (2.6)

In words, when the share of high-ability workers is low, the probability
that a low-ability worker produces a high signal decreases more than the
probability that a high-ability worker produces a low signal when precision
increases. This result directly implies that, as noise increases, mistakes in the
promotion of workers that are harmful to the organization become relatively
more likely and, hence, more noise favors the seniority scheme. This is
precisely the intuition behind the result stated in case 1 of Proposition 2.4.

The converse holds true when the share of high-ability workers is high
(µ > 1/2). As noise increases, it becomes relatively more likely for an
incumbent manager to unintentionally promote a high-ability worker. Hence,
less noise favors the seniority scheme in this case. Formally, this is implied
by the observation that

∂ Pr[ai = l|ãi = h]

∂p
>

∂ Pr[ai = h|ãi = l]

∂p
, (2.7)

12The explicit derivatives are:

∂ Pr[ai = l|ãi = h]

∂p
=

pµ(2µ− 1)

((1− p)(1− µ) + pµ))
2 − µ

(1− p)(1− µ) + pµ
< 0,

∂ Pr[ai = h|ãi = l]

∂p
=

p(1− 2µ)(1− µ)

(p(1− µ) + (1− p)µ)
2 − 1− µ

p(1− µ) + (1− p)µ
< 0.
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when µ > 1/2.
Finally, when the shares of low- and high-ability workers are the same

(µ = 1/2), both types of signals are equally informative and, hence, noise
enters the expected ability of the contest-winner symmetrically. As a result,
noise plays no role in this case. Formally,

∂ Pr[ai = l|ãi = h]

∂p
=

∂ Pr[ai = h|ãi = l]

∂p
, (2.8)

when µ = 1/2.
Proposition 2.4, therefore, implies that whether an organization should

use a competitive or a seniority-based promotion scheme—when its goal is to
maximize the expected ability of the promoted manager—depends crucially
on the interplay between how talent is distributed at the organization’s
bottom tier and how noisy the information transmission about abilities from
the bottom to the middle tier is.

There are reasons for why one would either expect µ < 1/2 or µ > 1/2 in
different scenarios. In one interpretation of our model, for example, we can
think of the workers not as the lowest tier of the organization, but rather as
a pool of outsiders from which hiring takes place. Then, this pool consists
essentially of the entire population of job-seekers and therefore it is plausible
to assume that ability—regarding the task at hand—is more likely to be
low—i.e., µ < 1/2. Instead, we can go with our initial assumption where
workers were indeed thought of as the lowest tier within our organization. In
many firms—especially in management consultancy, law, finance and “Big
Tech” (Popomaronis 2019)—, it is common practice to undertake intense
ability screenings even for the lowest tier of hires. It is plausible to assume
that ability is likely to be high—i.e., µ > 1/2—in such cases.

2.5 Effort and Ability Across the Hierarchy: a

Dilemma

In this section, we highlight several trade-offs that the principal faces when
choosing a promotion scheme, suggesting that the optimal choice depends
on the particular organizational characteristics at hand.

So far, we have discussed that the principal might employ the different
promotion schemes to maximize either talent on the middle tier or the
highest tier of the organization. We have not commented on effort incentives
yet. One additional benefit of contests that goes beyond selection power,
however, is precisely that they incentivize effort.
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∂p
, (2.7)

12The explicit derivatives are:

∂ Pr[ai = l|ãi = h]
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however, is precisely that they incentivize effort.
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Indeed, in the real world, organizations may not only care about an
efficient allocation of talent, but also about incentivizing its members. From
our previous analysis, however, it is easy to see that there may exist trade-
offs between these differing objectives. Let us first consider a trade-off
between incntivizing effort and the expected ability on the middle tier.
The competitive promotion scheme always incentivizes the managers to
exert effort (beyond some assumed base level of effort that one could justify
through various assumptions—e.g., an intrinsic passion for the job or the fear
of being fired if certain performance goals are not realized). The seniority
scheme fails to do so. Hence, the competitive promotion scheme will always
maximize effort on the management level of the organization. At the same
time, Proposition 2.1 shows that expected abilities on the management level
will always be maximized by the seniority scheme. This highlights a crucial
dichotomy between selection efficiency and extrinsic motivation induced by
competition.

Now let us consider the possible trade-offs the principal faces when she
wants to maximize the expected ability on the top tier. From Proposition 2.4
we know that when µ < 1/2 and p < pt, this objective is achieved by em-
ploying the seniority scheme. If p > pt instead, the competitive scheme fares
better. This also implies that when p < pt, the objectives of maximizing
both the expected ability of the promoted workers and the promoted man-
agers are aligned. Instead, if p > pt, the objectives of maximizing effort and
maximizing the expected ability of the promoted managers are aligned. In
the case where µ > 1/2, the logic is reversed.

The following proposition summarizes these trade-offs.

Proposition 2.5. Assume that pt exists. Furthermore, suppose that the share
of high-ability workers is low, µ < 1/2.

1. If p < pt, the principal maximizes both the expected ability of the
promoted workers and the promoted managers by choosing the seniority
scheme. She minimizes managers’ expected effort.

2. If pt < p, the principal maximizes both the expected ability of the
promoted managers and the managers’ expected effort by choosing the
competitive scheme. She minimizes the expected ability of promoted
workers.

Now, suppose that the share of high-ability workers is high, µ > 1/2.

3. If p < pt, the principal maximizes both the expected ability of the
promoted managers and the managers’ expected effort by choosing the
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competitive scheme. She minimizes the expected ability of promoted
workers.

4. If pt < p, the principal maximizes both the expected ability of the
promoted workers and the promoted managers by choosing the seniority
scheme. She minimizes managers’ expected effort.

For the case where µ < 1/2, part 1 of Proposition 2.5 points out that
if the incumbent manager receives sufficiently noisy signals regarding the
workers’ abilities, there is a trade-off between the expected abilities of
the promoted managers and managers’ incentives to exert effort. Part 3
provides the analogous result for the case where µ > 1/2. This can be
problematic since most organizations depend on both talented employees
rising to high levels of the organization and employees working hard. The
optimal promotion mechanism, therefore, depends crucially on how much
value a given organization puts on either of these objectives. In practice, this
may be different for different organizations: Some firms may hire from a more
homogeneous pool of applicants—for example, because the work requires
a very specific education which reduces intrinsic differences in ability. If
effective abilities are more homogeneous, it appears plausible that promoting
a low-ability employee is less harmful to the firm as the difference between
a low-ability and a high-ability employee is not as large. Therefore, such
organizations may want to put more importance on incentivizing effort. This
favors the competitive promotion scheme. Other organizations, however,
may hire employees with strong intrinsic motivation—for example, NGOs
(Leete 2000) and public sector employers (Finan, Olken, and Pande 2015).
Extrinsic rewards may not lead to significant increase in effort.13 Such
organizations may favor seniority-based promotion mechanisms.14

13It may even crowd out effort as shown in Gneezy and Rustichini (2000) and Gneezy,
Meier, and Rey-Biel (2011).

14There are other reasons for why organizations might face a trade-off between providing
effort incentives and maximizing the expected abilities of the employees they promote.
Tsoulouhas, Knoeber, and Agrawal (2007), for example, point out that in a contest
between current employees of the organization and outsiders, whether the two objectives
can be aligned depends crucially on how insider and outsider abilities differ. Similarly,
Stracke et al. (2015) show that the trade-off exists for a principal who can choose between
a dynamic and a static version of the same contest. Finally, Denter, Morgan, and Sisak
(2022) establish the trade-off in a model where a newcomer can choose to signal their
ability to the incumbent against whom they compete.
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For the case where µ < 1/2, part 2 of Proposition 2.5 states that
if the incumbent manager receives signals that are too precise regarding
the workers’ abilities, there is a trade-off between the expected abilities
of the promoted workers and the promoted managers. Part 4 provides
the analogous result for the case where µ > 1/2. The result may seem
counterintuitive at first. After all, the promoted workers constitute the pool
of managers from which managers will be selected to rise to higher levels
of the organization. It would seem logical that the expected ability of a
promoted manager should increase with the expected ability of the pool
of managers from which the promotion happens. To understand the logic
that drives the surprising result, we want to point out that the competitive
promotion scheme always maximizes the expected ability of the manager
who is promoted when keeping the pool of managers fixed. In other words,
and as pointed out in the introduction of this article, contests have value as
talent-identification device. While the seniority scheme always maximizes
the expected ability of promoted workers—i.e., the pool of contestants—if
the incumbent manager receives too imprecise signals of the workers’ abilities,
she can make less strategic decisions, and, hence, the expected ability of
promoted workers is less sensitive to the chosen promotion scheme. In such a
case, the benefits of the competitive scheme as a talent-identification device
outweigh the negative effect of creating a moral hazard problem.

This is a pessimistic result for organizations that are interested in al-
locating talented employees to both the top and the middle tiers of the
hierarchy. Whereas it is not obvious how an organization should deal with
this potential trade-off, recent evidence stresses the importance of good
middle managers for firm performance (Mollick 2012; Giardili, Ramdas, and
Williams 2022). In our framework, placing great importance on the quality
of middle managers would generally favor the seniority scheme.

2.6 Discussion

In this section we want to discuss some implications of our paper that go
beyond what we have analyzed formally. We will touch on three points, (i)
within firm wage inequality, (ii) promotion rates, and (iii) incentives on the
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For the case where µ < 1/2, part 2 of Proposition 2.5 states that
if the incumbent manager receives signals that are too precise regarding
the workers’ abilities, there is a trade-off between the expected abilities
of the promoted workers and the promoted managers. Part 4 provides
the analogous result for the case where µ > 1/2. The result may seem
counterintuitive at first. After all, the promoted workers constitute the pool
of managers from which managers will be selected to rise to higher levels
of the organization. It would seem logical that the expected ability of a
promoted manager should increase with the expected ability of the pool
of managers from which the promotion happens. To understand the logic
that drives the surprising result, we want to point out that the competitive
promotion scheme always maximizes the expected ability of the manager
who is promoted when keeping the pool of managers fixed. In other words,
and as pointed out in the introduction of this article, contests have value as
talent-identification device. While the seniority scheme always maximizes
the expected ability of promoted workers—i.e., the pool of contestants—if
the incumbent manager receives too imprecise signals of the workers’ abilities,
she can make less strategic decisions, and, hence, the expected ability of
promoted workers is less sensitive to the chosen promotion scheme. In such a
case, the benefits of the competitive scheme as a talent-identification device
outweigh the negative effect of creating a moral hazard problem.

This is a pessimistic result for organizations that are interested in al-
locating talented employees to both the top and the middle tiers of the
hierarchy. Whereas it is not obvious how an organization should deal with
this potential trade-off, recent evidence stresses the importance of good
middle managers for firm performance (Mollick 2012; Giardili, Ramdas, and
Williams 2022). In our framework, placing great importance on the quality
of middle managers would generally favor the seniority scheme.

2.6 Discussion

In this section we want to discuss some implications of our paper that go
beyond what we have analyzed formally. We will touch on three points, (i)
within firm wage inequality, (ii) promotion rates, and (iii) incentives on the
bottom tier.

Wage Inequality. Our results may have implications for the wage structure
within the organization. Suppose, for example, that a principal has selected
the seniority scheme. In this case, the selected promotion scheme will
not incentivize effort beyond some baseline level on the middle tier of the
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organization. As a result, the principal is not benefiting from a steep wage
increase from the middle to the top tier. This suggests that the seniority
scheme will result in a relatively low wage inequality between the middle
and the top tier compared to the competitive scheme.

Additionally, the seniority scheme may affect the wage inequality between
the bottom and the middle tier. Suppose that competing organizations
are able to observe the promotion scheme chosen by our organization, or,
almost equivalently, receive an informative signal about it. Then, competing
organizations will reason that the expected ability of the middle tier of
our organization is relatively high. This will yield higher outside options
for agents employed on the middle tier of our organization. As a result, if
we maintain the assumption that our organization attempts to retain its
members, it will have to increase the wage on the middle tier. Because the
seniority scheme has no obvious implication for the optimal wage on the
bottom tier, this implies that wage inequality between the bottom and the
middle tier will be relatively large compared to the competitive scheme.

Promotion Rates. Our analysis has often highlighted the importance of
precision for the choice of the optimal promotion scheme. This importance
suggests an obvious question: Can the principal sometimes affect this
precision? In the real world, the signal is likely to arise due to the middle
manager observing her subordinates over time. Plausibly, therefore, we
would expect the precision of the signal to increase if the middle manager
observes her subordinates for a longer time. One way for the principal to
control this would be for her to implement rules on minimum or maximum
tenures at the worker level before a promotion to the next tier is possible—
for example by imposing an up-or-out rule. By introducing a minimum
tenure, the principal could increase precision, and conversely, by introducing
a maximum tenure, she could decrease precision. As we have shown, the
principal might sometimes benefit, and sometimes suffer from an increase in
precision, and as such, she may indeed have an interest to implement such
rules.

Bottom Tier Incentives. So far, we have only considered incentives on
the organizations middle tier and have stayed agnostic about how these
affect the behavior of workers on the bottom tier. This is because we have
assumed their signal to arrive exogenously. The main intuition behind
this assumption is that the work on the bottom tier of the hierarchy often
requires a fundamentally different set of skills compared to that of work on
the management level. Specifically, management skills that contribute to
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success at higher levels of the organization matters little in producing output
as a worker. It follows that organizing a promotion contest on the bottom
tier would most likely not generate much useful information about workers’
abilities in the dimension relevant on the middle tier of the organization.

Nevertheless, even performance on the bottom tier might sometimes
serve as a weak signal for ability on the middle tier and, hence, the middle
manager might still want to organize a promotion contest on the bottom
tier. Suppose that she indeed organizes such a contest in addition to the
ability signal we have considered throughout the paper. How the workers
respond to this depends crucially on their beliefs about the middle manager’s
ability. If they believe the middle manager to have low ability, they would
infer that she is trying to promote a high ability worker, and therefore the
workers would have an incentive to win the contest. In turn, workers will
work. The final signal the middle manager receives about workers’ ability is
then a combination of their contest performance and the exogenous signals.
Suppose, instead, that the workers believe the middle manager to have high
ability. In this case, they would infer that the middle manager wants to
promote a low ability worker. This provides perverse incentives to lose the
contest and, as a result, no worker would work. The final ability signal is
then solely provided by the exogenous signal.

Overall, this argument shows even more the severity of the moral hazard
problem we consider. Not only do competitive promotion schemes induce a
middle manager to promote untalented workers; additionally, workers now
also want to appear untalented. As a result, the spillovers of the competitive
promotion scheme extend to the bottom tier, where effort provision will now
be inefficiently low.

2.7 Conclusion

Contests are often regarded as meritocratic because they enable talented
players to rise through the ranks. In this paper, we have incorporated a
standard all-pay contest into a hierarchical organization. We have shown
that the meritocratic value of contests may be obscured: Implementing
promotion competitions on the middle level of an organization can create
negative spillovers to the management of lower levels, ultimately preventing
the promotions of talented employees. Indeed, in some settings contests
may help mediocre players to reach the top of the organizational hierarchy.
Recent industry surveys highlight the extent of this moral hazard problem,
implying the need for research on how organizations can deal with this issue
that could negatively impact long-term productivity. We have shown that
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reducing the competitiveness of the promotion mechanism and basing it
on seniority instead can fully alleviate any perverse incentives to promote
mediocre employees.

Somewhat more pessimistically, however, we have also identified a novel
trade-off that occurs in some settings: The policy which maximizes the
expected ability of players allocated to the organization’s middle tier can be
misaligned with the policy that maximizes the expected ability of players
allocated to the top tier. This trade-off hints at a deeper question regarding
our understanding of meritocracy. Indeed, whether a policy that blocks
talented players from reaching the middle tiers of an organization—even if,
conditional on reaching the middle tier, it helps them to reach the top—can
be regarded as meritocratic is perhaps more philosophical in nature.

Beyond this, our results make us wonder whether organizations in practice
employ seniority-based promotion schemes as a means of alleviating moral
hazard problems. Whereas this motive is hard to identify empirically,
certain types of organizations where the moral hazard problem is likely to
occur do indeed seem to be structured based on seniority—e.g., political
parties (Besley et al. 2017; Cirone, Cox, and Fiva 2021). Further (empirical)
research in this direction can yield important insights for the design of
efficient organizations.

2.A Appendix

2.A.1 Equilibrium in Two-Player All-Pay Auctions with

Very Large Head Start

If bias is large enough, the equilibrium derived in Kawamura and Barreda
(2014) does not hold any longer. Note that for at least one of the players,
the upper bound of the equilibrium effort distribution is strictly decreasing
in b for the case when:

1. bias favors the high ability player: c−1
l (v)− b for F ∗

h (xh),

2. large bias favoring the low ability player: c−1
h (v)− b for F ∗

l (xl),

3. and bias is favoring player i ≠ j when ai = aj : c
−1
i (v)− b for F ∗

i (xi).
15

Consequently, the equilibrium prescribes randomization over some strictly
negative effort levels when bias is large enough. Explicitly, we need to extend
the solution to cover b > c−1

l (v) when the bias favors the high ability player,
and b > c−1

h (v) when the bias favors the low ability player (same thresholds
apply for homogeneous ability pairs). We do this in the following lemma:

Lemma 2.5. In case of heterogeneous abilities, (1) if bias favors the high
ability player, for very large bias b ≥ b̄ ≡ c−1

l (v), both players submit zero
effort in equilibrium and the high ability player wins with probability one.
(2) If bias favors the low ability player, for very large bias b ≥ b̄ ≡ c−1

h (v),
both players submit zero effort in equilibrium and the low ability player wins
with probability one.16

15In Kawamura and Barreda (2014), there is no separation of this case since the initial
assumption covers the homogeneous cases (results from bias favoring the high ability
player can be used): ch(·) ≤ cl(·). Here I present the homogeneous cases separately for
clarity.

16Note, this corresponds to the degenerate equilibrium CDF in Kawamura and Barreda
(2014) when b = b̄.
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If abilities are homogeneous, then the bias threshold above which both
players submit zero effort and the favored player wins with probability one
becomes b̄ ≡ c−1

i (v), with ci(·) = c−i(·) for players i and −i.

Proof. In all cases, bias above b̄ is so large that for any feasible effort level
of the player with lower “reach”, the favored player will strictly outscore her
by submitting an effort of zero. It is then straightforward to see that the
player with lower “reach” will submit an effort of zero to minimize her effort
costs, while the favored player best-responds by also submitting zero effort.
The score of the favored player is then strictly greater than her opponent’s,
and therefore she wins the contest with probability one in equilibrium.

2.A.2 Extension to Positive Expected Penalties

We may assume, similarly to Haegele (2022), that the incumbent manager
faces a cost k > 0 from choosing a worker who produced a low signal.
This cost may reflect difficulty for the incumbent in presenting a low signal
candidate to other managers involved in the promotion decision (if this
decision is not made alone by the incumbent). If the principal has the
power to punish the manager who made the decision, k reflects the expected
punishment associated with being found to act against the principal’s best
interest.

Although we allow for k ̸= 0, we restrict our attention to cases where
expected penalty is small. We argue in the main text that we can consider
the expected penalty to be zero. Even if we allow for this term to be
nonzero, our arguments remain relevant, hence we may consider the size
of the expected penalty to be vanishingly small. We show that when this
is the case, we approximate the main results derive in the main text, even
though this assumption makes our problem intractable. To do so, we first
define the set of “intermediate” biases—biases that do not guarantee a win
for either players—that eliminates the moral hazard. We then show that
the lower bound of this set of intermediate biases equals c−1

h (v) in the limit
when k → 0. The limit equals the smallest bias that guarantees a win for
the incumbent. We also show that the expected ability of the promoted
manager equals that of the full seniority scheme in the limit when k → 0.

Intermediate Biases. When punishment is possible, such that k > 0 , the
principal may not be restricted to a promotion scheme that is strategically
equivalent to the full seniority promotion scheme if she wants to eliminate
moral hazard. She may set bias which leads to strictly positive win proba-
bility for both competing players, but still guarantees that the incumbent
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will promote a high signal worker. Let the lowest bias in the set of biases
that eliminates moral hazard but induces effort provision17 be defined

bmin ≡ min{b : ã−i = h, b < c−1
h (v)}.

Note, setting bias to bmin ≤ b < c−1
h (v) may or may not be preferred to

the full seniority scheme by the principal when she maximizes the expected
ability of the promoted manager.18

We show that the problem of finding bmin boils down finding the lowest
b, such that a low ability incumbent will want to promote a high signal
worker. First, note that if a fixed bias b

′
makes a low ability incumbent

promote a high signal worker, then the same bias b
′
will also guarantee

that a high ability incumbent makes the same promotion decision. This is,
however, no longer holds in the reverse case: if b

′′
guarantees that a high

ability incumbent selects a high signal worker, it may not guarantee that a
low ability incumbent will make the same promotion decision.

The intuition is simple: a high ability player always has weakly greater
win probability against any player than a low ability player, conditional
on holding bias fixed for both types of incumbent players. This result is of
course elementary when b = 0, but remains true with b > 0. To see this,
recall that win probability is weakly increasing in a player’s reach c−1

ai
(v + b)

(the maximum willingness to pay for the prize). Strict ability difference
requires ch(x) < cl(x) ∀ x > 0, which implies c−1

h (x) > c−1
l (x) ∀ x > 0.

From here we see that the reach must also be greater for the high ability
player as c−1

h (v + b) > c−1
l (v + b), and therefore the win probability must

also be weakly greater for him compared to that of a low ability player when
b is held constant across the two players.

Second, also note that guaranteeing a win against a high ability player
requires higher bias compared to guaranteeing a win against a low ability
player. We then have that finding bmin is equivalent to finding the lowest b,
such that a low ability incumbent will want to promote a high signal worker.

This restricts our candidate biases to b ∈
[
c−1
h (v) − c−1

l (v), c−1
h (v)

)
. The

upper bound is given by the lowest bias the guarantees a win for the low
ability incumbent. We are interested in biases that are “intermediate” in the

17Bias is such that both players have a strictly positive probability to win in equilibrium,
therefore their respective equilibrium CDF does not put all mass to zero.

18Consider the case when the probability that incumbent manager is high ability is
close to (or equals) one. Guaranteeing the promotion of this incumbent manager will
then lead to a higher expected ability of a promoted manager than another promotion
scheme which leads to a strictly positive probability that a promotee (who may be of low
ability) wins the biased promotion contest.
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therefore their respective equilibrium CDF does not put all mass to zero.

18Consider the case when the probability that incumbent manager is high ability is
close to (or equals) one. Guaranteeing the promotion of this incumbent manager will
then lead to a higher expected ability of a promoted manager than another promotion
scheme which leads to a strictly positive probability that a promotee (who may be of low
ability) wins the biased promotion contest.



92 TELLING TALENT

sense that they imply strictly positive win probability for both competing
players in equilibrium, therefore b = c−1

h (v) is not in the set of candidate
biases.

We can rewrite the sufficient condition for the incumbent to promote
a high signal worker, such that now we account for a positive expected
penalty:

Pr[a−i=h | ã−i=h]︷ ︸︸ ︷
µp

µp+ (1− µ)(1− p)
(Πai | b, a−i = h)

+

Pr[a−i=l | ã−i=h]︷ ︸︸ ︷(
1− µp

µp+ (1− µ)(1− p)

)
(Πai | b, a−i = l)

≥ (1− µ)p

(1− µ)p+ µ(1− p)︸ ︷︷ ︸
Pr[a−i=l | ã−i=l]

(Πai | b, a−i = l)

+

(
1− (1− µ)p

(1− µ)p+ µ(1− p)

)

︸ ︷︷ ︸
Pr[a−i=h | ã−i=l]

(Πai | b, a−i = h)− k.

We can simplify this expression to get a more general version of Equation 2.2—
we get back Equation 2.2 by setting k = 0. Replacing the weak inequality
sign with a strict equality provides us with the equation that implicitly
defines bmin

k

β
=

(
Πl | bmin, a−i = l

)
−

(
Πl | bmin, a−i = h

)
,

where

β ≡ (1− µ)p

(1− µ)p+ µ(1− p)︸ ︷︷ ︸
=Pr[a−i=l | ã−i=l]

+
µp

µp+ (1− µ)(1− p)︸ ︷︷ ︸
=Pr[a−i=h | ã−i=h]

−1 > 0.

When bmin ∈
[
c−1
h (v)− c−1

l (v), c−1
l (v)

]
, from Lemma 2.1 we have that

k

β
= v − cl

(
c−1
l (v)− bmin

)
− v + cl

(
c−1
h (v)− bmin

)

k

β
= cl

(
c−1
h (v)− bmin

)
− cl

(
c−1
l (v)− bmin

) (
> 0

)
.
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Note that

∂
[
cl
(
c−1
h (v)− b

)]

∂b
= −c

′

l

(
c−1
h (v)− b

)

<
∂
[
cl
(
c−1
l (v)− b

)]

∂b
= −c

′

l

(
c−1
l (v)− b

)
,

since c−1
l (v) < c−1

h (v) and c
′′

l > 0. This implies that the first term on the
right hand side (RHS) decreases faster, when increasing bias, hence the RHS
decreases as we increase bias. Using this observation, we also have that
when k is larger, the difference on the RHS needs to be larger as well. This
implies that bmin is lower: ∂bmin/∂k < 0.

If bmin ∈
[
c−1
l (v), c−1

h (v)
)
, then bmin is given by

k

β
= v − v + cl

(
c−1
h (v)− bmin

)

k

β
= cl

(
c−1
h (v)− bmin

)

c−1
l

(
k

β

)
= c−1

h (v)− bmin

bmin = c−1
h (v)− c−1

l

(
k

β

)
.

Having an explicit expression for bmin allows us to check some comparative
statics. First, we can show that bmin is increasing with prize v, given that
c′h > 0 and the inverse of a continuous monotone increasing function is also
increasing:

∂bmin

∂v
=

∂c−1
h (v)

∂v
> 0.

This is quite intuitive; for fixed expected punishment, increasing v increases
returns from promoting a low signal worker. The converse holds true when
increasing punishment k, ∂bmin/∂k < 0.

∂bmin

∂k
= −

(
c−1
l

)′ (k

β

)
< 0 ∀ k > 0.

Given that we have shown already that ∂bmin/∂k < 0 when bmin ∈
[
c−1
h (v)−

c−1
l (v), c−1

l (v)
]
, the same result for bmin ∈

[
c−1
l (v), c−1

h (v)
)
implies that bmin

decreases in k for all values of bmin.
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Furthermore, we have that bmin is increasing in β, the signal precision
accounting for the share of high ability players in the population.

∂bmin

∂β
=

k

β2

(
c−1
l

)′
(
k

β

)
> 0.

The principal has to bias the contest more in favor of the incumbent to
make the prospect of promoting a low signal worker less profitable when
the incumbent is more certain that choosing a low signal worker will indeed
lead to competing against a low ability worker.

Intermediate Bias in the Limit. We show that if the principal wants to
eliminate the moral hazard, biases that allow her to do so will get arbitrarily
close to c−1

h (v) as expected penalty k goes to zero. In other words, when
we compare the competitive promotion scheme that induces moral hazard
with those promotion schemes that eliminate moral hazard, we can focus
on the full seniority promotion scheme knowing that all alternatives will
approximate this case as expected penalty goes to zero. This is precisely
the comparison with consider in the main text, hence this result allows us
to argue that our analysis is relevant in this more general framework.

Lemma 2.6. When expected penalty is low such that k → 0, the lowest
bias bmin that guarantees the incumbent’s promotion of a high signal worker
approaches c−1

h (v).

Proof. We know that ∂bmin/∂k < 0, hence when k is small, the minimum
required bias to remove the moral hazard is large.

When k is so small that we need to set a bias c−1
l (v) < b, we know that

bmin with k ≠ 0 is in the interval
[
c−1
l (v), c−1

h (v)
)
. In this case we have an

explicit expression for bmin,

bmin = c−1
h (v)− c−1

l

(
k

β

)
.

We can easily take the limit as k → 0,

lim
k→0

bmin = lim
k→0

c−1
h (v)− c−1

l

(
k

β

)
= c−1

h (v).
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Expected Ability in the Limit. Note that when bmin does not guarantee
a win for the incumbent, the expected ability of the promoted manager is
given by

E
[
ai | xi > x−i, b = bmin

]
= qΓ + (1− q)Ξ,

with

Γ :=
µp

µp+ (1− µ)(1− p)
h

+

(
1− µp

µp+ (1− µ)(1− p)

)[
wh(b

min)h+ (1− wh(b
min))l

]

and

Ξ :=
µp

µp+ (1− µ)(1− p)

[
wl(b

min)l + (1− wl(b
min))h

]

+

(
1− µp

µp+ (1− µ)(1− p)

)
l,

where we introduce new notation wh(b) and wl(b), with wh(b) >
1
2
the win

probability of a high ability incumbent with bias b against a low ability
player. The win probability of a low ability incumbent with bias b against a
high ability player is given by wl(b).

When expected penalty k → 0, we know that bmin → c−1
h (v) from

Lemma 2.2, and therefore, both wh(b
min) → 1 and wl(b

min) → 1. We then
have that

lim
k→0

E
[
ai | xi > x−i, b = bmin

]
= E

[
ai | xi > x−i, b ≥ c−1

h (v)
]
= qh+(1−q)l.

In other words, the expected ability of the promoted manager with bias
bmin < c−1

h (v) approaches the expected ability of the promoted manager
under the full seniority scheme when expected penalty goes to zero. Even
though we cannot analyse when full competition dominates the promotion
scheme that solves the moral hazard problem if we allow for bmin that does
not guarantee the incumbent’s win, we can still conjecture that our results
from Lemma 2.4 onward hold for small enough expected penalty k.

2.A.3 Extension to Infinitely-Lived Organizations

We now consider a version of our model in which the organization expects
to be infinitely-lived and there is no discounting. The main purpose of this
exercise is to show that the intuition behind the main result derived in
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section 2.4 carries over to a dynamic setting: Perhaps surprisingly, there
exist (reasonable) parameter combinations for which an uncompetitive
seniority-based promotion scheme helps to allocate talented employees to
the top of an organization. This result is not immediately obvious as, in
the dynamic model, noise does not only affect the expected ability of the
manager promoted under the competitive scheme, but also the expected
ability of the manager promoted under the seniority scheme.

Before we proceed, we impose some additional assumptions: We assume
that each player lives at most two active periods. As active periods, we
count all periods in which a player is in the role of manager and therefore
has to make strategic decisions—specifically whom to promote and/or how
much effort to invest in the competition against this person. We assume
that if a player wins the competition between the two managers in the first
active period of her life, she collects the prize and leaves the game. Hence,
such a player has only lived for one period. Instead, if she does not win the
competition in her first active period, she receives nothing. Thereafter, she
chooses whom to promote to her level and has a second attempt at collecting
the prize—this time by competing against her own promotee. If she wins in
the second period, she collects the prize and leaves the game. If she loses
in the second period as well, she collects nothing and leaves the game. If
at some point during the game both managers leave at the same time, we
assume that two workers are randomly selected for promotion to fill the two
vacant positions. Allowing players to live either one or two periods helps us
to abstract away from the uninteresting case in which a player promotes a
worker, knowing that she will not compete against her because she will retire
before the competition stage. The moral hazard problem we are interested
in is clearly not a concern in this scenario.

Before we state the formal result, we consider the logic of the perfectly
competitive case. Like in the previous subsection, we assume that we start
with an incumbent manager who has expected ability qah + (1− q)l. For
clarity, we also assume that the incumbent manager is about to start the
second period of her active life, although this does not affect our results. As
a benchmark, we consider a scenario without noise—i.e., p = 1. It is useful
to briefly think about how the game could proceed over the following periods.
In the first period, a low ability incumbent manager promotes a high-ability
worker. If instead, the incumbent manager has high ability, she promotes a
low-ability worker. In the next period, if the winner has high ability, she
will promote a low-ability worker. If the winner has low ability, she will
promote a high-ability worker. In the case in which both managers have left
the game, of course, the next two workers’ abilities will be determined by a
random draw. The main take away from this consideration is that, in all
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cases except the last, the contest will be balanced in the sense that there
will always be one high-ability manager competing against one low-ability
manager. Hence, in these cases, the expected ability of the winner will be
the same as the expected ability from the contest winner as considered in
Section 3,

wah + (1− w)l. (2.9)

The remaining question is what happens when signals are noisy instead—
i.e., p ∈ (1/2, 1). Deriving an explicit expression for the expected ability of
any period winner in this case is an intractable task. We will, instead, define
the average expected ability of all promoted managers from the perspective
of the infinitely lived firm as

Ψ(p) := lim
T→∞

{∑T
t=1 E [ai,t | xi,t > x−i,t]

T

}
(2.10)

where T denotes the number of periods and E [ai,t | xi,t > x−i,t] is a function
of p. We are interested in how this expression changes with p. Let us first
consider the case in which the share of high-ability workers is small—i.e.,
µ < 1/2. In this case, Ψ(p) is increasing in p. The reason is as follows: Both
types of incumbent managers want to promote a worker of the opposite type.
Incorporating noise implies that they will sometimes accidentally promote a
worker of their own type. This is more harmful to the organization in the
case where a low-ability incumbent manager makes the mistake. However,
since the incumbent manager who makes the promotion decision is the one
who previously lost the contest, and since a low-ability manager will, on
expectation, lose the contest more often, low-ability managers will be in the
position of making promotion decisions more often. Therefore, of the two
possible types of mistakes, a low-ability incumbent manager unintentionally
promoting a low-ability worker will happen more often, which reduces the
expected ability of the period winner compared to ??. The expected ability
of the period winner is unaffected by noise in any period in which the
competitors are a random draw from the pool of workers.

In the case in which the share of high-ability workers is high, µ > 1/2,
the effect of p on Ψ is ambiguous. This is because the effect described for
the opposite case still holds. Additionally, however, we have to consider the
change in relative signal informativeness described in the previous section:
when µ is high, high signals provide relatively more information then low
signals and this effect is exacerbated in noise. This means that with higher
noise, low-ability incumbent managers will become relatively more likely to
succeed in their attempt to promote a high-ability worker.
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We proceed by discussing the expected ability of the promoted manager
when the seniority scheme is used. Again, we assume that the expected
ability of the incumbent manager is given by qah+(1−q)l, but the importance
of q vanishes because the organization is assumed to be infinitely-lived. In
the first period, the incumbent manager, independent of her own ability,
intends to promote a high ability worker. She succeeds with probability

µp

µp+ (1− µ)(1− p)
. (2.11)

Thereafter, she will be promoted to a higher position given her seniority. Now
her promotee is tasked with promoting a worker to the vacant management
position. Since she has no cost of promoting a high-ability worker, but faces
costs k for promoting a worker who produced a low signal, she, again, intends
to promote a high-ability worker and succeeds with the same probability as
her predecessor. Thereafter, she is promoted herself to the higher position.
By repeating this argument indefinitely, we can establish that the average
expected ability as T → ∞ is given by

µp

µp+ (1− µ)(1− p)
ah +

[
1− µp

µp+ (1− µ)(1− p)

]
l (2.12)

Using these observations, we are ready to state the following proposition.

Proposition 2.6.

1. For any p > 1/2, the expected ability of the worker who fills the vacant
management position is higher under the seniority scheme compared
to the fully competitive promotion scheme.

2. The expected ability of the promoted manager is higher under the
seniority scheme compared to the fully competitive scheme for any
p ∈ P ⊆ [1/2, 1] such that

Ψ(p) <
µp

µp+ (1− µ)(1− p)
h+

[
1− µp

µp+ (1− µ)(1− p)

]
l. (2.13)

3. We have that P ̸= ∅ and P ̸= {1}.

Proof: Parts 1 and 2 follow from the arguments made in the main text.
To see that part 3 is true, note the following: When signals are noiseless
(p = 1), the expected ability of any manager who is promoted under the
seniority scheme is given by h. When p decreases, so does expected ability—
continuously. Instead, let us look at the expected ability of the contest
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winner from the fully competitive scheme, again when signals are noiseless.
In any period in which the contest takes place after only one worker was
promoted, the expected ability of the period winner is given by

wh+ (1− w)l. (2.14)

In any period in which the contest takes place after two workers have been
promoted, the expected ability of the contest winner depends also on µ. In
this case, explicitly, expected ability of the winner is:

µ2h+ (1− µ)2l + 2
(
µ− µ2

)
[wh+ (1− w)l] ,

where µ2 is the probability that both workers who are promoted at the same
time are of high ability, (1 − µ)2 is that they are both of low ability and
2(µ− µ2) is the probability that they are of different ability, in which case
the expected ability of the winner is given, again, by expression (2.14). The
crucial part, however, is that there is always a discrete difference between
the expected ability of the winner of the contest in any given period. Now,
consider what happens when we add noise. In the case where µ < 1/2, noise
decreases the average expected ability of the contest winner. This follows
from arguments made in the main text. Similarly, it follows from the main
text that, when µ > 1/2, the direction of the effect of noise is ambiguous.
Crucially, however, in both cases, the average expected winner is continuous
in noise. This is because the average expected ability is continuous in
the expected abilities of both competitors of the contest and the expected
abilities of the competitors are continuous in noise. This follows from the
expressions derived using Bayes’ rule. By continuity of the expected abilities
of the promoted managers under both the contest and the seniority scheme
follows that there exists some non-empty set of values p for which (2.13)
holds (i.e., P ≠ ∅) and that this set contains cases with strictly positive
noise (i.e., P ̸= {1}).

Proposition 2.6 states that the seniority scheme is always preferred by
the principal if her objective is to maximize the expected ability of the
worker selected to fill the vacant management position (Part 1)—i.e., it
implies that Proposition 2.1 carries over to the game with infinitely-lived
firms. Parts 2 and 3 state that the seniority scheme is preferred if the signals
about workers’ abilities received by the incumbent managers are sufficiently
precise and her objective is to maximize the expected ability of the promoted
manager —i.e., the main insight from Proposition 2.4 carries over to the
game with infinitely lived firms: Making promotions from the middle to
the top tier uncompetitive can increase the ability of those managers who
are promoted. The intuition is as follows: The seniority scheme guarantees
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that the incumbent managers always want to promote a high-ability worker.
Therefore, if the signals are noiseless, it is obvious that the seniority scheme
is superior at identifying talent. When the signals become less precise,
however, incumbent managers will sometimes promote low-ability workers
even in the seniority scheme. Given that sometimes low-ability workers
manage to be promoted to a management position, the competitive scheme
becomes relatively more valuable as a mechanism to identify talent.

One difference compared to Proposition 2.4 is that in the one-period
model, there exist parameter combinations such that the threshold above
which the seniority scheme is optimal is above one. For such parameter
combinations, hence, the seniority scheme can never be optimal. This
is different in the dynamic model with infinite periods. This difference is
driven by the optimal policy’s dependence on the principal’s beliefs regarding
the first period incumbent manager’s ability in the one-period model. For
example, when the principal believes with probability one that the incumbent
manager has low ability, the seniority scheme clearly cannot be optimal. In
the model with an infinitely-lived firm, however, the importance of these
beliefs vanishes.

Furthermore, for other parameter combinations, Proposition 2.4 yields
the result that the seniority scheme is always optimal. Due to the mathe-
matical intractability of the problem, we are unable to demonstrate whether
this is the case for infinitely-lived firms too. It is important to note, how-
ever, that the version of the model with infinitely-lived firms we consider
is without discounting. The one-period model instead, can be interpreted
as a special case of the model with an infinitely-lived firm that cares only
for the outcome of the first period. Any other scenario is an intermediate
case between these two cases. As such, we expect that the behavior of the
threshold value is intermediate too. The logic is that the importance of
the first-period beliefs vanishes in the model without discounting. With
sufficient discounting, however, the importance of these beliefs increases and,
hence, they play a role in the design of the optimal policy.

2.A.4 Proofs

Proof of Lemma 2.1

Follows from Kawamura and Barreda (2014) and Lemma 2.5 in subsec-
tion 2.A.1.
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Proof of Lemma 2.2

First, take the sufficient condition to promote a high signal worker:

(Πai | b, a−i = h) ≥ (Πai | b, a−i = l)

Now note that the expected payoff from competing against a player of low
ability is always weakly greater than the expected payoff from competing
against a high ability opponent,

(Πai | b, a−i = l) ≥ (Πai | b, a−i = h) .

These weak inequalities can only hold at the same time if

(Πai | b, a−i = l) = (Πai | b, a−i = h) .

From Lemma 2.1, we can see that these expected payoffs equal if and only
if the incumbent is guaranteed to win against a player of any ability type,
i.e. bias is such that

c−1
h (v) ≤ b.

The strategic equivalence between c−1
h (v) ≤ b and b → ∞ follows from

Lemma 2.5. This result holds for both types of incumbents.

Proof of Lemma 2.3.

Equilibrium Promotion Decision under Full Seniority (b → ∞). When
promotion is guaranteed for the incumbent manager, her payoff is unaffected
by her promotion decision. Since we assume that the incumbent promotes
a high signal worker if she is indifferent between promoting a high signal
worker and promoting a low signal worker, it follows that she promotes a
high signal worker in equilibrium.

Equilibrium Promotion Decision under Full Competition (b = 0). We
first look at the high ability incumbent managers’ incentives. The sufficient
condition for a high ability incumbent to promote a high signal worker is
given by

(Πh | b = 0, a−i = h) ≥ (Πh | b = 0, a−i = l) .

Note that when abilities are homogeneous (a−i = h) and b = 0, the
incumbent’s expected ability will be zero. Using this observation and replac-
ing (Πh | b = 0, a−i = l) with the appropriate expression from Lemma 2.1,
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we have

0 ≥ v − ch
(
c−1
l (v)

)

ch
(
c−1
l (v)

)
≥ v.

This inequality is never satisfied given strict ability difference, hence we
know that a high ability incumbent will promote a low signal worker when
b = 0.

It is clear from Lemma 2.1 that a low-ability incumbent manager earns
an expected payoff of zero regardless of her opponent’s ability in an unbiased
contest (b = 0), hence she is indifferent between promoting a high signal
or a low signal worker. It follows then that she promotes the worker who
produced the high signal.

Proof of Proposition 2.1

Follows immediately from Lemma 2.3.

Proof of Proposition 2.2

To prove part (1) differentiate the expected ability under the seniority scheme

µp

µp+ (1− µ)(1− p)
· h+

(
1− µp

µp+ (1− µ)(1− p)

)
· l

with respect to p and µ to get

∂E[ai]
∂p

= (h− l)
(1− p)p

((2µ− 1)p+ 1− µ)2
> 0,

∂E[ai]
∂µ

= (h− l)
(1− µ)µ

((2µ− 1)p+ 1− µ)2
> 0.

To prove part (2), consider the following: Under the competitive scheme,
the expected ability of the promoted worker from the perspective of the
principal is given by

q

[
(1− µ)p

(1− µ)p+ µ(1− p)
· l +

(
1− (1− µ)p

(1− µ)p+ µ(1− p)

)
· h

]

+ (1− q)

[
µp

µp+ (1− µ)(1− p)
· h+

(
1− µp

µp+ (1− µ)(1− p)

)
· l
]
,
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taking the derivative with respect to p yields

q

[(
∂ Pr[ai = h|ãi = l]

∂p

)
h−

(
∂ Pr[ai = h|ãi = l]

∂p

)
l

]

+ (1− q)

[(
∂ Pr[ai = l|ãi = h]

∂p

)
l −

(
∂ Pr[ai = l|ãi = h]

∂p

)
h

]
,

where

∂ Pr[ai = l|ãi = h]

∂p
=

pµ(2µ− 1)

((1− p)(1− µ) + pµ))2
− µ

(1− p)(1− µ) + pµ
< 0

and

∂ Pr[ai = h|ãi = l]

∂p
=

p(1− 2µ)(1− µ)

(p(1− µ) + (1− p)µ)2
− 1− µ

p(1− µ) + (1− p)µ
< 0

Simplifying gives us

q

[(
p(1− 2µ)(1− µ)

(p(1− µ) + (1− p)µ)2
− 1− µ

p(1− µ) + (1− p)µ

)
(h− l)

]

+ (1− q)

[(
pµ(2µ− 1)

((1− p)(1− µ) + pµ))2
− µ

(1− p)(1− µ) + pµ

)
(l − h)

]
.

By flipping the signs in the second line, it becomes easier for us to investigate
the sign of the overall expression. Let us check when the expression is
positive—i.e., when noise reduces the expected ability of promoted workers.
We can write

q

[(
p(1− 2µ)(1− µ)

(p(1− µ) + (1− p)µ)2
− 1− µ

p(1− µ) + (1− p)µ

)
(h− l)

]

− (1− q)

[(
pµ(2µ− 1)

((1− p)(1− µ) + pµ))2
− µ

(1− p)(1− µ) + pµ

)
(h− l)

]

≥ 0

Rewriting gives us

q

[(
p(1− 2µ)(1− µ)

(p(1− µ) + (1− p)µ)2
− 1− µ

p(1− µ) + (1− p)µ

)]

≥ (1− q)

[(
pµ(2µ− 1)

((1− p)(1− µ) + pµ))2
− µ

(1− p)(1− µ) + pµ

)]
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It is then useful to express this in ratios. We can write it as follows:

q

1− q
≤

(
pµ(2µ−1)

((1−p)(1−µ)+pµ))2
− µ

(1−p)(1−µ)+pµ

)
(

p(1−2µ)(1−µ)

(p(1−µ)+(1−p)µ)2
− 1−µ

p(1−µ)+(1−p)µ

) .

Notice the flip of the inequality sign in the last step because we are dividing
by a negative number. Both sides of the above expression have a clear
interpretation. The left hand side (LHS) is the likelihood ratio of the
incumbent manager being high vs. low ability. The right hand side (RHS)
is the relative change of mistake probability for different incumbent abilities
when precision changes. Regarding the RHS of this expression we can
say that RHS = 1 whenever µ = 1/2. We have RHS < 1 if µ < 1/2.
Conversely, RHS > 1 if µ > 1/2.

This observation is helpful for us to interpret the above condition. As a
baseline, suppose that q = 1/2. Then LHS = 1. If additionally µ = 1/2.
Then RHS = 1 too. The above expression then holds with equality, implying
that expected abilities are not affected by noise. However, once µ > 1/2—
even if only marginally—then the RHS is always < 1 and, hence, the above
inequality never holds. If, instead, µ < 1/2, then the RHS is always > 1
and, hence, the inequality always holds strictly.

Let us now look at the cases where q ≠ 1. First, suppose that q < 1/2.
Then the LHS is always < 1. If we again assume that µ = 1/2 and hence the
RHS = 1, then clearly the above inequality holds strictly. If µ < 1/2 but
only marginally, the inequality still holds. If µ is sufficiently smaller than
1/2 the inequality begins to not hold anymore. Hence, a lower q implies that
we can get away with a lower µ for the above inequality to still be satisfied.
The reverse is also true (a higher q implies that we can get away with a
higher µ).

In this sense, for any q ≠ 1/2, we can compensate by choosing a µ ≠ 1/2.
This works even in the extreme cases. To see this, first look at the limits of
the LHS. We have that

lim
q→0

LHS = 0 and lim
q→1

LHS = ∞ ⇒ LHS ∈ (0,∞)

We now need to investigate the limits of the RHS. We have

lim
µ→0

RHS = 0 and lim
µ→1

RHS = ∞ ⇒ RHS ∈ (0,∞)

From this we can see that both the LHS and the RHS have the same range.
Because both sides are also continuous (the LHS in q and the RHS in µ)
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and the RHS is monotonic in p,

∂RHS

∂µ
= −2(2p− 1)((2µ− 1)p− µ)

(µ− 2µp+ p− 1)3
< 0

this immediately implies that for any q ∈ (0, 1) there will exist values of µ
for which the inequality above either (i) holds strictly, (ii) does not hold, or
(iii) holds with equality. This third case implicitly pins down the threshold
value µt. □

2.A.5 Proof of Proposition 2.3

Our approach to this proof is similar to the steps we have taken when
deriving the condition under which the seniority scheme leads to higher
expected ability, but assuming that the expected ability of the promoted
worker is fixed.

From the arguments made in the main text, it follows that the expected
ability of the promoted manager is maximized by choosing the seniority
scheme if

E [ai | xi > x−i, b = 0] =

= [wh+ (1− w)l] ·
[
q

(1− µ)p

(1− µ)p+ µ(1− p)
+ (1− q)

µp

µp+ (1− µ)(1− p)

]

+ q

[
1− (1− µ)p

(1− µ)p+ µ(1− p)

]
h+ (1− q)

[
1− µp

µp+ (1− µ)(1− p)

]
l

< qh+ (1− q)l = E [ai | xi > x−i, b → ∞] ,

where w := Pr[xi > x−i | ai = h, a−i = l, b = 0] is the probability that a high
ability player wins against a low ability player. Note, w is not a function of
µ, p or q. We can rearrange the LHS of this expression by factoring out h
and l such that we have

“weight” on outcome h︷︸︸︷
Ω ·h

+

[
(1− w)

(
q

(1− µ)p

(1− µ)p+ µ(1− p)
+ (1− q)

µp

µp+ (1− µ)(1− p)

)

+ (1− q)

(
1− µp

µp+ (1− µ)(1− p)

)]
l < q︸︷︷︸

“weight” on outcome h

h+ (1− q)l,
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It is then useful to express this in ratios. We can write it as follows:

q

1− q
≤

(
pµ(2µ−1)

((1−p)(1−µ)+pµ))2
− µ

(1−p)(1−µ)+pµ

)
(

p(1−2µ)(1−µ)

(p(1−µ)+(1−p)µ)2
− 1−µ

p(1−µ)+(1−p)µ

) .
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for the necessary and sufficient condition for the seniority scheme to lead to
higher expected ability of the promoted manager. Hereby

Ω :=w

(
q

(1− µ)p

(1− µ)p+ µ(1− p)
+ (1− q)

µp

µp+ (1− µ)(1− p)

)

+ q

(
1− (1− µ)p

(1− µ)p+ µ(1− p)

)

Given that the factors of h and l are probabilities and add up to one, the
initial inequality holds if and only if the factor of h on the RHS is greater
than the factor of h on the LHS. (We are calculating a weighted average
where the outcomes are fixed and the weights add up to one on both sides.
Then it is sufficient to look at the weight on the higher outcome to determine
which weighted average is greater.) We then have that E [ai | xi > x−i] <
E [ai | i = incumbent] if and only if

Ω < q,

which we can rearrange to have q on the RHS such that

2pwµ2 − wµ2 − pwµ

p+ w − pw + 2µ− 3pµ− 2wµ+ 2pwµ− µ2 + 2pµ2 − 1
=

µw((2µ− 1)p− µ)

w + (2µ− 1)p(µ+ w − 1)− 2µw − (µ− 1)2
≡ q̂(w, p, µ) < q.

One can check that q̂ ∈ (0, 1) for any parameter combination of p, w and
µ. It follows then that there always exists a q ∈ (0, 1) for which the seniority
rule will lead to a higher expected ability for the promoted manager than
the competitive promotion scheme. Furthermore,

∂q̂

∂w
> 0,

∂q̂

∂µ
> 0

∂q̂

∂p
∈ (−∞,∞),

implying that the sufficient condition is easier to satisfy—a lower q is
sufficient to satisfy—, when the share of high ability workers are low and
when ability difference is small (which implies that the win probability of
the high ability player is lower when competing against a low ability player).
□

2.A.6 Proof of Lemma 2.4

We build on the proof of Proposition 2.3. We can proceed with finding the
threshold noise level pt ∈

(
1
2
, 1
)
, whereby the promotion scheme that leads
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to a greater expected ability of the promoted manager is determined by
which side of the threshold parameter p is, holding all else constant.

When the threshold noise level exists, it is implicitly defined by setting
the intial inequality to a strict equality, such that the expected ability is
the same for both promotion schemes. After rearrangement, the explicit
expression (assuming µ ̸= 1

2
) is given by:

pt =
−qµ2 + 2µq − 2µqw + qw − q + µ2w

−2µ2q + 3µq − 2µqw + qw − q + 2µ2w − µw

=
q ((µ− 1)2 + (2µ− 1)w)− µ2w

(2µ− 1)(q(µ+ w − 1)− µw)
,

if either of the following conditions hold:

0 < q ≤ 1

2
and

1

2
< w < 1 and 0 < µ <

qw − q

2qw − q − w
1

2
< q < 1 and

1

2
< w < q and

qw − q

2qw − q − w
< µ < 1

1

2
< q < 1 and q < w < 1 and 0 < µ <

qw − q

2qw − q − w
.

These are the conditions given in Lemma 2.4. □

Proof of Proposition 2.4.

We proceed from the proof of Lemma 2.4 above by checking how the threshold
q̂ changes when we change noise:

∂q̂

∂p
=

2wµ2 − wµ

p+ w − pw + 2µ− 3pµ− 2wµ+ 2pwµ− µ2 + 2pµ2 − 1

− (1− w − 3µ+ 2wµ+ 2µ2) (2pwµ2 − pwµ− wµ2)

(p+ w − pw + 2µ− 3pµ− 2wµ+ 2pwµ− µ2 + 2pµ2 − 1)2
.

From here we can check that

∂q̂

∂p

∣∣∣∣
µ<1/2

> 0,
∂q̂

∂p

∣∣∣∣
µ>1/2

< 0, and
∂q̂

∂p

∣∣∣∣
µ=1/2

= 0, (2.15)

which corresponds to the three cases described in the proposition.
Now assume that pt exists and fix w, p and µ < 1/2, and take q s.t. q̂ < q.

Then from ∂q̂
∂p

∣∣
µ<1/2

> 0 we have that if we increase noise sufficiently, then q̂
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will increase above q, implying that expected ability is maximized under a
seniority scheme. For this we need initial q̂ to be in the neighbourhood of q
such that the largest admissible p̄ < 1 will indeed increase q̂ above q: we
need q to be sufficiently low.

We replicate this argument for the case when 1/2 < µ. Take again a
q s.t. q̂ < q. Then from ∂q̂

∂p

∣∣
µ>1/2

< 0 we have that decreasing noise increases

threshold q̂. We just need to make sure q is again low enough, such that the
lowest admissible bias p ∈ (1

2
, 1) can still increase q̂ above q.

Last, when µ = 1/2, changing signal precision has no effect on q̂ given
that ∂q̂

∂p

∣∣
µ=1/2

= 0. This concludes the proof. □

Proof of Proposition 2.5

The first part of the statements follow from Proposition 2.4. The result
that seniority scheme minimizes expected effort simply follows from the
observation that effort is costly and prize v is deterministically allocated
prior to effort choice.
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Chapter 3

Promotions Under Excessive Workplace
Surveillance

Timm Behler

Abstract

When designing promotion contests, managers might not only be
interested in providing effort incentives, but also in selecting the
employee with the highest ability. In this paper, I show that noisy
contests can perform better regarding this objective than noiseless
contests. While noise generally distorts the correlation between
output and ability, noiseless contests induce mixed strategies which
can distort this correlation even more. I show that there always exists
a uniform noise level that improves both (expected) aggregate effort
and selection efficiency over the noiseless contest. Furthermore, this
noise level improves employees’ welfare. My main interpretation is
that excessive workplace-surveillance can backfire (i) by hampering
meritocratic selection, and (ii) by reducing productivity.
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3.1 Introduction

Consider the manager of a firm who is designing a promotion contest. In the
contest, the firm’s employees compete against each other over a promotion by
submitting costly effort. The goal of such a contest is twofold: First, it can
be used to provide effort incentives for the employees, thereby increasing the
firm’s productivity. Second, if the employees are heterogeneous in abilities, it
can also provide information about the employees’ abilities; such information
can, of course, be relevant for the promotion, for example if an employee
of high ability would be best suited to successfully complete the work at a
higher level of the organizational hierarchy.

One important question regarding the design of such promotion contests
is how the manager can monitor employees’ performances: Getting precise
information about how hard individuals work is not easy. In recent years,
however, new technologies have emerged that can help the manager. New
software, for example, enables her to track how much time employees
spend working on which tasks, GPS systems can help the manager to track
employees’ movements and whereabouts throughout the workday, and facial
recognition can, for example, precisely determine employees’ arrival time.
More generally, these new technologies enable the manager to identify better
who is shirking and who is working hard—in other words, they help to
generate a less noisy signal of each employee’s effort submission.

These new technologies have sparked much interest, particularly as more
and more people work from home and managers’ desire to monitor employees
remotely grows larger.1 At the same time, many people are concerned about
the increasing workplace surveillance and its potentially harmful effects.
For example, constant monitoring might come at a negative psychological
cost for the employees and, hence, might impact their overall well-being. A
further concern is the invasion of employees’ privacy.2 While such concerns
are often publicly debated, many of these technologies—for example, facial
recognition—remain largely legal in the USA.3 The European Parliament,
instead, has succesfully voted on a ban of such recognition software in 2023.4

In this paper, I argue that even from an organization’s perspective, less
noise need not be beneficial. Particularly, I look at how the organization’s
manager can strategically employ noise to maximize both selection efficiency—
i.e., the probability of selecting an employee of high ability—and (expected)
aggregate effort. I consider a simple contest with two employees who differ

1See, for example, this New York Times article.
2See, for example, this New York Times article.
3See, for example, this Bloomberg article.
4See, for example, this official statement.
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in their ability. In the contest, the principal only receives a noisy signal of
each agent’s individual effort. The agent with the highest signal is selected
as the winner of the contest. This setup is roughly in line with the rank-
order tournament originally considered by Lazear and Rosen (1981). My
setup differs in the assumption that I make about the noise distribution.
Particularly, I make no explicit assumption on individual noise terms and,
instead, assume that the difference of the individual noise terms is uniformly
distributed. This also implies that, unlike in Lazear and Rosen (1981),
individual noise is not necessarily iid. As I argue throughout this paper,
this type of noise is plausible in the settings that I consider because it
implies that the manager can observe the organization’s total output—her
uncertainty only corresponds to individuals’ contribution to total output.

I allow for the principal to decide on how strict she monitors the agents.
A stricter monitoring leads to a less noisy signal of each agent’s effort. As
monitoring becomes perfect, the setup converges to the (noiseless) all-pay
contest (Siegel 2009).5

It may appear intuitive that noise distorts the correlation between
ability and output and, hence, that selection efficiency should be higher
in the noiseless setting. The first part of this intuition is correct: Noise
generally distorts the correlation between ability and output. The second
part, however, is less obvious. The intuition misses that, in contrast to the
noisy setting, the noiseless contest has no equilibrium in pure strategies.
Instead, agents will choose a continuous distribution over some effort interval—
a well-known result in the contest literature. Effectively, this makes output
random, too, and can be interpreted as endogenous noise that is added by the
contestants. As a result, the answer to the question which monitoring scheme
selects the high-ability agent with greater probability becomes non-apparent
and warrants an investigation. As we shall see, the question is resolved
unambiguously: The principal can generally improve upon the selection
efficiency of the noiseless framework by introducing some noise. Furthermore,
she can also improve upon the selection efficiency of contests with small
noise such that equilibrium is fully mixed by choosing a contest with high
enough noise such that a pure strategy equilibrium exists. However, there
may be strictly positive levels of noise that allow for semi-mixed equilibria
whose analysis I omit in this paper. Nevertheless, while I cannot provide
a solution to determine the “optimal” noise level, my results serve as an
important demonstration that introducing some noise is, in general, good.

After introducing the model in section 3.2, and deriving the probabilities

5Throughout this paper, I will use the expressions “noiseless contest” and “noisy con-
test” interchangeably with “all-pay contest” and “rank-order tournament”, respectively.
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of selecting the high-ability agent under both promotion paradigms in
section 3.3, I move on to a comparison in section 3.4. I derive a sufficient
condition for selection efficiency to be higher in the noisy contest. The
permissible noise level is restricted from above and from below. The upper
bound is determined by the value that is attached to the promotion. The
intuition is that, in the noisy contest, selection efficiency decreases in the
noise level, but increases in the value attached to the promotion because
the value motivates agents of differing ability asymmetrically. A higher
value, hence, permits a higher noise level, too. Perhaps interestingly, the
permissible noise level does not depend on how asymmetric the agents are.
This is because the effect of the high-ability agent’s relative advantage
on selection efficiency exactly offsets itself when comparing the different
contests.

The lower bound of the permissible noise level is determined by the noise
level that is sufficiently high to guarantee the existence of a pure-strategy
equilibrium. The noise level that guarantees the existence of a pure-strategy
equilibrium depends positively on both the value attached to the promotion
and on how asymmetric the agents are. This is because this noise level is
given by the noise level that is high enough to guarantee the low-ability
agent a positive expected rent from playing the pure strategy. Since a
higher value motivates the agents asymmetrically, it lowers the low-ability
agent’s winning probability and, hence, her expected rent. Similarly, an
increase in the high-ability agent’s advantage demotivates the low-ability
agent and, as a result, lowers her chance of winning and her expected rent.
The decrease of the low-ability agent’s expected rent due to an increase
in either the value attached to the promotion or the agent’s heterogeneity
must be compensated by a higher noise level to break even and ensure the
existence of a pure-strategy equilibrium.

As my main result, I show that, for any positive value that is attached to
the promotion and any level of heterogeneity, there exists a noise level such
that a pure-strategy equilibrium exists and which is sufficiently low such
that selection efficiency in the noisy contest is higher than in the noiseless
contest. Finally, I show that, among the noise levels I consider, the optimal
noise level regarding a maximization of selection efficiency coincides with the
optimal noise level that maximizes (expected) aggregate effort of the agents.
This compatibility result is in contrast to some of the earlier literature (e.g.,
Stracke et al. 2015).

After deriving the main results, in section 3.5, I consider employee
welfare and show that it is, perhaps surprisingly—after all employees work
on expectation more, while the prize is kept constant—, maximized by the
noisy contest as well. In section 3.6, I first discuss formally what kind of
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noise the principal can employ strategically. The type of noise the principal
can employ strategically is indeed the type of noise we would expect to
be induced through less stringent monitoring. I highlight this through
an example. Finally, section 3.7 concludes. Most of the proofs follow
immediately from the analyses presented in the main text right before the
corresponding results. In these cases, I omit the proof.

Related Literature. This paper is related to several strands of literature.
Conceptually, it is related to the literature on selection efficiency in contests.
This literature, like much of the contest literature in general, differentiates
between either contests with- or without exogenous noise. Nevertheless,
some well known results hold in both types of contests. In one of the
literature’s seminal papers, Meyer (1991) considers a multi-stage contest
with exogenous noise. She shows that, when the goal is to identify the
most talented agent, the principal should bias the later stages of the contest
in favor of the “leader” of the previous stages. In a static model with
endogenous noise, Kawamura and Barreda (2014) derive a similar result.
They show that the principal should bias the contest in favor of the agent
who has the higher prior probability of having a high ability. If this prior
probability is the same for the agents, the principal should randomly assign
headstarts to either agent. A paper by Drugov and Ryvkin (2017) yields
a similar result. This last result has a particular connection to my paper.
Since the optimal bias must be random, it can also be interpreted as some
form of noise which, like in my paper, increases selection efficiency.

My paper differs from much of the previous literature in that I do not
focus on one of the two types of contests—i.e., contest with exogenous
vs. endogenous noise. Instead, I assume that it is the manager who can
endogenously choose an exogenous noise level. As pointed out by Morgan,
Tumlinson, and Vardy (2018), noise is seldom viewed as something that can
be employed strategically by the principal. This is perhaps surprising since,
in reality, the designer arguably has some influence on noise, most obviously
through the decision on how rigorously to monitor the agents. Nevertheless,
some papers assume that the designer can choose noise. Morgan, Tumlinson,
and Vardy (2018) and Letina, Liu, and Netzer (2020) both focus on the
optimality of noise when the objective of the principal is to maximize
(expected) aggregate effort. Both find that effort is maximized at the lowest
noise level that guarantees the existence a of pure-strategy equilibrium.
Besides these papers, the idea that a principal should deter agents from
adding endogenous noise to their output is also found outside of the contest
literature.Barron, Georgiadis, and Swinkels (2020), for example, show that
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when agents are strategic risk-takers, the principal optimally chooses a
contract that concavifies an agent’s utility function in order to deter her
from risk-taking. Generally, the logic behind these results is similar to
my paper. Endogenous noise leads to different inefficiencies and, hence,
exogenous noise should be added by the designer to deter the agents from
adding noise endogenously.

The interpretation of this result is very closely related to the results
by Meyer (1991) and Kawamura and Barreda (2014), but also to those by
Hvide and Kristiansen (2003) andFang and Noe (2022), who both focus on a
specific form of endogenous noise—strategic risk-taking—and how it affects
selection efficiency. Both find, somewhat counterintuitively, that when
contestants are strategic risk-takers, more competition can make selection
less meritocratic—i.e., decrease the probability of selecting a high-ability
type. More generally, all of these papers show how seemingly meritocratic
design choices can actually hamper meritocratic selection. This is a central
observation in my model, too: At first sight, making a contest more noisy is
clearly unmeritocratic because it distorts the correlation between ability and
output. At the same time, the outcome turns out to be more meritocratic
since a reduction in noise would induce the agents to strategically distort
the ability-output correlation even more than a sufficiently low level of
exogenous noise does.

Importantly, this also implies that an excessive monitoring of employees
can actually work against the firm’s goals. Other papers have previously
derived similar results, particularly regarding the effect of excessive moni-
toring on effort. Zhao (2008) provides conditions under which it is optimal
for the firm to rely only on noisy output measures when compensating
employees, even when it can perfectly monitor employee’s effort submissions.
Similarly, Bar-Isaac and Deb (2021) show that infrequent monitoring of an
agent can increase effort compared to the constant-monitoring benchmark.
In their model, this is driven by the agent’s reputational concerns. Roughly
speaking, if the agent anticipates not being monitored in the next period,
then exerting more effort in this period is worth more, since she can coast
on her high-effort reputation in the next period. While these papers hint
at the adverse effects of excessive monitoring (although not in a contest
setting), there is, to the best of my knowledge, none that focuses on the
effects on meritocratic selection.
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3.2 Model

Consider two agents, denoted by i, who compete for a promotion. Agents
can be one of two types, high ability or low ability. I denote the types by
θi ∈ Θ ≡ {h, l}, respectively. In a slight abuse of notation, I will sometimes
index an h-type agent by h and an l-type agent by l. The agents’ types are
drawn randomly but are perfectly correlated in the sense that there will
always be one h- and one l-type. From the perspective of the principal, each
agent has the same ex-ante probability to be either type. Both agents can
observe their realized type and, hence, know the type of the other agent,
too. The principal, however, can observe neither agent’s type.

Each agent produces an observable signal of output

qi = xi + ϵi, (3.1)

where ϵi is a random noise term, which I assume to be such that the difference
of the noise terms ϵi − ϵj ̸=i is uniformly distributed,6 specifically

∆ϵ
d∼ U

[
−1

2
ξ,+

1

2
ξ

]
;

xi is non-negative effort that i can exert at cost ci(xi). Specifically, I assume
that cost is given as follows:

ci(xi) =

{
x2
i if θi = h

αx2
i if θi = l,

(3.2)

This implies that for any x, we have that cl(x) > ch(x).
The principal promotes the agent with the highest output qi. I denote

the value attached to the promotion by v. The agent who is not promoted
gets, without loss of generalization, a prize of value zero. Hence, agents’
expected payoff is

Πi = Pr [qj ̸=i < qi] v − ci(xi), (3.3)

where Pr [qj ̸= < qi] is i’s probability of being promoted. The agents’ winning
probabilities will be specified further in the next sections. Generally, in

6This specification was previously used in similar settings by Konrad (2009), Ederer
(2010), and Brown and Minor (2014). This distributional assumption is plausible, for
example, when the principal can exert aggregate output but not each agent’s individual
contribution. Instead the principal randomly overestimates the contribution by some
amount while underestimating the contribution of the other agent by the same amount.
In my setting, this is a particularly plausible assumption, which I will argue in more
detail in Section 5.
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3.2 Model

Consider two agents, denoted by i, who compete for a promotion. Agents
can be one of two types, high ability or low ability. I denote the types by
θi ∈ Θ ≡ {h, l}, respectively. In a slight abuse of notation, I will sometimes
index an h-type agent by h and an l-type agent by l. The agents’ types are
drawn randomly but are perfectly correlated in the sense that there will
always be one h- and one l-type. From the perspective of the principal, each
agent has the same ex-ante probability to be either type. Both agents can
observe their realized type and, hence, know the type of the other agent,
too. The principal, however, can observe neither agent’s type.

Each agent produces an observable signal of output

qi = xi + ϵi, (3.1)

where ϵi is a random noise term, which I assume to be such that the difference
of the noise terms ϵi − ϵj ̸=i is uniformly distributed,6 specifically

∆ϵ
d∼ U

[
−1

2
ξ,+

1

2
ξ

]
;

xi is non-negative effort that i can exert at cost ci(xi). Specifically, I assume
that cost is given as follows:

ci(xi) =

{
x2
i if θi = h

αx2
i if θi = l,

(3.2)

This implies that for any x, we have that cl(x) > ch(x).
The principal promotes the agent with the highest output qi. I denote

the value attached to the promotion by v. The agent who is not promoted
gets, without loss of generalization, a prize of value zero. Hence, agents’
expected payoff is

Πi = Pr [qj ̸=i < qi] v − ci(xi), (3.3)

where Pr [qj ̸= < qi] is i’s probability of being promoted. The agents’ winning
probabilities will be specified further in the next sections. Generally, in

6This specification was previously used in similar settings by Konrad (2009), Ederer
(2010), and Brown and Minor (2014). This distributional assumption is plausible, for
example, when the principal can exert aggregate output but not each agent’s individual
contribution. Instead the principal randomly overestimates the contribution by some
amount while underestimating the contribution of the other agent by the same amount.
In my setting, this is a particularly plausible assumption, which I will argue in more
detail in Section 5.
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the all-pay contest, the winning probability depends only on the agents’
(random) effort choices, whereas in the rank-order tournament, it depends
on the distribution of the random noise term.

The principal’s objective is to maximize selection efficiency:

Definition 3.1 (Selection Efficiency). Selection efficiency is the probability
that the high-ability agent wins the contest, Pr [qh > ql]

That is, selection efficiency is defined by the probability of promoting the
high-ability agent which is equivalent to the probability that the high-ability
agent produces the higher output. The principal has discretion over choosing
the noise level of the random shocks ϵi. I will later specify in more detail
what this means formally. As suggested by my motivating example, in
practice, a principal could vary noise by monitoring agents more or less
rigorously—although, of course, other interpretations are possible.

Intuition and Discussion. Without noise, the framework is equivalent to
the standard all-pay contest and, as discussed by Siegel (2009), there exists
no pure-strategy equilibrium:7 Assume otherwise that the agents choose pure
strategies. Then, the high-ability agent could always profitably outperform
the low-ability agent since her effort-cost is lower. Given that the high-ability
agent would always outperform the low-ability agent and, hence, always win,
however, the low-ability agent would have no incentive to exert effort at all.
But if the low-ability agent exerts no effort, the high-ability agent’s effort
incentives would break down, too. Hence, in equilibrium we must allow for
some probability that the low-ability type will be selected. This is the case
when agents play mixed strategies.

To the contrary, when noise is sufficiently high, there generally exists a
pure-strategy equilibrium. This is the case because noise already guarantees
the low-ability agent some positive winning probability. The conditions
under which selection efficiency is higher in either of the contests will be
derived in the next sections.

There is also the case of intermediate noise—i.e., some positive noise that
is too small to ensure (fully) pure strategy equilibria. These intermediate
cases are very difficult to analyze, however, and even though some break-
throughs have been made over the years (see, for example, Baye, Kovenock,

7Notice, however, that the general logic goes back further than Siegel (2009). For
example to Hillman and Riley (1989), Baye, Kovenock, and De Vries (1993) and Baye,
Kovenock, and De Vries (1996), who provide two applied and one very comprehensive
analysis of the the all-pay auction, respectively.
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and De Vries (1994), Ewerhart (2015), and Ewerhart (2017)), there is no
comprehensive analysis of these cases available yet. Because the aim of
this paper is to provide an important application of two canonical contest
models—which can be demonstrated even through a comparison of the
extreme cases—I do not consider the intermediate cases in this paper. It is
important to stress, however, that Ewerhart (2017) has shown that strictly
positive noise levels that are, in a specific sense, “small” are equivalent to
the noiseless setting. In this sense, my results demonstrate clearly that noise
is, quite generally, good as long as it is not too high. The only cases that I
omit are the cases where noise is too high for fully mixed equilibria to be
unique but too low for a pure strategy equilibrium to exist.

3.3 Equilibrium Analysis

In this section, I characterize the equilibrium and the resulting probabilities
of selecting the high-ability agent in both cases—i.e., with- and without
exogenous noise. I start with the (noiseless) all-pay contest in section 3.1,
before moving on to the (noisy) rank-order tournament in section 3.2.

3.3.1 The All-Pay Contest

I start by analyzing the case without noise—i.e., I am assuming that the
distribution of ϵi is degenerate at ϵi = 0. The contest is then equivalent
to the all-pay contest with two heterogeneous agents. I am looking for an
equilibrium in which both types of agents randomize their effort submissions
according to the cumulative distribution functions (CDF, henceforth) Fl

and Fh, respectively. The expected payoff of the l-type from playing her
maximum bid must be zero. Otherwise, she could always marginally increase
her maximum bid and thereby strictly increase both her winning probability
and, hence, her expected rent. This directly implies that her maximum
bid must be c−1

l (v). The expected payoff from any other effort submission
xl ∈ [0, c−1

l (v)] must, hence, be zero, too. This reasoning yields the h-type’s
mixed equilibrium strategy.

Similarly, the l-type chooses Fl such that the h-type’s expected profit
from submitting any effort xh ∈ [0, c−1

l (v)] is equal to the payoff she receives
from submitting xl = c−1

l (v) and winning with probability one (her best
deviation strategy). Again, this reasong yields the l-types mixed equilibrium
strategy.

The equilibrium can more completely be characterized by the following
Lemma which follows from Hillman and Riley (1989).
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Lemma 3.1 (All-Pay Contest (Hillman and Riley 1989)). Suppose that α > 1.
We can summarize the unique equilibrium of the all-pay contest as follows:

1. The agents’ equilibrium strategies are given by

F ∗
h (xh) =

1

v
cl(xh) for xh ∈ [0, c−1

l (v)] (3.4)

and

F ∗
l (xl) := 1 +

1

v
ch(xl)−

1

v
ch(c

−1
l (v)) forxl ∈ [0, c−1

l (v)], (3.5)

respectively

2. The probability that the h-type wins is given by

PrAP [ql < qh] = 1− 1

2α
. (3.6)

3. The agents’ expected effort submissions are given by

EAP [xh] =
2

3

√
v

α
(3.7)

and

EAP [xl] =
1

α
EAP [xh] , (3.8)

respectively.

Proof: Follows from Hillman and Riley (1989). □

3.3.2 The Rank-Order Tournament

I will proceed with the analysis of the contest with noise high enough to
ensure the existence of a pure-strategy equilibrium—i.e., the rank-order
tournament à la Lazear and Rosen (1981)—again, however, with a modifi-
cation to the distributional assumptions regarding the error term. In this
case, we can write the h-type’s winning probability as

PrRO [ql < qh]=Pr [xh − xl > ϵl − ϵh]

= Pr [xh − xl > ∆ϵ]

= Φ(xh − xl)
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where Φ(·) is the CDF of the random variable ∆ϵ ≡ ϵl − ϵh. Its PDF will be
denoted by φ(·). Using this, the expected payoffs of the h-type and l-type
become

Πh(xh) = Φ(xh − xl)v − ch(xh), and Πl(xl) = [1− Φ(xh − xl)] v − cl(xl),
(3.9)

respectively. The corresponding FOCs are then

c′h(x
∗
h) = φ(x∗

h − x∗
l )v, and c′l(x

∗
l ) = φ(x∗

h − x∗
l )v, (3.10)

and implicitly specify both agents’ equilibrium effort submissions, x∗
h and

x∗
l . Notice that from condition (3.10), we can immediately see that

c′h(x
∗
h) = c′l(x

∗
l ),

which, using the cost function specified in (3.2), implies

x∗
h = αx∗

l .

Notice that the equilibrium effort submissions of the h-type are always
(strictly) higher than those of the l-type. This is not surprising given that,
while the marginal winning probabilities of the two types are the same, the
l-type faces higher marginal cost.

Given distributional properties of ∆ϵ, we know that φ(·) = 1/ξ and,
hence, we can rewrite condition (3.10) as

2x∗
h =

1

ξ
v, and 2αx∗

l =
1

ξ
v

to finally find the equilibrium effort submissions of the h- and the l-type,

x∗
h =

v

2ξ
, and x∗

l =
v

2ξα
, (3.11)

respectively. Using these terms, we can rewrite the winning probability of
the h-type as

PrRO [ql < qh] := Φ(x∗
h − x∗

l ) =
1

ξ

[
v

2ξ
− v

2ξα
+

1

2
ξ

]
=

v

2ξ2

(
1− 1

α

)
+

1

2
.

(3.12)
Notice that, unlike the h-type’s winning probability in the noiseless contest,
the winning probability now depends not only on the h-type’s cost benefit,
α, but also on the value attached to the promotion, and on how noisy the
contest is, described by ξ.
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Lemma 3.2 (The Rank-Order Tournament). Suppose that α > 1. We can
summarize the equilibrium of the rank-order tournament as follows:

1. Both agents’ equilibrium strategies are given in (3.11).

2. The probability that the h-type wins is given by (3.12) and depends
positively on her cost advantage and the value of the promotion, and
negatively on the noise level.

Proof: Part (1) follows from the arguments made in the text. Part (2)
follows from the arguments in the text together with an inspection of (3.12):
∂PrRO [ql < qh] /∂α > 0; ∂PrRO [ql < qh] /∂v > 0, and ∂PrRO [ql < qh] /∂ξ <
0. □

3.4 Should the Principal Choose a Noisy Contest?

In this section, I compare the two contests to see whether and when the
principal should choose a noisy over a noiseless setting. I first show that
the set of noise levels that ensure a higher selection efficiency than the no-
noise benchmark is always non-empty. I further show that, if the principal
can choose the noise level freely (ignoring conceptually difficult cases with
intermediate noise levels), then she should choose a contest with the lowest
noise level that still guarantees the existence of a pure-strategy equilibrium
to maximize selection efficiency. Afterwards, I show that the noise level that
maximizes selection efficiency in this sense coincides with the noise level
that maximizes (expected) aggregate effort.

3.4.1 Selection Efficiency

We need to compare the probability of selecting the h-type in the noisy and
the noiseless contest. The probability of selecting the h-type is higher in
the noisy contest if

PrRO [ql < qh] =
v

2ξ2

(
1− 1

α

)
+

1

2
≥ 1− 1

2α
= PrAP [ql < qh] .

Rearranging this gives us the critical value of ξ2, ξ
2
, such that the rank-

order tournament just dominates the all-pay contest in terms of selection
efficiency:

ξ2 ≤ ξ
2
:= v. (3.13)
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Condition (3.13) puts an upper bound on the permissible noise level such that
selection efficiency is higher in the rank-order tournament. It is intuitive
that this upper bound depends positively on the value attached to the
promotion: The value motivates the agents asymmetrically and, hence, a
higher value increases selection efficiency. This also implies that a higher-
valued promotion admits a higher noise level while still obtaining a higher
selection efficiency than the all-pay contest. We must note, however, that
it is unclear whether such a critical value of ξ2 actually exists: If ξ2 is too
low, a pure-strategy equilibrium fails to exist. This implies that if the noise
level that is still high enough to ensure the existence of a pure-strategy

equilibrium lies above ξ
2
, then it is impossible to find a noise level that

yields a higher selection efficiency than the noiseless contest.
To check this, I proceed by deriving the critical level of ξ2 such that a

pure-strategy equilibrium exists. As pointed out by Baye, Kovenock, and De
Vries (1994), the existence problem regarding a pure-strategy equilibrium
for insufficient noise levels lies in the observation that expected rent may
be negative and, hence, zero effort would be a profitable deviation from
the proposed equilibrium strategies. To eliminate this possibility, I derive
the noise level sufficiently high such that both types of agents earn positive
expected rent given the proposed equilibrium effort submissions. From
expression (3.9) follows that the expected rent of the l-type will always be
lower than that of the h-type and, hence, it imposes the stronger restriction;
it suffices to investigate the expected rent of the l-type: In the proposed
equilibrium, she earns

Π∗
l ≡

[
1− 1

ξ

(
v

2ξ
− v

2ξα
+

1

2
ξ

)]
v − α

(
v

2ξα

)2

,

which can be simplified to

Π∗
l =

1

2v
− 1

ξ

(
1

2
− 1

4α

)
. (3.14)

This expression needs to be larger than zero for a pure-strategy equilibrium
to exist. This yields our critical value, a lower bound, of ξ2, ξ2, such that

ξ2 ≥ ξ2 :=
v (2α− 1)

2α
. (3.15)

Lemma 3.3 (Existence of Pure Strategy Equilibrium). A pure-strategy equi-
librium exists if and only if condition (3.15) holds.

Together, conditions (3.13) and (3.15) imply that the principal can set

ξ2 ∈
[
ξ2, ξ

2
]
to end up with a promotion mechanism that outperforms the
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This expression needs to be larger than zero for a pure-strategy equilibrium
to exist. This yields our critical value, a lower bound, of ξ2, ξ2, such that

ξ2 ≥ ξ2 :=
v (2α− 1)

2α
. (3.15)

Lemma 3.3 (Existence of Pure Strategy Equilibrium). A pure-strategy equi-
librium exists if and only if condition (3.15) holds.

Together, conditions (3.13) and (3.15) imply that the principal can set

ξ2 ∈
[
ξ2, ξ

2
]
to end up with a promotion mechanism that outperforms the
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all-pay contest in terms of selection efficiency. This is only feasible if the
interval is indeed non-empty. This is the case if

v ≥ v (2α− 1)

2α
⇔ 2α ≥ 2α− 1,

which always holds. Consequently there always exists a value ξ2 ∈
[
ξ2, ξ

2
]

such that a rank-order tournament with that noise level has a higher selection
efficiency than the noiseless all-pay contest. We can state this result as
follows:

Proposition 3.1 (Selection Efficiency). For any v > 0, α > 1, there exists a

noise level ξ2 ∈
[
ξ2, ξ

2
]
such that a noisy contest with noise ξ2 has a higher

selection efficiency than the noiseless contest or a contest with small noise
in the sense of Ewerhart (2017)

Proposition 3.1 implies that, when the principal can coarsely choose
between different noise levels, the principal should always choose a noise

level in
[
ξ2, ξ

2
]
over a contest with no or small noise in the sense of Ewerhart

(2017).

3.4.2 Aggregate Effort

So far, I have shown that for any values v¿0 and α > 1, there exists a noise

level ξ2 ∈
[
ξ2, ξ

2
]
such that the rank-order tournament with that noise

level has a higher selection efficiency than the corresponding all-pay contest.
Since many contests are used not only to select the best agent, but also to
motivate the agents, it is interesting to see to what extend these two aims
are compatible. In this subsection I compare the (expected) aggregate effort
submissions of the two agents in the two contests.

I start with a comparison of the h-type’s equilibrium effort submissions.
We have that effort in the rank-order tournament is higher if

x∗
h =

v

2ξ
≥ 2

3

√
v

α
= EAP [xh] ⇔ ξ2 ≤ ξ̃2 :=

9

16
vα.

This puts another upper bound on the noise level. I proceed by checking
whether this is compatible with the previously derived lower bound—i.e.,
the optimal noise level in terms of selection efficiency—that permits a
pure-strategy equilibrium in the rank-order tournament. In other words, I

check whether the interval ξ2 ∈
[
ξ2, ξ̃2

]
is non-empty. This is the case if
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9/16 · vα ≥ ξ2. Plugging in an explicit value for ξ2 and rearranging yields
the quadratic inequality

α2 − 16

9
α +

8

9
≥ 0,

which, upon closer inspection, always holds. This means that the equilibrium
effort submission of the h-type in the rank-order tournament with sufficiently
small noise is higher than the expected equilibrium effort submission of the
h-type in the all-pay contest.

I now move on to look at the equilibrium effort submissions of the l-type.
Remember that that in the all-pay auction we had

EAP [xl] =
1

α
EAP [xh] ,

whereas in the rank-order tournament, we had

x∗
l =

1

α
x∗
h.

Comparing the last two expressions, we can state the following:

Lemma 3.4 (Relative Difference in Effort submissions). The relative differ-
ence between the (expected) effort submissions of both agents is the same in
the noisy and in the noiseless setting.

While this observation might be interesting in its own right, for us it
is important because it implies that the (expected) aggregate effort of the
l-type is higher in the noisy contest than in the noiseless contest whenever
the same is true for the h-type. Since we have previously shown that there
always exists a noise level such that this is true for the h-type, Lemma 3.4
immediately yields the following proposition.

Proposition 3.2 (Aggregate Effort). For any v > 0, α > 1, there exists

a noise level ξ2 ∈
[
ξ2, ξ

2
]
such that a noisy contest with noise ξ2 induces

both a higher selection efficiency and higher aggregate effort than a noiseless
contest or a contest with small noise in the sense of Ewerhart (2017).

Proof: Follows from Proposition 3.1 and Lemma 3.4. □

We can further say the following:

Corollary 3.1 (Aligned Objectives). Out of the noise levels considered here,
the selection-efficiency maximizing and the effort maximizing noise levels
coincide.
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Proof: Follows from Proposition 3.1 and Proposition 3.2 together with the
observations that ∂x∗

h/∂ξ < 0, ∂x∗
l /∂ξ < 0, and ∂ PrRO[·]/∂ξ < 0 . □

This is an important result, because it shows that selection efficiency and
effort maximization are not mutually exclusive. This is not always the case
in contest theory and, indeed, there are other scenarios in which these two
objectives cannot be achieved at the same time Stracke et al. (2015). Thereby
it also highlights the extent to which excessive workplace-surveillance can
be harmful in the promotion process—it can adversely affect both effort
incentives and meritocratic selection.

Corollary 1 has an underlying intuition which is, perhaps, not imme-
diately obvious: Remember hat the l-type’s equilibrium effort submission
is a fixed share, 1/α, of the h-type’s equilibrium effort submission. This
implies that the absolute difference in their effort submissions increases in
aggregate effort. One could say that, as effort incentives increase, the agent’s
equilibrium behavior grows more and more asymmetric in absolute terms.
More asymmetric behavior, in turn, increases the informativeness of the
agent’s strategies and, hence, the probability of selecting the high-ability
agent.

3.5 Employee Welfare

So far we have seen that a less precise monitoring scheme can be beneficial
from the manager’s point of view. Precisely, the noisy contest maximizes
manager welfare if her objective is to maximize (i) selection efficiency, (ii)
aggregate output, or (iii) a convex combination thereof. The manager may
of course have other objectives—e.g., maximizing winner effort—which I do
not consider here.

One question that follows is: If the manager is better off, does this imply
that the employees are worse off? As it turns out, this is not the case. First,
notice that if we are in the case where the manager sets the noise level
such that it maximizes both selection efficiency and aggregate effort among
the noise levels that I consider, the welfare of the less talented employee is
unaffected by this. In both cases, her expected utility will be zero. Instead,
let us look at the expected utility of the more talented agent. In the all-pay
auction, it is given by

ΠAP
h =

(
1− 1

2α

)
v −

∫ c−1
l (v)

0

fh(xh) · ch(xh)dxh =

(
1− 1

α

)
v.
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We can now compare this expected utility with the expected utility than a
talented employee would receive in the optimal noisy contest,

ΠRO
h =

[
v

2ξ2

(
1− 1

α

)
+

1

2

]
v −

(
v

2ξ

)2

.

Comparing these two expressions yields

[
v

2ξ2

(
1− 1

α

)
+

1

2

]
v −

(
v

2ξ

)2

≥
(
1− 1

α

)
v ⇔ 1 ≤ 2α− 1

α
,

which holds because 1 ≤ α by definition. These observations allow us to
state the following proposition.

Proposition 3.3 (Employee Welfare). There always exists a noise monitoring
scheme which is a Pareto improvement over a monitoring with no noise or
small noise in the sense of Ewerhart (2017).

Notice that at least two parties, the high ability agent and the firm, are
better off under the optimal noisy monitoring scheme. The expected utility
of the low ability agent is unaffected. In principal it might be possible to
achieve strict Pareto improvements over the noiseless contest, in which also
the low ability agent earns a positive rent on expectation. No such scheme,
however, can be optimal from the firm’s perspective.

Overall, Proposition 3.3 is reassuring. At first, one might be inclined
to think that the additional welfare generated for the firm must have been
taken away from some other party in the game. However, this is not the case;
indeed, no player is ever worse off under the optimal noisy monitoring scheme
than under a noiseless scheme. This is partly due to our assumption of convex
cost. In the mixed-strategy equilibrium of the noiseless case, employees will
sometimes exert a very high effort. Due to the exponential increase of effort
cost, this, together with an increase in the winning probability of the high
ability agent, outweighs the increase of the expected cost due to a higher
expected effort submission under the noisy monitoring scheme.

3.6 Discussion: What Kind of Noise Can the

Manager Employ Strategically?

In this section, I discuss what kind of noise the manager can employ strate-
gically in the sense described in this paper. I first provide an example that
shows how the type of noise considered here is plausible in the relevant
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settings. I then proceed by showing that other forms of noise—which are
distinct to those we would expect due to a lack of monitoring—do not have
the same effects.

3.6.1 Example

Consider any type of task whose outcome is dependent on a team effort. The
manager can observe the team’s output without any noise, but she cannot
precisely evaluate the two team-member’s individual contributions. For
concreteness, consider a store that employs two salespersons. Suppose that
there is a baseline number of items that the store sells in a given timeframe.
For simplicity, assume that this baseline number is constant and that all
the variation in sales beyond that number is due to the salespersons’ efforts
put into persuading customers to buy an item. The manager of the store
can observe the number of items sold beyond the baseline number perfectly.
However, she can only imperfectly observe each salesperson’s individual
contribution to the sales. She will randomly over- or underestimate the

number of sales by salesperson i by ϵi
d∼ U [0, 1] and, hence, over- or

underestimate the number of sales by salesperson j ̸= i by ϵj = 1− ϵi. Given
these distributional assumptions, we have that the difference of the random
over- or underestimations of an individual agent’s effort, ∆ϵ = ϵi−ϵj = 2ϵi−1,
is distributed according to

∆ϵ
d∼ U [−1, 1] ,

which corresponds to the type of noise considered in this paper. A possible
explanation for this type of noise would be as follows: Suppose that the
store has two floors with one of the salespersons working on each floor. The
manager can only monitor one floor at the time and, hence, splits her time
between monitoring the two floors. Whether a customer enters the floor
that is currently monitored by the manager is random. Hence, whether the
manager observes a particular salesperson making a particular sale is random,
too. As a result, there is a positive probability that the manager will miss at
least one sale. Without further modeling, it is unclear to which employee the
manager would attribute the sale. However, two heuristics appear plausible.
Firstly, the manager could attribute an unobserved sale randomly to either of
the salespersons. Secondly, the manager could attribute an unobserved sale
to the salesperson of which the manager had previously observed more sales.
Importantly, both of these heuristics imply that the manager will (weakly)
overestimate the number of sales of the salesperson of which the manager
observed more sales previously. Now suppose that that the manager of the
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store can install video-cameras on both floors that allow her to monitor them
at the same time. This allows her to precisely monitor the sales attributed to
each salesperson and, hence, their respective efforts. This example highlights
two things: First, there are many environments in which the type of noise
(correlated) considered here is plausible. Namely, all environments in which a
manager can observe total output but not individual contributions perfectly.
Second, it shows that the manager often only has a coarse choice between
different noise levels—i.e., some noise in the baseline case vs. essentially no
noise in the case with cameras.

3.6.2 Ex-Post Noise

I want to point out is that the manager cannot simply choose any kind of
noise to increase selection efficiency and effort. Indeed, we can think of two
types of noise. The first type of noise affects the relationship between an
employee’s effort submission and her performance rank. This is the type of
noise we have considered so far. It makes sure that the employee with the
lower effort submission can sometimes still outperform her opponent and,
hence, win. The second type of noise affects the relationship between an
employee’s performance rank and her probability of being promoted. This
type of noise makes sure that the employee with the weaker performance
can sometimes win.

While the first type of noise can be beneficial to the firm—this is what I
have shown in the previous sections—the second type of noise cannot. Con-
sider the easiest way in which the second type of noise can be implemented:
The manager of the firm can commit to a promotion rule which promotes
the employee with the higher performance only with probability ρ ∈ (1/2, 1).
We can see easily that unlike the first type of noise, the second type of noise
alone will never lead to a pure-strategy equilibrium. Suppose, for example,
that both employees would submit an effort of zero and, hence, incur no
effort cost. Both employees would receive an expected utility of 1/2v. If one
employee would deviate to an effort level marginally above zero, she would
receive ρv, which, since 1/2 < ρ, would be beneficial. The same exercise can
be made for any effort level between zero and c−1

l ((2ρ− 1) v)—the highest
effort level the low-ability employee would be willing to submit given that
she believes that she will have the highest performance at that effort level
with probability one. Suppose that ρv − ch

(
c−1
l ((2ρ− 1) v)

)
> 0; then, the

high-ability employee might, in principal, be willing to exert effort larger
or equal to c−1

l ((2ρ− 1) v). However, the low-ability agent would not and,
hence, would have an incentive to submit no effort at all. This destroys also
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the high-ability employee’s incentive to submit an effort level that high and,
hence, there will be no pure strategy equilibrium.

Effectively, in this setting, we an simply rewrite the prize from winning
as ρ · v+ (1− ρ) · 0. The prize from losing instead becomes ρ · 0 + (1− ρ) · v.
The prize difference, however, is still positive. Since we already know from
Lemma 1, however, that the prize difference is not important for selection
efficiency as long as it is strictly positive, we also know that selection
efficiency is unaffected by this type of noise. The following proposition
summarizes this.

Proposition 3.4 (Ex-Post Noise). Suppose that the winner receives the prize
only with probability ρ ∈ (1/2, 1). With probability 1−ρ, the prize is given to
the loser instead. Selection efficiency is unaffected compared to the standard
all-pay contest described in Lemma 1.

3.7 Conclusion

In this paper, I have demonstrated that the kind of noise induced through less
stringent employee surveillance may be beneficial in three ways. It increases
(i) selection efficiency, (ii) aggregate output, and (iii) employee welfare—and
as a result, social welfare under the assumption that the principal cares
about (i), (ii), or a convex combination thereof.

The result comes with the caveat that I do not provide a solution
to the optimal noise level. Providing a more comprehensive analysis of
contests with noise too low for the existence of pure strategy equilibria is
a long standing issue within the literature. As my practical application
has demonstrated, while some things can be said even with current tools, a
more comprehensive analysis will likely reveal additional insights on how
organizations are optimally designed.

Because the topic considered in this paper has a clear practical applica-
tion, empirical research in a similar direction would yield crucial additional
insights. There are several difficulties associated with testing my results
with observational data. First, it is difficult to find a natural variation of
surveillance intensities (with some exceptions, like the introduction of Video
Assistant Referees (VARs) in football). Secondly, and perhaps even more
crucially, it is very difficult to measure whether the winner of a promo-
tion contest was indeed the most talented one. As such an experimental
investigation is most likely to provide insights.
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the high-ability employee’s incentive to submit an effort level that high and,
hence, there will be no pure strategy equilibrium.

Effectively, in this setting, we an simply rewrite the prize from winning
as ρ · v+ (1− ρ) · 0. The prize from losing instead becomes ρ · 0 + (1− ρ) · v.
The prize difference, however, is still positive. Since we already know from
Lemma 1, however, that the prize difference is not important for selection
efficiency as long as it is strictly positive, we also know that selection
efficiency is unaffected by this type of noise. The following proposition
summarizes this.

Proposition 3.4 (Ex-Post Noise). Suppose that the winner receives the prize
only with probability ρ ∈ (1/2, 1). With probability 1−ρ, the prize is given to
the loser instead. Selection efficiency is unaffected compared to the standard
all-pay contest described in Lemma 1.

3.7 Conclusion

In this paper, I have demonstrated that the kind of noise induced through less
stringent employee surveillance may be beneficial in three ways. It increases
(i) selection efficiency, (ii) aggregate output, and (iii) employee welfare—and
as a result, social welfare under the assumption that the principal cares
about (i), (ii), or a convex combination thereof.

The result comes with the caveat that I do not provide a solution
to the optimal noise level. Providing a more comprehensive analysis of
contests with noise too low for the existence of pure strategy equilibria is
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