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1 Introduction

Positive discrimination policies are implemented all over the world with the aim of promoting

the opportunities of people who (are perceived to) su¤er from discrimination. These policies

can di¤er in their nature: some are intended to facilitate obtainment of higher education,

while others forbid �rms to discriminate against people based on their race, religion, sex,

and so on, when making hiring or promotion decisions. In this paper, we consider positive

discrimination policies that are aimed at improving the career prospects of people who are

discriminated against by ordering �rms to make it easier for those people to be promoted.1

A recent example of such a policy is the European Commission�s proposal to impose a 40-

percent quota for female directors on the supervisory boards of publicly listed companies.2

We show that these policies may be counterproductive in that they can actually hurt the

people they are intended to bene�t.

In the economic literature, it has long been recognized that promotions can serve as signals

about worker ability.3 The intuition is simple. A worker�s current employer is likely to receive

more comprehensive information about the worker�s ability than external �rms, i.e., learning

is asymmetric. When performance is more sensitive to ability in high-level jobs rather than

in low-level jobs, the current employer promotes the worker to a high-level job if and only if

the employer believes that the worker�s ability is su¢ ciently high. As a consequence, when

external �rms observe a worker�s promotion, they upgrade their assessment of the worker�s

ability. In turn, they have a greater interest in hiring that worker, with the result that the

worker receives more generous wage o¤ers. Finally, because �rms must pay higher wages to

retain promoted workers, �rms decide to promote ine¢ ciently few workers; that is, promotion

standards are ine¢ ciently high. Recent empirical studies �nd results that are in line with

predictions derived from the promotion-signaling model.4

We consider a promotion-signaling model with two periods. In the �rst period, �rms

1Fryer and Loury (2005) argue that positive discrimination policies are highly controversial and therefore

emphasize the importance of economic reasoning in the evaluation of these programs.
2http://ec.europa.eu/justice/newsroom/gender-equality/news/121114_en.htm#Press (last retrieved on

October 12, 2017).
3See, e.g., Waldman (1984), Bernhardt (1995), Zábojník and Bernhardt (2001), Owan (2004), Ghosh and

Waldman (2010), Zábojník (2012), Waldman (2013), Gürtler and Gürtler (2015), DeVaro and Kauhanen

(2016), Shankar (2016), Waldman (2016), and Waldman and Zax (2016).
4See DeVaro and Waldman (2012), Bognanno and Melero (2016), and Cassidy et al. (2016).
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hire workers and assign them to a low-level job. Each �rm observes the employed workers�

performances at the end of the �rst period and then decides which workers to promote

to a high-level job and which to reassign to the low-level one. External �rms observe job

assignment decisions, and thereafter make wage o¤ers to the workers to hire them. In a �rst

step, we show that the model can be used to explain why some workers are discriminated

against. In particular, the model can capture both (endogenous and exogenous) statistical

discrimination and taste-based discrimination. Take endogenous statistical discrimination

as an example. It is optimal for the �rst-period employer to promote a worker when �rst-

period performance exceeds a certain performance standard. This performance standard

need not be uniquely de�ned. The intuition for this result is the following: if external

�rms expect a worker�s �rst-period employer to set a rather high promotion standard, they

conclude that a promoted worker must be of exceptionally high ability. Therefore, they

make very generous wage o¤ers to promoted workers, which in turn makes it optimal for the

�rst-period employer to reassign the worker to the low-level job unless his performance is

exceptionally high. In other words, the external �rms�expectation of a very high promotion

standard may become self-ful�lling in the current model. The same is true for a relatively

low promotion standard. It is then conceivable that there are two identical workers playing

di¤erent equilibria with di¤erent promotion standards. In turn, only one of them (the worker

with the lower promotion standard) may be promoted, whereas the other worker is reassigned

to the low-level job and thus discriminated against.

In a second step, we introduce a positive discrimination policy into the model aimed at

improving the career prospects of people who are discriminated against. In particular, we

assume that a quota is introduced, requiring that workers from an originally disadvantaged

group �ll a certain share of the positions in the high-level job. We show that introducing

the quota lowers the promotion standard for workers who were originally disadvantaged and,

thus, favored by the policy and it increases the promotion standard for workers disadvantaged

by the policy. We distinguish between the e¤ects of the policy on workers who have already

been hired when the policy is introduced, and which we term the policy�s short-run e¤ects,

and the policy�s long-run e¤ects on workers who begin their career after the policy was

introduced.

Consider �rst a worker in the �rst half of his career (i.e., the �rst period), who has already

been hired when the policy is introduced and who is favored by the policy. For such a worker,
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the �rst-period wage does not change; the policy only a¤ects the worker�s second-period

payo¤. There are two e¤ects. First, the worker is more likely to be promoted and to obtain a

wage increase, which obviously bene�ts him or her. Second, the positive signal of promotion

to the high-level job becomes weaker, whereas the negative signal of being reassigned to the

low-level job becomes stronger. If the worker is promoted, external �rms may question the

worker�s ability and may believe that the worker was promoted only because of the positive

discrimination program. If, instead, the worker is not promoted, external �rms believe that

the worker�s ability must be extremely low because he or she did not manage to become

promoted in spite of the positive discrimination program. Because external �rms interpret

the job-assignment signal di¤erently when a positive discrimination policy is in place, their

wage o¤ers di¤er as well. In particular, both the wage for a promoted worker and for a

worker reassigned to the low-level job decreases, which clearly hurts workers. Summing up,

the introduction of the positive discrimination policy leaves those workers worse o¤who have

either very high ability, such that they would have been promoted even without the policy, or

who have such low ability that they are not considered for promotion even when the policy

is in place. In contrast, workers in the middle of the ability distribution bene�t from the

policy because those workers are promoted if and only if it is in place. It is possible that the

negative e¤ects on the workers of either low or high ability outweigh the positive e¤ects on

the workers of middle ability so that a worker�s expected payo¤ may actually decrease.

Positive discrimination policies are sometimes criticized for devaluing the achievements of

people who are intended to bene�t from the policies, possibly leading to feelings of inferiority,

self-doubt, and incompetence.5 This argument is reminiscent of our �nding that the positive

signal of promotion is weaker when a positive discrimination policy is in place than when

there is no such policy. As we show, the problem may be less that promoted workers question

their own ability, but rather that external �rms do, leading to less generous wage o¤ers.

Consider now a worker who begins his working career only after a positive discrimination

policy has been introduced. The policy a¤ects such a worker�s payo¤ in three additional

ways. First, the change in the promotion standard alters the worker�s expected second-

period compensation, as just explained, which in turn a¤ects the �rms�willingness to pay for

the worker in the �rst period. Second, by changing the number of workers from the di¤erent

worker groups initially hired, �rms can a¤ect the promotion standards. For instance, if a

5See, for example, Andre et al. (1992).
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�rm hires many workers favored by the policy, but only few workers disadvantaged by the

policy, the �rm �nds it relatively easy to satisfy the quota constraint, so that the promotion

thresholds do not deviate strongly (or at all) from the standards derived in the model without

the positive discrimination policy. In other instances, the quota constraint may be more

di¢ cult to satisfy, implying bigger changes in the promotion thresholds. As we will show,

�rms make hiring decisions such that optimal promotion standards are implemented in the

sense that workers� expected average output is maximized. The corresponding change in

workers�outputs again a¤ects the �rms�willingness to pay for workers�services. Third, due

to the policy, hiring decisions for di¤erent workers are no longer independent. This implies

that a worker may receive a total expected wage that di¤ers from the worker�s expected

productivity, in�uencing the worker�s payo¤ as well. As a consequence of these additional

e¤ects, we �nd that the targeted workers bene�t from the policy regardless of their exact

ability in the long run.

Positive discrimination policies are often argued to lead to mismatching, thereby reducing

productivity and e¢ ciency.6 Our results demonstrate that this is not necessarily true. As

mentioned before, �rms react to the policy introduction by changing the number of workers

emanating from di¤erent worker groups hired into the low-level job to cope optimally with

the policy introduction. As a result, promotion standards are implemented such that the

workers�expected average output is maximized, resulting in a more productive assignment

of workers to jobs.

We also investigate the e¤ect of the policy on workers who are disadvantaged by the policy

and therefore less likely to be promoted. Extremely able workers who are promoted in spite

of the rule may bene�t from the policy because the positive signal of being promoted grows

stronger.7

6See Andre et al. (1992).
7This �nding is related to the observation by Fang and Norman (2006) that people who (are thought

to) su¤er from government-mandated discriminatory policies are at times economically more successful than

people who bene�t from these policies. Fang and Norman (2006) present the example of ethnic Chinese in

Malaysia, who were discriminated against by governmental implementation of the "New Economic Policy",

but who did surprisingly well economically afterwards. Fang and Norman (2006) explain this observation

using a model with a public and a private sector. If a group of people is discriminated against in the public

sector, this group faces higher incentives to succeed in the private sector, implying that the group may

perform better economically.
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We derive several empirical implications from the model. An important one is that

the introduction of a positive discrimination policy lowers the wages that workers who are

supposed to be advantaged by the policy earn later in their career, and increases wages for

those workers who are disadvantaged by the policy when controlling for job level. For workers

who began their careers before the policy was put in place, their starting wage is una¤ected

by the policy. This in turn implies that the wage increase upon promotion of these workers is

altered by the positive discrimination policy. For workers who are advantaged by the policy,

the post-promotion wage decreases, while the starting wage is �xed so that the wage increase

upon promotion becomes lower. For workers who are disadvantaged by the policy, the e¤ect

is the opposite and the wage increase upon promotion gets higher. Bertrand et al. (2014)

study the e¤ects of the introduction of a quota on the boards of publicly traded Norwegian

companies, which led to an increase in the share of women elected to these boards. They

show that election to a company board entails a substantial �nancial reward for the elected

worker. After the board quota was introduced, this reward fell for women (from 9.4% percent

of annual earnings to 8%), whereas it increased substantially for men (from 4.6% to 10%),

in line with the predictions of our model. Several studies �nd that positive discrimination

policies are rather ine¤ective in diminishing average "wage gaps" between di¤erent groups

of workers.8 Our model shows that positive discrimination policies can have adverse wage

e¤ects for the targeted workers, at least in the later stages of their careers, providing a

possible explanation for this observation.

The paper is organized as follows. In the next section, we present related literature.

In Section 3, we turn to the basic model. The e¤ect of positive discrimination policies

on workers�wages is analyzed in Section 4. The empirical implications of the model are

discussed in Section 5, while Section 6 presents the conclusions. The proofs of all lemmas

and propositions are in the Appendix.

2 Related literature

As indicated before, our paper makes a contribution to the promotion-signaling literature.

The promotion-signaling model was developed by Waldman (1984) and extended by Bern-

hardt (1995), Zábojník and Bernhardt (2001), Owan (2004), Ghosh andWaldman (2010), De-

8See, for example, Smith and Welch (1984), Leonard (1996), and Burger and Jafta (2012).
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Varo and Waldman (2012), DeVaro et al. (2012), Zábojník (2012), Waldman (2013), Gürtler

and Gürtler (2015), Cassidy et al. (2016), DeVaro and Kauhanen (2016), Shankar (2016),

Waldman (2016), and Waldman and Zax (2016). The current paper extends this literature

by demonstrating how di¤erent types of discrimination can occur in the promotion-signaling

model. Furthermore, to our knowledge it is the �rst paper that examines the consequences

of positive discrimination policies in that model.

The paper is related to the economic literature on discrimination. This literature can be

divided into two di¤erent strands.9 First, there is a body of work on taste-based discrimina-

tion that was originated by Becker (1957) and further developed by, e.g., Coate and Loury

(1993a) and Black (1995). According to this literature, workers belonging to some group of

people are discriminated against because �rms incur some disutility when interacting with

these workers. Second, there is a body of literature on statistical discrimination. In this

literature, it is assumed that a worker�s ability is not fully known to potential employers.

Firms therefore use all the available information to estimate abilities. When there are dif-

ferences between groups, these di¤erences in�uence the ability assessments so that it makes

sense for the �rms to treat two workers who belong to two di¤erent groups, but are otherwise

identical, di¤erently. Di¤erences between groups can either be imposed exogenously (e.g.,

Phelps 1972), or can emerge endogenously (e.g., Coate and Loury 1993b, Moro and Norman

2003, Fryer 2007). The intuition for the latter possibility is as follows. When �rms hold

pessimistic beliefs about the abilities of a certain group of people, they are unwilling to hire

these people. In turn, members of this group of people have low incentives to enhance their

abilities, thus con�rming the �rms�pessimistic beliefs.

Our paper contributes to this literature in two ways. First, we show how discrimination

may arise in a promotion-signaling framework. Second, we examine the e¤ects of positive

discrimination policies on the payo¤s of the a¤ected workers. In many of the papers men-

tioned above, the e¤ect of positive discrimination policies on the model outcome is analyzed.

In contrast to our study, however, wages are often assumed to be exogenous. One paper

that endogenizes wages is by Moro and Norman (2003), who study statistical discrimina-

tion in a general equilibrium model with two di¤erent types of jobs. As in our model, they

show that positive discrimination policies can lower the wages of workers who are supposed

9See Fang and Moro (2011) as well as Lang and Lehmann (2012) for surveys of the economic literature

on discrimination.
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to bene�t from the policy. This happens exclusively in low-level jobs, however, and not in

high-level jobs. In our model, the introduction of a positive discrimination policy lowers the

wages of workers who are supposed to bene�t from the policy in both high-level and low-level

jobs. This is because a positive discrimination policy makes the positive signal of promotion

weaker, while the negative signal of reassignment to the low-level job becomes more signi�-

cant. In the model by Moro and Norman (2003), all �rms obtain the same information about

workers�abilities. Therefore, assignment to a speci�c job does not serve as a signal about

worker ability, meaning that the signaling e¤ects that drive results in the current model are

not present in their model.

The papers by Athey et al. (2000) and Bjerk (2008) are related to the current paper

in that they consider a job hierarchy and study discrimination with respect to promotions.

In the model by Athey et al. (2000), workers are employed in a low-level job and need

mentoring to enhance their skills and become productive in a high-level job. The skills of

a considered worker in the low-level job are enhanced more e¤ectively through mentoring if

the share of workers in the high-level job who belong to the same group as the worker is

high. As a consequence, if the high-level job is dominated by a group of workers, low-level

workers of that group receive more e¤ective mentoring, thereby becoming more productive in

the high-level job. Although �rms are farsighted and take the e¤ect of promotions on future

mentoring into account, it is possible that dominance of a group of workers persists and these

workers are more likely to be promoted than the workers of some other group. Bjerk (2008)

considers a three-level hierarchy, and new workers begin their career at the lowest level. A

worker is promoted if and only if �rms have a su¢ ciently high expectation of the worker�s

ability. If the average ability in a speci�c group of workers is low, if the workers belonging

to this group cannot send very precise signals of their ability, or if these workers have few

chances to signal their ability, even a very able worker from this group needs a long time to

upgrade the expectation about his or her ability su¢ ciently in order to be promoted. Our

model di¤ers from the models by Athey et al. (2000) and Bjerk (2008) in that we assume that

a worker�s employer receives more comprehensive information about the worker�s ability than

external �rms, implying that promotions serve as signals about worker ability. In contrast,

Athey et al. (2000) assume that abilities are observable, whereas Bjerk (2008) assumes that

there is uncertainty regarding abilities, but learning is symmetric and all �rms receive the

same information about a worker�s ability.
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Another related paper is by Milgrom and Oster (1987). They consider a model with two

types of workers that they call Visibles and Invisibles. Visibles are workers whose skills are

publicly observable. On the contrary, the skill of an Invisible can only be observed by the

current employer and becomes commonly known only if the employer decides to promote the

Invisible to a high-level job. A consequence of this assumption is that �rms have an incentive

to "hide" their Invisibles in the low-level job, implying that these workers are discriminated

against with respect to promotion decisions. Obviously, one commonality between our model

and the model by Milgrom and Oster (1987) is that promotions serve as signals about worker

ability. The important di¤erence is that Milgrom and Oster (1987) assume that the signal

is perfect, meaning that a worker�s ability becomes common knowledge upon promotion.

Instead, in our model, the signal is not perfect. Therefore, lowering the promotion standard

may actually hurt workers by making the positive signal of promotion weaker.10

As we highlighted before, our results crucially depend on the assumption that learning

about worker ability is asymmetric in the sense that a worker�s employer receives more com-

prehensive information about the worker�s ability than external �rms. A few recent papers

investigate whether symmetric or asymmetric learning about worker ability is relatively more

common in labor markets. Schönberg (2007) develops a formal model that allows for both

types of learning. The main �nding is that low-ability and high-ability workers are equally

likely to switch �rms when all �rms learn at the same rate about worker ability (i.e., when

learning is symmetric), whereas low-ability workers are relatively more likely to move to

a di¤erent �rm when there is asymmetric learning. Schönberg (2007) uses data from the

NLSY79 to test the model and she �nds evidence consistent with asymmetric learning only

for college-educated workers. Pinkston (2009) considers a model with multiple periods. A

worker is initially hired by some �rm and in each period another �rm tries to hire the worker

away from the incumbent employer. Each �rm receives a private signal about the worker�s

ability. Importantly, it is assumed that �rms engage in a bidding war for the worker�s ser-

vices, which means that �rms are able to deduce other �rms�signals through the observation

of those �rms�wage o¤ers. In consequence, when the incumbent employer manages to retain

10DeVaro et al. (2012) extend the model by Milgrom and Oster (1987) and they derive some implications

that they test with data obtained from the personnel records of a large US �rm. In Section 3.3, we explain

how our model relates to their empirical �ndings. Dato et al. (2016) conduct a laboratory experiment to test

the models by Waldman (1984) and Milgrom and Oster (1987).
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the worker for a long amount of time, the employer becomes ever better informed about the

worker�s true ability. The worker�s wage then approaches the employer�s expectation of the

worker�s productivity which, in turn, becomes an ever more accurate measure of the worker�s

actual productivity. The latter �nding is used to construct an empirical test of the model,

which is examined again using data from the NLSY79. The empirical evidence highlights the

importance of asymmetric employer learning.

Promotion decisions are often modeled as a tournament in which workers exert a costly

e¤ort to perform better than their coworkers and be considered for promotion.11 A few papers

investigate the e¤ects of positive discrimination policies in a tournament setting. In both a

theoretical model and an experimental study, Schotter and Weigelt (1992) demonstrate that

not only do the workers who are intended to bene�t from the policies win the tournament

more often (so that their career prospects are improved), but also that e¢ ciency is increased.

The intuition for the latter result is that positive discrimination policies tend to make the

tournament more equal, thus inducing workers to exert a higher e¤ort.12 In another set of

experiments, Balafoutas and Sutter (2012) show that positive discrimination policies aimed

at improving the career prospects of women encourage women to participate in (promotion)

tournaments more often instead of working under a piece-rate scheme. Again, it is found

that the policy does not entail an e¢ ciency loss. The most important di¤erence between

these studies and our paper is that the studies assume wages (i.e., tournament prizes) to be

exogenously given, while in our model wages are determined by the �rms�competition for

workers�services. Wages in our model depend on what external �rms learn about a worker�s

ability from the assignment of the worker to a speci�c job. As explained previously, wages

can therefore be lower when a positive discrimination policy is in place than when there is

no such policy, potentially hurting the workers who are intended to bene�t from the policy.

11The seminal paper on promotion tournaments is by Lazear and Rosen (1981). Konrad (2009) provides

an extensive survey of the literature on tournaments and contests.
12Similar results are obtained by Fu (2006) in the context of an allpay-auction, which he uses to study

race-conscious preferential admissions to college, and by Calsamiglia et al. (2013) in real-e¤ort tournaments

between pairs of children. Brown and Chowdhury (2017) study the handicapping of strong participants in

professional horseracing, which they �nd to increase destructive (or sabotage) e¤ort.
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3 The basic model

3.1 Description of the model and notation

We consider a model of a competitive labor market with two periods, � = 1; 2. There are

N identical �rms and a continuum of workers of (Lebesgue-) measure n; all parties are risk-

neutral. There are two di¤erent types of job, a low-level job 1 and a high-level job 2. Jobs

are indexed by k = 1; 2. Each �rm has a continuum of jobs of either type that the �rm wishes

to �ll in period � , and the respective measure for job k is denoted by Mk� .

Workers emanate from two di¤erent groups, l = A;B, whose measures are nA and nB,

respectively (nA+ nB = n). If worker j from group l is hired by �rm i 2 f1; :::; Ng in period

� and assigned to job k, his or her output is given by

ykijl� = (1 + sij� ) (ck + dkajl) : (1)

The worker�s ability is denoted by ajl and is initially unknown to all �rms and all workers

(as, for example, in Holmström 1982). We assume that ajl is continuously and independently

distributed. Furthermore, within a group l, the probability density function (pdf) of ajl is

the same for all j. It is denoted by fl and has (full) support [al; al], with al > al � 0. The

corresponding cumulative distribution function (cdf) is denoted by Fl. ck � 0 and dk > 0 are

parameters characterizing worker productivity. Following Waldman (1984), we assume that

d2 > d1 (and c2 < c1), so that output is more responsive to ability in the high-level job. We

de�ne ae := (c1�c2)=(d2�d1) as the ability level at which output is equalized across jobs and

we assume ae 2 (al; al). Finally, sij� 2 f0; Sg is an indicator variable capturing �rm-speci�c

human capital acquired in the �rst period of employment. Its realization is equal to zero

(sij� = 0) if the �rst period is considered or if the second period is considered and worker j

has moved to a di¤erent �rm after the �rst period. The variable equals S > 0 if the second

period is considered and the worker continues to work for the same �rm as in the �rst period.

Throughout Section 3, we assume that jobs are "plentiful". In particular, we assume that

Mk� > n for all k and � , so that all workers could in principle be hired by the same �rm and

assigned to the same job.13 In addition, we assume that no positive discrimination policy

restricting the �rms�decisions is in place. Under this set of assumptions, all the workers are

hired and promoted independently of each other. W.l.o.g. we therefore restrict our attention

13We introduce slot constraints in Subsection 4.4.
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to one representative �rm and the �rm�s workers from one of the groups. We assume that

the group has positive measure.

The workers�expected ability, E [ajl], is assumed to be lower than ae, so that the �rm

�nds it optimal to assign workers to the low-level job 1 in � = 1.14 At the end of the �rst

period, the �rm observes the output of each worker and then decides which job the workers

are assigned to in � = 2. Other �rms (which are also referred to as the "labor market")

cannot observe individual outputs, but can observe which job each worker is assigned to at

the end of the �rst period. They use this information to update their ability assessment for

the workers. We assume that al is so high that there is at least one ability level such that

the �rm wants to promote workers of that ability to the high-level job at the end of the �rst

period.

At the beginning of the second period, other �rms attempt to hire workers by making

wage o¤ers. It is assumed that all wage o¤ers (including the one from the current employer)

are made simultaneously. Each worker is hired by the �rm making the highest o¤er. Ties are

broken randomly except for the case in which the current employer is among the �rms o¤ering

the highest wage. In this case, the worker remains with the current employer. We assume S to

be su¢ ciently high so that, in equilibrium, �rms are never successful at hiring workers away

from the �rst-period employer.15 As in Greenwald (1986) and Waldman (2013), however,

there is a (small) probability  that a worker will switch employers after the �rst period for

exogenous reasons that are unrelated to ability and job assignment; here, the decision to

switch employers is taken only after job assignments have been made. As explained in these

two papers and in the proof of Lemma 1b), these assumptions eliminate the winner�s-curse

e¤ect. When a worker switches employers for exogenous reasons, he or she accepts the highest

wage o¤er by the external �rms. If the highest o¤er comes from multiple �rms, the worker

accepts each o¤er with the same probability.

Explicit incentive schemes that link pay to performance are not feasible; nor are long-term

contracts that bind workers to the �rm for both periods. There is no discounting.

The time structure can be summarized as follows: At the beginning of period 1, all �rms

14The �rm�s pro�t would be the same if some group of workers of zero measure were assigned to the

high-level job 2 in � = 1. Here and in some other instances, we disregard deviations for groups of workers of

zero measure; see also Assumption 1 in the next subsection.
15See Lemma 1 in the subsequent section.
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make simultaneous wage o¤ers to all workers and, upon the workers�acceptance decisions,

employment relationships begin. Workers are assigned to the low-level job and produce

period-1 outputs. At the end of the �rst period, their current employers observe these

outputs and decide about which workers to promote to the high-level job. These decisions

are followed by all �rms making simultaneous wage o¤ers to all workers for the second period.

All newly-hired workers are then assigned to a job, whereas the �rms�existing workers remain

in their assigned jobs. Finally, the workers produce their period-2 outputs.

3.2 Model solution

As described above, the �rm observes the workers��rst-period outputs and then decides which

of the workers to promote, i.e., the promotion decisions depend on the observed output levels.

According to equation (1), there is a unique linear relationship between �rst-period output

and a worker�s ability level ajl. This implies that the �rm can perfectly infer each worker�s

ability from the output observation. In the following, we will thus write the promotion

decisions as a function of the realized ability levels (instead of the output levels). A promotion

rule for some worker is then a mapping from the set of ability levels into the set of jobs.

We simplify the analysis by imposing Assumption 1. The assumption is not very restric-

tive, as we explain in the paragraph following the assumption�s statement.

Assumption 1 We only consider equilibria with the following properties:

a) The �rm chooses the same promotion rule for all workers from group l.

b) An external �rm o¤ers the same period-2 wage to all workers from group l who were as-

signed to job k at the end of the �rst period.

c) None of the �rms o¤ers a period-2 wage to some worker higher than the output that the

�rm expects the worker to produce if employing the worker.

Parts a) and b) of Assumption 1 impose symmetry within groups in the sense that all

workers from a group are subject to the same promotion rule and o¤ered the same wage

by an external �rm conditional on their job assignment. These two parts come with very

little loss of generality. First, they preclude the possibility that �rms treat almost all of

the workers with identical observable characteristics in the same way, but display di¤erent

behavior towards a null set of workers.16 Since, in the economic literature, it is typically

16A null set is a set with measure zero.
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assumed that strategies are identical if they entail a di¤erent treatment only for a null set of

workers, this preclusion is not really restrictive.17 Second, parts a) and b) of Assumption 1 do

not allow �rms to divide groups into subgroups of workers, each with positive measure, and

to treat workers in the di¤erent subgroups di¤erently. Again, this is not really restrictive.

The reason is that we could simply extend the number of groups from 2 to any larger number

without changing any of our results. Thus, if a �rm wishes to divide the workers from a

group into two subgroups, and to treat workers from the di¤erent subgroups di¤erently, we

could simply model this by adding another group with the same ability distribution as the

originally considered group. Finally, part c) of the assumption excludes weakly dominated

strategies in the sense that �rms do not o¤er wages to workers that are so high that the �rms

would expect to make a loss when hiring the workers.

Denote by A1l � [al; al] the set of ability levels for which the �rm decides to reassign

workers from group l to the low-level job in � = 2, and by A2l � [al; al] the set of ability

levels for which workers from group l are promoted to the high-level job. We assume that the

�rm always promotes a worker to job 2 when it is indi¤erent between assigning the worker

to either job 1 or job 2. Under this assumption, fA1l; A2lg is a partition of the set [al; al].

Furthermore, we denote the external �rms�belief regarding fA1l; A2lg by
n
~A1l; ~A2l

o
.

While a worker�s �rst-period employer can infer the worker�s ability from the observation

of y1ijl1, the labor market�s ability assessment of the worker depends on which job the worker

is assigned to at the end of the �rst period. The same holds for the worker�s second-period

wage, wl2, which is determined in the following lemma.

Lemma 1 a) There exists a threshold value S1 > 0 such that, in equilibrium, external �rms

are never successful at hiring workers away from the �rst-period employer if S > S1 (unless

workers switch �rms for exogenous reasons).

b) If S > S1, then the equilibrium second-period wage for all workers from group l when

assigned to job k is given by

wl2 (k) = max
n
c1 + d1E

h
ajl

���ajl 2 ~Akl

i
; c2 + d2E

h
ajl

���ajl 2 ~Akl

io
;

where E [�j�] denotes the conditional expectation operator. This wage is o¤ered by the �rst-

period employer and at least one external �rm. All other external �rms o¤er a wage smaller

than wl2(k).

17See, e.g., Ewerhart (2014), footnote 2.
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In what follows, we impose the assumption S > S1 and we determine the second-period

pro�t that the �rst-period employer i earns from employing worker j. When the employer

assigns the worker to job k, second-period pro�t can be stated as

�ijl (k) := (1� ) ((1 + S) (ck + dkajl)� wl2(k)) :

Obviously, the �rm wants to maximize the worker�s output (which depends on worker ability),

while at the same time wishing to keep wage costs as low as possible. The next proposition

characterizes the �rm�s optimal promotion rule.

Proposition 1 In equilibrium the following holds:

a) There exists a threshold value apl such that the �rm promotes all workers j from group l

at the end of � = 1 if and only if ajl � apl , i.e., A1l = [al; a
p
l ) and A2l = [a

p
l ; al].

b) The workers�second-period wages on the two job levels are given by

wl2 (1) = wl2 (1; a
p
l ) := c1 + d1E [ajljajl < a

p
l ] and

wl2 (2) = wl2 (2; a
p
l ) := c2 + d2E [ajljajl � a

p
l ] > wl2 (1; a

p
l ).

c) The �rm�s additional second-period pro�t when promoting worker j (as a function of ajl

and apl ) corresponds to

��pl (ajl; a
p
l ) = (1�) [(1 + S) (c2 � c1 + (d2 � d1) ajl)� (wl2 (2; a

p
l )� wl2 (1; a

p
l ))]. The thresh-

old value apl is implicitly de�ned by ��
p
l (a

p
l ; a

p
l ) = 0.

d) Any solution to the condition ��pl (a
p
l ; a

p
l ) = 0 satis�es a

p
l > a

e.

Proposition 1 demonstrates that each worker is promoted at the end of the �rst period

if and only if his or her ability is su¢ ciently high. As a consequence, promotion serves

as a (positive) signal of worker ability, and �rms o¤er higher wages to promoted workers

rather than to workers who are reassigned to the low-level job. Because of the wage increase

in response to promotion, the �rm promotes ine¢ ciently few workers, i.e., the promotion

standard apl exceeds the e¢ cient standard of a
e. This replicates the main �nding in Waldman

(1984). Note that it is possible that the optimal promotion standard apl is not uniquely

de�ned, i.e., the condition ��pl (a
p
l ; a

p
l ) = 0 may have more than one solution.

18 We return

to this issue in the next subsection, when we show how our model can be used to explain

worker discrimination.
18In the Appendix, we provide a speci�c example illustrating this possibility. Note that in the original

model by Waldman (1984) ability was assumed to be uniformly distributed, in which case the optimal

promotion standard is always unique.
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To conclude this section, we turn to the beginning of the �rst period. Since the labor

market is competitive, �rms are willing to pay a worker a wage such that their total expected

pro�t over both periods is zero. Because of �rm-speci�c human capital and asymmetric

learning, the �rms that manage to hire a worker in the �rst period earn a strictly positive

pro�t in the second period. Therefore, they are willing to incur a loss in � = 1, so that the

�rst-period wage exceeds the expected �rst-period output.19 The �rst-period wage is given

by

wl1 = c1 + d1E [ajl]

+ (1� )Fl (apl ) ((1 + S) (c1 + d1E [ajljajl < a
p
l ])� wl2 (1; a

p
l ))

+ (1� ) (1� Fl (apl )) ((1 + S) (c2 + d2E [ajljajl � a
p
l ])� wl2 (2; a

p
l )) : (2)

3.3 Discrimination

Thus far, we have been silent about the issue of discrimination. The model is able to capture

both endogenous and exogenous statistical discrimination. Furthermore, by slightly modify-

ing the model, we could also address the situation in which �rms discriminate against some

workers because of distaste for these workers. We discuss these possibilities in turn.

We begin with statistical discrimination that emerges endogenously, as in Coate and

Loury (1993b). Consider two workers emanating from the di¤erent groups A and B and, for

simplicity, denote the two workers as workers A and B. Suppose that the two workers are

identical ex ante, that is, fA = fB. Moreover, let there be more than one solution for a
p
l to the

condition��pl (a
p
l ; a

p
l ) = 0. It is then conceivable that the two workers face di¤erent promotion

standards apA and a
p
B (6= a

p
A), although they are identical ex ante. The intuition for this result

is the following: If external �rms expect a worker�s �rst-period employer to set a rather high

promotion standard, they conclude that a promoted worker must be of exceptionally high

ability. Therefore, they make very generous wage o¤ers to promoted workers, which in turn

makes it optimal for the �rst-period employer to reassign the worker to the low-level job
19One feature of the current model (and the one by Waldman 1984) is that wages can decrease over time,

meaning that wl1 can be higher than wl2. This result is at odds with real-world compensation schemes

which tend to be increasing over time. One way to reconcile the model results with the empirical facts is

to assume that workers acquire general human capital (in addition to �rm-speci�c human capital) in the

model�s �rst period, which makes them more productive at other �rms in the second period, implying that

the second-period wage increases.
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unless his performance is exceptionally high. In other words, the external �rms�expectation

of a very high promotion standard may become self-ful�lling in the current model. The

same is true for a relatively lower promotion standard, implying that the optimal promotion

standard may not be uniquely de�ned. Assume that worker A faces a higher promotion

standard than worker B, apA > a
p
B. If both workers are identical both ex ante and ex post,

so that they have the same ability â, and if â 2 [apB; a
p
A), worker B is promoted to the

high-level job, whereas worker A is reassigned to the low-level job. In addition, because the

lower promotion standard apB is already ine¢ ciently high, worker A receives a lower total

income than worker B. This means that two (ex ante and ex post) identical workers are

treated di¤erently and worker A is discriminated against. The latter e¤ect requires that

�rms correctly anticipate the equilibrium that is played at the end of the �rst period. Here,

it is conceivable that �rms use identi�able factors such as the race or sex of a worker to

coordinate equilibrium, implying discrimination against workers who are "trapped" in the

ine¢ cient equilibrium because of these factors.

When the solution for apl to the condition ��
p
l (a

p
l ; a

p
l ) = 0 is unique, the model can still

capture exogenous statistical discrimination. To see this, consider again two di¤erent workers

A and B, but assume that the pdfs characterizing the distribution of ability are di¤erent,

fA 6= fB. If the ability distributions are di¤erent, it is typically the case that workers di¤er in

their value of c2� c1+d2E [ajljajl � apl ]�d1E [ajljajl < a
p
l ] = wl2 (2; a

p
l )�wl2 (1; a

p
l ). In turn,

it is optimal for the �rm to set di¤erent promotion standards for the two workers (apA 6= a
p
B),

so that there are �rst-period output levels at which one of the workers is promoted, whereas

the other worker is reassigned to the low-level job.

Finally, the model could also be modi�ed to account for the �rms�taste-based discrimi-

nation against workers. The easiest way to incorporate taste-based discrimination into the

model is to assume that �rm i su¤ers some disutility �ik � 0 (per period) when the �rm

hires a member of some speci�c group of workers into job k. For the moment, let us continue

to assume that all �rms are identical so that �ik := �k for all i. Furthermore, suppose

that �1 � �2, meaning that �rms care more about what type of workers they hire into the

high-level rather than the low-level job. Because the second-period wage upon assignment

to job k is determined by the external �rms�wage o¤ers and these o¤ers decrease by �k

compared to our original model, the second-period wage decreases by �k as well. A direct

implication is that the wage spread becomes lower (unless �1 = �2), whereas the optimal
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promotion rule stays the same. To understand the latter result, notice that the �rm now

su¤ers a relatively greater disutility from promoting the worker of �2 ��1, while the wage

increase upon promotion decreases by �2 ��1; these e¤ects cancel out so that the promo-

tion decision is the same as in our main model.20 Finally, with a similar argument as for the

second-period wage, the �rst-period wage is lowered by �1.

The argumentation is a bit more complicated when �ik is not constant across �rms. In

such a situation, it makes sense to assume that, if �i01 � �i001 for two di¤erent �rms i0; i00 2

f1; :::; Ng, then we also have �i02 ��i01 � �i002 ��i001 (which in turn implies �i02 � �i002),

with the consequence that �rms can be ordered with respect to their discriminatory tastes.

To simplify the situation, we assume that �i0k = �i00k for all i0; i00 2 f2; :::; Ng and k 2 f1; 2g,

but that �11 < �21 and �12��11 < �22��21. If there are no slot constraints, as assumed

so far, then the least discriminatory �rm 1 manages to hire all the workers and pays them a

wage depending on the preferences of the other �rms. Firm 1 receives a higher payo¤ from

hiring the workers for two reasons. First, there is the obvious e¤ect that the �rm su¤ers lower

disutility from hiring the workers. Second, the �rm sets a relatively lower promotion standard,

i.e., in contrast to the model with identical �rms, taste-based discrimination can now a¤ect

the promotion rule. Interestingly, taste-based discrimination then leads to relatively more

workers being promoted. The reason is simple. When promoting a worker, �rm 1 su¤ers

(additional) disutility of �12 ��11. The wage increase upon promotion, however, is lowered

by �22��21 > �12��11. Netting out these e¤ects, �rm 1 has a higher incentive to promote

the worker, thus leading to a relatively lower promotion standard.21 Finally, if there exist slot

constraints such that the least discriminatory �rm is unable to hire all the workers, workers

will obviously be hired by multiple �rms.

It is to be noted that the three types of discrimination have di¤erent implications for

workers� career prospects and their wages. Both types of statistical discrimination imply

that some workers �nd it more di¢ cult than others to become promoted, whereas taste-based

20Of course, a worker would always prefer not to work in � = 2 rather than to work and to receive a

negative wage. In other words, wages cannot be negative, so that the preceding argument only holds if �k

does not exceed the wage in job k that would prevail in the absence of discrimination. Instead, if �k is higher

than this wage, taste-based discrimination a¤ects the promotion rule.
21Setting a lower promotion standard could be detrimental if the standard becomes ine¢ ciently low. An

ine¢ ciently low standard could always be ruled out by assuming that the �rms�preferences do not di¤er too

strongly.
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discrimination does not always have an e¤ect on the promotion rule or may even lead to more

of the disliked workers being promoted. To understand the e¤ect of discrimination on wages,

consider a worker who faces a relatively higher promotion standard because of (some type of

statistical) discrimination, but still manages to become promoted. In the case of endogenous

statistical discrimination, it is assumed that the ability distribution is the same for all workers.

Thus, by being promoted, the worker signals a high ability and is rewarded with a relatively

high wage o¤er. In contrast, in the case of exogenous statistical discrimination, the ability

distributions for di¤erent types of workers are assumed to be di¤erent. As a result, a worker

can be o¤ered a lower wage even if he or she faces a higher promotion standard. Similarly,

our simple model of taste-based discrimination predicts lower wages for workers who are

discriminated against. In light of the frequent observation that people who are perceived

to be discriminated against also receive lower wages upon promotion,22 these results allow

the conclusion that exogenous statistical discrimination and taste-based discrimination are

potentially more important than endogenous statistical discrimination.

Recent �ndings by DeVaro et al. (2012) underscore the argument that exogenous sta-

tistical discrimination could be responsible for the relatively bad career prospects of some

groups of people. They use data obtained from the personnel records of a large US �rm

and they �nd that white workers face lower promotion standards than non-white (i.e., black,

Hispanic, or Asian) workers. When tasks are more variable across hierarchical levels, it is

observed that the disadvantage of non-white workers relative to white workers is mitigated.

Bjerk (2008) argues that non-white workers tend to attend relatively worse schools than white

ones, implying that their average ability when entering the labor market is lower. In addi-

tion, the quality of schools that non-whites attend is probably more variable than the quality

of schools that whites attend, resulting in a higher variance of the non-whites�abilities.23

To account for both these e¤ects, we assume that the ability of white workers is uniformly

22For instance, the study by Bertrand et al. (2014) �nds that women appointed to the boards of publicly

traded Norwegian companies earned about 38% less than their male counterparts (before the passing of the

law mandating a 40-percent representation of each gender).
23A similar argument is advanced by Aigner and Cain (1977). They argue that certain labor market signals

are less reliable indicators of performance for black workers rather than white workers, with the consequence

that the employers�ability estimates for black workers are less precise. They use this argument to explain

why black workers are discriminated against. While their explanation relies on the �rms�risk aversion, our

results hold under risk neutrality.
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distributed on [aw; a], whereas the ability of non-white workers is uniformly distributed on

[anw; a], with anw < aw. Given the uniform distribution, the optimal promotion standards

can be determined as

apw =
d2a� d1aw + 2S (c1 � c2)

(d2 � d1) (1 + 2S)
and

apnw =
d2a� d1anw + 2S (c1 � c2)

(d2 � d1) (1 + 2S)
;

implying a relatively higher promotion standard for the non-white workers (apw < a
p
nw). Notice

that

apnw � apw =
d1 (aw � anw)

(d2 � d1) (1 + 2S)
:

When tasks become more variable across hierarchical levels, it is likely that d2 increases

and/or d1 decreases (of course, c1 and c2 can change as well). In either case, apnw � apw
becomes lower, mitigating the disadvantage of the non-white workers relative to the white

ones, as found by DeVaro et al. (2012).

4 Positive discrimination policy

We now introduce a positive discrimination policy into the model that is aimed at improving

the career prospects of people who are discriminated against. The policy that we consider

sets a quota � 2 [0; 1] for the workers of group A in the high-level job, meaning that workers

belonging to group A must �ll a share of at least � of the positions in the high-level job.

If the promotion standard is not unique, even a small policy intervention may induce �rms

and workers to switch from one equilibrium to another, implying a substantial change in

the promotion standard. We avoid such di¢ culties by focusing on the e¤ects of the policies

conditional on a speci�c equilibrium being played. The easiest way to justify this proce-

dure is to come up with conditions that guarantee that the solution for apl to the condition

��pl (a
p
l ; a

p
l ) = 0 is unique. This is assumed in the following.

24 We write apli if we refer to the

promotion standard of a speci�c �rm i.

24As mentioned before, if abilities are uniformly distributed, as assumed, e.g., by Waldman (1984), then

the solution for apl to the condition ��
p
l (a

p
l ; a

p
l ) = 0 is always unique.
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4.1 Workers who are already employed when the policy is intro-

duced

Our analysis is divided into two parts. We begin by studying the e¤ects of the policy on

workers who have already been hired and who are in the �rst half of their career (i.e., the

�rst period) when the policy is introduced and which we term the policy�s short-run e¤ects.

Thereafter, we investigate the policy�s long-run e¤ects on workers who begin their career

after the policy was introduced. Studying the short-run e¤ects of the policy makes sense for

a number of reasons. First, it may take a considerable amount of time until the ultimate

e¤ects of the policy are borne out. Firms may react to the introduction of the policy by

changing the composition of their workforce, potentially hiring new workers from speci�c

worker groups, while separating from other workers. These types of decisions are lengthy,

meaning that the transition from the old to the new equilibrium may take quite long so

that it is important to study the e¤ects of the policy during the transitional period. Second

and related to the �rst point, policymakers often face a lot of pressure to reverse policies,

in particular when these policies fail to achieve their goals in the short run. To understand

whether policymakers should succumb to the pressure or whether they should stick with their

policies, it is important to know whether and how the policy�s short-run e¤ects di¤er from

the e¤ects in the long run. Third, several countries have lately introduced policies aimed

at facilitating career advancement for certain groups of people and researchers have started

to investigate the e¤ects of these policies. Given the recent introduction of the policies, it

is likely that the considered countries are situated in the transitional period in which �rms

are still adapting to the policies� introduction. Formally studying the short-run e¤ects of

the policy is therefore important to derive some implications that can be contrasted with

the existing empirical evidence. Fourth, considering the short-run e¤ects is also bene�cial

for pedagogical reasons. Understanding the short-run e¤ects of the policy makes it easier to

understand the policy�s long-run e¤ects, since the short-run e¤ects operate in the long run

as well.

In the short run, two variables are not a¤ected by the policy. First, the workers�period-1

wages are �xed because these wages have already been determined before the policy was put

in place. Second, each �rm�s composition of the workforce is �xed as well because period-1

hiring decisions have already been made. Regarding the latter, we make the assumption that
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�rm i originally managed to hire a continuum of workers emanating from group l of measure

nli > 0. We consider a symmetric situation by assuming that nli =
nl
N
for all i 2 f1; :::; Ng and

l 2 fA;Bg. The interpretation is that all N �rms made the same wage o¤ers to all workers

from the same group l before the quota was introduced, with the consequence that each �rm

managed to hire the same "number" of workers.25 This symmetry assumption implies that

�rms manage to hire the very same measures of workers that they lose to external �rms at

the beginning of period 2, so that the newly-hired workers can simply replace the leaving

workers. The following proposition characterizes the short-run e¤ects of the policy.

Proposition 2 Suppose that all �rms hired a continuum of workers from groups A and B

of measures nA
N
and nB

N
, respectively, before the positive discrimination policy was introduced.

Further, suppose that S > S2, where S2 > 0 is a threshold value. Then there is �1 such that,

if � < �1, an equilibrium with the following properties exists after the introduction of the

policy:

a) Each �rm promotes all workers from group l 2 fA;Bg with ability ajl � aql to the high-level

job at the end of � = 1 and reassigns all other workers to the low-level job, where aqA (� a
p
A)

and aqB (� a
p
B) are the new promotion thresholds after the quota � was introduced.

b) At the beginning of � = 2, all �rms o¤er the same wage wl2 (k; a
q
l ) to each worker from

group l who was assigned to job k. The wages for the two jobs are given by

wl2 (1; a
q
l ) = c1 + d1E [ajljajl < aql ] and

wl2 (2; a
q
l ) = c2 + d2E [ajljajl � aql ] > wl2 (1; a

q
l ) :

c) With probability 1 � , a worker accepts the o¤er of his �rst-period employer. With

probability , the worker switches the employer for exogenous reasons. In this case, the worker

randomly selects each of the external �rms�o¤ers with the same probability 1=(N � 1).

d) The period-1 employers always manage to retain their workers unless workers switch �rms

for exogenous reasons. Each �rm loses a continuum of workers from group l who were assigned

to job 1 of measure Fl (a
q
l )

nl
N
. At the same time, each �rm manages to hire a continuum

of workers from group l who were assigned to job 1 at other �rms of the same measure

Fl (a
q
l )

nl
N
, and replaces the departing workers from group l in job 1 with the newly-hired ones

from the same group and job. The same holds for job 2, where the corresponding measure is

 (1� Fl (aql ))
nl
N
.

25Notice that such a symmetric equilibrium always exists in the model from Section 3.
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The most important implication of Proposition 2 is that the introduction of the policy

leads to changes in the two groups�promotion standards; for group A, the standard is lowered

from apA to a
q
A; for group B, the standard is increased from apB to a

q
B. Intuitively, because

of the quota it is possible that the �rst-period employer is ordered to promote more workers

from group A or fewer workers from group B than he or she voluntarily would. It is then

optimal for the employer to promote the next-best workers from group A or to demote the

worst workers from group B, implying the described changes in the promotion standards.26

Except for the change in the promotion standards, the results are similar to those of the

basic model. Period-2 wages are again determined by competition among the �rms for the

workers�services. Because workers are more valuable to the current employer than to external

�rms, the employer manages to retain workers unless they decide to switch �rms for exogenous

reasons. And as explained before, since �rms are initially of equal size, �rms hire the very

same measures of workers that they lose to external �rms, meaning that the newly-hired

workers can simply replace the leaving workers. The condition � < �1 is important for this

latter �nding and also for the period-2 wage o¤ers. The condition implies E [ajAjajA � aqA] �

ae, which means that the promotion standard for group A never becomes so low in response

to the policy introduction that �rms expect promoted workers from this group to be more

productive in the low-level rather than the high-level job.

In the remainder of this subsection, we will take a closer look at the e¤ects of the policy

on workers�wages. We concentrate on the workers from group A, who are supposed to bene�t

from the policy.

Proposition 3 Suppose that the positive discrimination policy a¤ects short-run behavior as

described in Proposition 2.

a) Then wl2 (k; a
q
l ) is strictly increasing in a

q
l .

b) When the policy lowers the promotion standard for group A from apA to a
q
A, workers with

26Estevan et al. (2014) make similar arguments in the context of college admission. They study the Texas

top ten percent policy, which guarantees Texas students who graduated in the top ten percent of their high

school class automatic admission to all state-funded colleges. The rule makes it easier for students from high

schools with many disadvantaged students to be admitted to college, which is equivalent to a decrease in the

educational standard that these students must meet. Interestingly, Estevan et al. (2014) �nd that the rule

induced some students to switch strategically to a di¤erent high school to improve their chances of being

admitted to college.
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ability ajA 2 [aA; a
q
A) [ [a

p
A; �aA] receive a lower second-period wage and workers with ability

ajA 2 [aqA; a
p
A) receive a higher wage.

The positive discrimination policy has two e¤ects on the second-period payo¤ of a worker

from group A who is favored by the policy. First, the worker is more likely to be promoted

and obtain a wage increase, which obviously bene�ts the worker. Second, the positive signal

of promotion to the high-level job becomes weaker, whereas the negative signal of being

reassigned to the low-level job becomes stronger. If the worker is promoted, external �rms

may question the worker�s ability and may believe that the worker was promoted only because

of the positive discrimination policy. If the worker is not promoted, external �rms may believe

that the worker�s ability must be extremely low because he or she was not promoted in spite

of the positive discrimination program. Because external �rms interpret the job-assignment

signal di¤erently when a positive discrimination policy is in place, their wage o¤ers also di¤er.

In particular, both the wage for a promoted worker and a worker reassigned to the low-level

job decrease, as shown in part a) of Proposition 3. This obviously hurts workers. The second

part of the proposition demonstrates that the introduction of the positive discrimination

policy leaves those workers who either have a very high ability so that they would have been

promoted even without the policy, or who have such low ability that they are not considered

for promotion even when the policy is in place, worse o¤. In contrast, workers in the middle

of the ability distribution bene�t from the policy because those workers are promoted if and

only if �rms are bound to the positive discrimination policy.

It is possible that the negative e¤ects on workers of either low or high ability outweigh

the positive e¤ects on the workers of middle ability, so that a worker�s expected payo¤ may

actually decrease. As will be shown in Proposition 4, this happens only if the promotion

standard is su¢ ciently below the e¢ cient level that the ine¢ ciency due to a standard that

is too low is larger than the promotion signaling distortion which causes an ine¢ ciently high

standard.

Proposition 4 Suppose that the positive discrimination policy a¤ects short-run behavior as

described in Proposition 2. Denote by WA2 (a
q
A) the expected second-period wage of a worker

from group A as a function of aqA and de�ne â 2 [aA; ae) implicitly by E [ajAjajA � â] = ae.

a) WA2 has a global maximum at ae.

b) There exists a threshold âq 2 (â; ae) such that WA2 (a
q
A) < WA2 (a

p
A) for all a

q
A 2 (â; âq).
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4.2 Workers who begin their career after the policy is introduced

In this subsection, we investigate the long-run e¤ects of the policy. Compared to the previous

subsection, the e¤ects of the policy may be altered for two reasons. First, the period-1 wage

is no longer �xed and will be changed due to the policy. Second, �rms may also have an

incentive to change the composition of their workforce. For instance, by hiring more workers

from group A into the low-level job at the beginning of � = 1, �rms �nd it easier to satisfy

the quota in the high-level job in � = 2, thereby a¤ecting the promotion standards for the

two groups of workers.

In order to determine an equilibrium of the game, we start the analysis by considering an

auxiliary program. For ease of notation, de�ne

Yl1 := c1 + d1E [ajl] and

Yl2 (a
p
l ) := Fl (a

p
l ) (c1 + d1E [ajljajl < a

p
l ]) + (1� Fl (a

p
l )) (c2 + d2E [ajljajl � a

p
l ])

as the expected outputs of a worker from group l in the two periods when the worker�s em-

ployer sets the promotion standard apl (excluding �rm-speci�c human capital). We also set

qAi := nAi=nBi and qBi := nBi=nAi (and thus qAi = 1=qBi), where nli again represents the

measure of workers from group l hired by �rm i. Furthermore, as in the proof of Proposition

2, we de�ne qpAi(a
p
A; a

p
B) :=

nAi�(1�FA(apA))
nAi�(1�FA(apA))+nBi�(1�FB(a

p
B))
as the share of promoted workers from

group A in �rm i. The auxiliary program (APi) of �rm i corresponds to the maximization

of the expected average output per worker who begins to work for the �rm under the con-

straint implied by the quota � and the equilibrium constraints that determine the promotion

thresholds.27

Max
qBi;a

p
Ai;a

p
Bi

X
l2fA;Bg

1

1 + qli
[Yl1 + (1 + (1� )S)Yl2 (apli)]

s.t.

qpAi(a
p
Ai; a

p
Bi) > �; ��pA(a

p
Ai; a

p
Ai) = ��

p
B(a

p
Bi; a

p
Bi) = 0;

or

qpAi(a
p
Ai; a

p
Bi) = �; ��pA(a

p
Ai; a

p
Ai) � 0 � ��

p
B(a

p
Bi; a

p
Bi);

� ���pA(a
p
Ai; a

p
Ai) + (1� �) ���

p
B(a

p
Bi; a

p
Bi) = 0:

27Note in the following optimization problem that nli=(nAi + nBi) = 1=(1 + qli) for l 2 fA;Bg.
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In the �rst period, a worker from group l is expected to produce output equal to Yl1. In

the second period, the worker produces an expected output of (1 + S)Yl2 (a
p
li) when staying

with the �rm (which happens with probability (1� )) and of Yl2 (apli) when moving to one of

the other �rms (which happens with probability ). The constraints ensure that �rm i does

not wish to deviate from the optimal promotion standards in the presence of the positive

discrimination policy. We explain this in detail in the proof of part c) of Proposition 5.28

In the following, we denote the solution to the program by q�B (�), a
p�
A (�) and a

p�
B (�).

On the basis of this solution, we are able to characterize an equilibrium when the positive

discrimination policy is present. To simplify the exposition, we assume that nB=nA = q�B (�).

In words, the ratio of workers from the two groups in the total population is equal to the

corresponding ratio solving (APi). As we show, in equilibrium all �rms want to hire workers

from the two groups such that their ratio is q�B (�). If nB=nA were not equal to q
�
B (�), some

�rms would not be able to do so; instead, these �rms would be segregated in that they would

manage to hire only workers from one of the groups. This would make the analysis more

complicated without adding any important new insights. The assumption nB=nA = q�B (�)

could be justi�ed by arguing that the workers who are "left over" when all �rms hire workers

from the two groups, such that their ratio is q�B (�), leave the industry to work in another

industry. We further simplify the exposition by assuming E [ajAjajA � ap�A ] � ae, implying

that external �rms expect workers from group A who are promoted by their original employer

to be relatively more productive in the high-level than in the low-level job. This is similar

to what we assumed in Proposition 2. A su¢ cient condition for E [ajAjajA � ap�A ] � ae to

hold is that � is not too high and the workers from group B are not much more productive

than the workers from group A, i.e., YB1� YA1 and YB2 (a)� YA2 (a) should not be too high.

If productivity di¤erences are su¢ ciently low, the measure of hired workers emanating from

group A is su¢ ciently large that workers from group A are promoted only if their ability is

relatively high.

Proposition 5 Denote by q�B, (q
�
A = 1=q�B,) a

p�
A and ap�B the solution to problem (APi).

Assume that nB=nA = q�B and E [ajAjajA � a
p�
A ] � ae. If S > S2, an equilibrium with the

following properties exists.

28Notice that either the condition ��pA(a
p
Ai; a

p
Ai) � 0 or ��pB(a

p
Bi; a

p
Bi) � 0 could be removed from the

program (APi) because it is implied by the remaining two conditions of (APi).
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a) At the beginning of � = 1, N̂ 2 f3; :::; Ng of the �rms o¤er the same wage wl1 to every

worker from group l 2 fA;Bg. Using ` 2 fA;Bg n flg this wage is given by

w�l1 =
1

1 + q�l
(Y`1 + q

�
l Yl1 + (1 + (1� )S)Y`2 (a

p�
` ) + (q

�
l (1� )S � 1)Yl2 (a

p�
l )) :

The remaining N � N̂ �rms do not make any wage o¤ers.

b) Each worker accepts each of the highest o¤ers with the same probability 1

N̂
. Thus, in

� = 1, each of the N̂ �rms hires a continuum of workers of measure n̂l := nl=N̂ from group

l 2 fA;Bg and assigns all these workers to the low-level job.

c) At the end of � = 1, each �rm promotes all workers from group l with ability ajl � ap�l to

the high-level job and reassigns all other workers to the low-level job.

d) At the beginning of � = 2, all N̂ �rms o¤er the same wage wl2 (k; a
p�
l ) to each worker from

group l who was assigned to job k. The wages for the two jobs are given by

wl2 (1; a
p�
l ) = c1 + d1E [ajljajl < ap�l ] and

wl2 (2; a
p�
l ) = c2 + d2E [ajljajl � ap�l ] > wl2 (1; a

p�
l ) :

The remaining N � N̂ �rms do not make any wage o¤ers.

e) With probability 1 � , a worker accepts the o¤er of his �rst-period employer. With

probability , the worker switches the employer for exogenous reasons. In this case, the worker

randomly selects each of the highest o¤ers by the external �rms with the same probability

1=(N̂ � 1).

f) The period-1 employers always manage to retain their workers unless workers switch �rms

for exogenous reasons. Each �rm loses a continuum of workers from group l who were assigned

to job 1 of measure Fl (a
p�
l ) n̂l. At the same time, each �rm manages to hire a continuum

of workers from group l who were assigned to job 1 at other �rms of the same measure

Fl (a
p�
l ) n̂l, and replaces the departing workers from group l in job 1 with the newly-hired

ones from the same group and job. The same holds for job 2, where the corresponding measure

is  (1� Fl (ap�l )) n̂l.

The intuition for the proposition is the following. By changing the measures of hired

workers from the two groups, �rms can a¤ect the promotion standards. For instance, if the

measure of hired workers from group A is high, while the measure of hired workers from

group B is low, a �rm �nds it relatively easy to satisfy the quota constraint, so that the
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promotion thresholds do not deviate strongly (or at all) from the standards derived in the

model without the positive discrimination policy. In contrast, if the measure of hired workers

from group A is low, while the measure of hired workers from group B is high, the quota

constraint becomes much more di¢ cult to satisfy, implying bigger changes in the promotion

thresholds. In the equilibrium, �rms make hiring decisions such that the ratio of the measures

of hired workers from the two groups leads to optimal promotion standards in the sense that

the objective function from (APi) is maximized.

Another result is that a worker�s total expected wage no longer necessarily equals the

worker�s expected output. In the basic model from Section 3, all hiring decisions were made

independently of each other, so that a �rm earned zero expected pro�t from hiring any worker.

Because of the positive discrimination policy, hiring decisions are not independent anymore,

implying that the zero-pro�t condition holds on the aggregate level (i.e., for the entirety

of workers a �rm employs), but not necessarily on the individual level. In the equilibrium

characterized in Proposition 5, workers from the two di¤erent groups receive exactly the

same expected total wage, meaning that all gains from trade are distributed evenly among

the workers from the di¤erent groups. It is not clear whether gains from trade could be

distributed in a di¤erent way, i.e., whether an equilibrium with the same properties as that

from Proposition 5, but with a di¤erent choice of period-1 wages, exists. The period-1 wages

described in the proposition lead to a stable solution in the sense that �rms make sure that

none of the other �rms has an incentive to outbid the �rm at the beginning of the �rst period.

While a zero-pro�t constraint on the �rm-level could also be ful�lled for other combinations

of period-1 wages for the two groups, other wages may tempt �rms to deviate from the

described equilibrium.

A simple numerical example illustrates this point. Suppose that q� = 1 and a �rm wishes

to hire a continuum of workers from the two groups of measure 5, respectively. Let the

expected output per unit of measure be 6 for group A and 4 for group B, so that the total

output of all the workers equals 50. Furthermore, suppose that another �rm wants to hire

a continuum of workers from group A of measure 1 and a continuum of workers from group

B of measure 5 and that the expected output per unit of measure is 4:8 for both groups

in this case, resulting in total output of 28:8. Now if the �rst �rm does not distribute the

gains from trade evenly among the workers from the two groups, it risks losing some of the

workers. To illustrate this, suppose that all workers receive a total expected wage equal to
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their expected output, that is, all workers from group A receive a total expected wage of 6

per unit of measure, whereas those from group B receive just 4. Then the second �rm could

overbid the �rst �rm by o¤ering slightly above 6 per unit of measure for the workers from

group A and slightly above 4 for the workers from group B. The �rm�s pro�t would be close

to 28:8� 26 = 2:8, so that the second �rm would gain from hiring the workers away from the

�rst �rm. Instead, if the �rst �rm distributed the gains from trade evenly among the two

groups of workers and paid both groups a total expected wage of 5 per unit of measure, the

second �rm would never have an incentive to hire workers away from the �rst one.

In the next step, we take a closer look at the e¤ects of the positive discrimination policy

on workers�wages. We �nd that the long-run e¤ects of the policy di¤er substantially from the

corresponding short-run e¤ects. In particular, under some additional conditions, the targeted

workers always bene�t from the policy regardless of their ability level.

Proposition 6 Suppose that the equilibrium from Proposition 5 is played. Furthermore,

assume that any solution to (APi) has q�A > 0 and q
�
B > 0 and that YA1 � YB1. Then there

is another threshold-value S3 such that, if S > S3, any worker j of group A receives a higher

total wage than in the situation without the policy (where total wage refers to the sum of �rst

and second-period wages when conditioning on the worker�s ability level).

With the same reasoning as in Proposition 3, for a worker of group A the second-period

wage, conditional on the job level, always decreases when the promotion standard is lowered

due to the positive discrimination policy. In contrast, the �rst-period wage may well increase.

Three e¤ects are at work. First, the change in the promotion standard changes the worker�s

expected second-period compensation, which in turn a¤ects the �rms�willingness to pay

for the worker in the �rst period. Second, as explained before, �rms make hiring decisions

such that the ratio of the measures of hired workers from the two groups leads to optimal

promotion standards in the sense that the objective function from (APi) is maximized. This

increases the workers�expected outputs and the �rms�willingness to pay for workers�services.

Third, as also explained, hiring decisions are now interdependent with the consequence that

all workers�expected total wages are equalized.

As Proposition 6 indicates, the increase in the period-1 wage can be su¢ ciently strong such

that the e¤ects of the policy on workers�period-2 wages are outweighed and workers receive

higher total wages regardless of their ability. The conditions in the proposition ensure that the
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period-1 wage for a group-A worker responds more strongly to changes in S when the positive

discrimination policy is in place rather than when there is no such policy. As a consequence,

when S is su¢ ciently large, all workers from group A bene�t from the introduction of the

policy.

When all workers from group A bene�t from the policy, it is obvious that they also bene�t

from the policy in expectation, that is, before their ability is known. The corresponding result

is described in Proposition 7, which shows that the requirements are somewhat weaker than

those in Proposition 6. The e¤ects that drive the results are the same as highlighted in the

discussion of Proposition 6.

Proposition 7 Suppose that the equilibrium from Proposition 5 is played. Furthermore,

assume that any solution to (APi) has q�A > 0 and q
�
B > 0. Then any worker j of group A

receives a higher expected total wage than in the situation without the policy (where expected

total wage refers to the sum of �rst-period and expected second-period wages).

4.3 E¤ect on people disadvantaged by the policy

In this subsection, we brie�y address the e¤ects of the positive discrimination policy on

workers who are disadvantaged by the policy and who therefore face a relatively higher

promotion standard, as explained before. Using our previous results, it is clear that some of

the workers who are supposed to be disadvantaged by the policy may actually be better o¤,

at least in the short run. As shown in Proposition 3, extremely able workers who manage

to become promoted in spite of the policy receive a higher second-period wage because the

positive signal of being promoted grows stronger. The same holds for rather unable workers

who are not promoted even if there is no positive discrimination policy that makes it more

di¢ cult for them to move up the corporate ladder. In contrast, workers who are promoted if

and only if no positive discrimination policy is in place are typically worse o¤. Given that the

�rst-period employer promotes ine¢ ciently few workers, a further increase in the promotion

standard reduces expected output. In expectation, workers therefore su¤er and receive a

lower total wage. This may explain why, in practice, members of an initially advantaged

group rarely lobby to have positive discrimination policies enacted, although some of them

may actually be better o¤ when such policies are introduced.
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4.4 Slot constraints in the high-level job

Up to this point, we imposed the assumption Mk� > n for all k and � , so that all workers

could in principle be hired by the same �rm and assigned to the same job. An implication

of this assumption is that each of the �rms is able to promote any number of its �rst-period

employees. In practice, however, positions on higher levels of the �rms�hierarchies are often

scarce. In this subsection, we therefore discuss the impact on the model of slot constraints

in the high-level job, that is, we now disregard the assumption M2� > n. Interestingly, intro-

ducing slot constraints into our model does not change any of our results. In the preceding

analysis, we started by addressing the basic model without a positive discrimination policy

and we proceeded by investigating the policy�s short-run and long-run e¤ects. In the remain-

der of this subsection, we study these three situations one after the other and we explain why

our previous results are robust to considering slot constraints in the high-level job.

One �nding of the basic model was that �rms choose ine¢ ciently high promotion stan-

dards for both groups A and B. Consider some �rm i and assume that the �rm hired a

continuum of workers emanating from groups A and B of measures nAi > 0 and nBi > 0, re-

spectively, at the beginning of � = 1. Denote by apli the �rm�s optimal promotion standard for

group l, as determined in Proposition 1. Then, if nAi (1� FA (apAi)) + nBi (1� FB (a
p
Bi)) �

M22, the slot constraint would not really restrict the �rm�s decision since the �rm would

not want to promote more workers than allowed by the constraint. On the contrary, if

nAi (1� FA (apAi)) + nBi (1� FB (a
p
Bi)) > M22, the slot constraint would be violated and the

�rm forced to promote fewer workers than it would normally want to do. Promoting fewer

workers is equivalent to raising (at least one of) the promotion standards, and, since the

standards are already ine¢ ciently high, would lead to a reduction in the attainable surplus.

Notice that �rm i can a¤ect nli by deciding about how many workers to make an o¤er to

at the beginning of � = 1. Hence, �rms could structure their period-1 wage o¤ers such that

nAi and nBi are su¢ ciently small that nAi (1� FA (apAi)) + nBi (1� FB (a
p
Bi)) � M22 holds.

In other words, �rms could deliberately decide to stay small in order not to be a¤ected by

the slot constraint. Given that there is competition among �rms and an "e¤ective" slot con-

straint leads to a reduction in surplus, only the small �rms are able to compete e¤ectively

for workers�services, implying that, in equilibrium, all the active �rms decide to stay small

and the slot constraint has no e¤ect on promotion decisions.
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Consider now the short-run e¤ects of the positive discrimination policy. Our main argu-

ment in Subsection 4.1 was that the policy changes the promotion standards; for group A

the standard is lowered, whereas for group B the standard is increased. The slot constraint

may in principle a¤ect the size of these changes. To understand this, suppose that the condi-

tion nAi (1� FA (apAi))+nBi (1� FB (a
p
Bi)) =M22 holds before the policy is introduced, that

is, �rm i made hiring decisions such that the slot constraint is just binding at the optimal

promotion standards. If the �rm wishes to react to the policy by lowering the promotion

standard for group A and, thus, promoting more workers from group A, the slot constraint

could be violated. This means that a decrease in the promotion standard for group A poten-

tially requires a su¢ ciently large increase in the promotion standard for group B to meet the

slot constraint. The slot constraint may therefore a¤ect the exact values of the promotion

standards. The qualitative predictions of the analysis from Subsection 4.1, however, are not

a¤ected by the slot constraint. Each �rm still tends to react to the policy by lowering the

promotion standard for group A and increasing the standard for group B.

Finally, the slot constraint does not a¤ect our conclusions regarding the policy�s long-run

e¤ects. The argument is essentially the same as for the basic model. In Proposition 5, it was

shown that there is an optimal ratio of group sizes and that �rms hire workers from the two

groups in accordance with that ratio at the beginning of � = 1. The absolute sizes of the

two groups of workers that �rms employ, however, were indeterminate and depended on the

number of active �rms in the market. So if there is a slot constraint in the high-level job,

which, if binding, would entail less e¢ cient decisions on the part of the �rms, an equilibrium

is played in which �rms are su¢ ciently small (or su¢ ciently many �rms are active) such

that the slot constraint simply does not restrict the �rms�decisions. Put di¤erently, the

equilibrium is the same as in Proposition 5, just with a su¢ ciently large N̂ .

5 Empirical implications of the model

Several empirical implications can be derived from the model. We studied the short-run

and long-run e¤ects of the positive discrimination policy and we begin by discussing the

implications that are common to both these studies. In general, the policy could have an e¤ect

on the �rms�hiring decisions, their promotion decisions, and their wage o¤ers to the workers.

When we studied the policy�s short-run e¤ects, the initial hiring decisions had already been
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made, so we start by discussing the e¤ects of the policy on promotions and period-2 wage

o¤ers. We demonstrated that the introduction of the policy leads to changes in the promotion

standards for the di¤erent groups of workers (Proposition 2). A direct implication is that

the policy�s introduction changes the employment of people from an initially disadvantaged

group and an initially advantaged group in high-level jobs. While more people from the

former group are promoted to the high-level job, there are fewer people from the latter group

in the very same job. In line with this prediction, Holzer and Neumark (2000), surveying the

literature on positive discrimination programs, conclude that these "programs redistribute

employment [...] from white males to minorities and women" (p. 558). Recent studies such

as Kurtulus (2012) and Bertrand et al. (2014) underscore this observation. Kurtulus (2012)

�nds that the share of minorities and women who are employed in high-paying skilled jobs

in the US grew more between 1973 and 2003 in �rms that were subject to a¢ rmative action

regulations than in �rms that were not. Bertrand et al. (2014) study the e¤ects of a law that

was passed in Norway in 2003, which mandates a forty-percent representation of each gender

on the boards of publicly traded companies. They observe that many �rms changed their

status to private after 2003 to be exempt from the law. The remaining �rms signi�cantly

increased the number of female directors on the board, but only after the introduction of

severe sanctions for noncompliance.

An important implication of the model is that the introduction of the policy lowers the

wages that workers who are advantaged by the policy earn later in their careers, and increases

the wages for workers who are disadvantaged by the policy when controlling for job level

(Proposition 3). The starting wage of workers who began their working careers before the

policy was implemented is una¤ected by the policy. This, in turn, implies that the wage

increase upon promotion for these workers is changed by the positive discrimination policy.

For workers who are advantaged by the policy, the post-promotion wage decreases, while the

starting wage is �xed so that the wage increase upon promotion also decreases. For workers

who are disadvantaged by the policy, the e¤ect is the opposite and the wage increase upon

promotion increases. Note that this is exactly what Bertrand et al. (2014) �nd in their

analysis of Norwegian companies. They show that election to the board of a company entails

a substantial �nancial reward for the elected worker. After the board quota was introduced,

this reward fell for women (from 9.4% percent of annual earnings to 8%), while it increased

substantially for men (from 4.6% to 10%).
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Another implication is that the expected wage a worker earns later in his career potentially

decreases when a positive discrimination policy favoring the worker is introduced (Proposition

4). As a consequence, it is possible that such policies do not diminish average "wage gaps"

between di¤erent groups of workers. Support for this implication is provided by several

studies. Smith and Welch (1984) study wage gaps between white and black men in the

US between 1967 and 1980. They show that the wage gap became narrower in the �rst

years of their analysis (until 1972), but that it stabilized after e¤ective monitoring systems

for a¢ rmative action were established. The study by Leonard (1996) focuses on the US

labor market in the 1980s and comes to a similar conclusion: "Between 1980 and 1990 the

average wage gap decreased dramatically for women but increased for every other group."

The most striking evidence is provided by Burger and Jafta (2012), who study the impact

of a¢ rmative action programs on employment and wages in South Africa. They show that

the average wage gap between white and black workers increased substantially after the

a¢ rmative action policies were put in place. As argued before, these at �rst sight perverse

e¤ects are consistent with the results of our model.

When we investigated the policy�s long-run e¤ects, we showed that the policy also a¤ects

decisions in the �rst period and we discuss the corresponding empirical implications next.

A �rst observation is that �rms may change the composition of their workforce in the �rst

period, in order to cope better with the policy�s restrictions in the future (Proposition 5). In

particular, �rms make hiring decisions such that the ratio of the measures of hired workers

from the two groups leads to optimal promotion standards maximizing expected average

output per worker. This could be understood as a type of trickle-down e¤ect, meaning that

the policy not only a¤ects which (older) workers �rms promote to the high-level job, but

also which (younger) workers they hire into the low-level job. Bertrand et al. (2014) do

not observe such trickle-down e¤ects in their study of Norwegian companies, but, as argued

before, it is conceivable that they studied a transitional period in which �rms are still adapting

to the policy�s introduction. It would thus be interesting to repeat the analysis of Bertrand

et al. (2014) in a few years to study the policy�s long-run e¤ects.

Another �nding of our model is that, after the introduction of the policy, a worker�s total

expected wage could be di¤erent from the worker�s expected output (Proposition 5). Hiring

decisions are interdependent with the consequence that the zero-pro�t condition holds for

the entirety of workers a �rm employs, but not necessarily on the individual level. More
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speci�cally, in the considered equilibrium all workers receive exactly the same expected total

wage regardless of whether they emanate from group A or B. If there are productivity

di¤erences between the groups, an implication is that workers of one group are overpaid

in the sense that they receive an expected wage exceeding their expected output, whereas

workers from the other group are underpaid. In other words, an empirical implication of the

model is that positive discrimination programs lead to systematic di¤erences between wages

and productivity for workers emanating from di¤erent groups. We are not aware of any study

investigating such di¤erences, but believe that this would be an interesting avenue for future

research.

Finally, our model predicts that all external job moves are lateral in the sense that workers

stay at the same job level when moving to an external �rm. This prediction is independent

of whether or not the positive discrimination policy is in place. When the policy is in place,

however, the result hinges on the assumption of symmetric �rms, which implies that �rms

manage to hire the very same measures of workers that they lose to external �rms (conditional

on group a¢ liation and job assignment), so that the newly-hired workers can simply replace

the leaving workers. If we extended the model (e.g., Proposition 2) to allow for asymmetric

�rms, the results may be di¤erent. If �rms di¤ered in size, for instance, a smaller �rm may

hire more workers than it loses to the external �rms. In this case, it is conceivable that, due

to the quota constraint, the �rm cannot assign all workers to the high-level job who were

promoted by their initial employers. Two reactions by the �rm are possible. To meet the

quota constraint, it may either promote some workers from group A to the high-level job who

were assigned to the low-level job by their initial employer, or it may demote some workers

from group B to the low-level job who were initially assigned to the high-level job. The model

could thus be modi�ed such that the policy would lead to some promotions across �rms for

workers favored by the policy and demotions across �rms for the workers disadvantaged by

the policy. Again, to the best of our knowledge, there exists no study investigating this

prediction.

6 Conclusion

In this paper, we consider a model in which promotions are used as signals of worker abil-

ity, and we examine the impact of a positive discrimination policy. The policy lowers the
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promotion standard for the workers who are discriminated against. In the short run, this is

bene�cial for the workers in the middle of the ability distribution, because these workers are

promoted if and only if the policy is in place. In contrast, workers of either high or low ability

generally su¤er from the policy. This is because the policy does not change the promotion

decision for these workers, but rather weakens the positive signal of being promoted and

strengthens the negative signal of not being promoted. These �ndings imply that policies

aimed at "leveling the playing �eld" are not always as bene�cial as they may appear. If

workers succeed in spite of many obstacles, the labor market learns a great deal about their

characteristics, so it can reward the workers generously on this basis.29

In the long run, the policy bene�ts all targeted workers. The policy increases the wage

that these workers earn early in their career, and this wage increase more than outweighs the

possible future wage reduction. We derive several empirical implications from our model and

we discuss empirical studies that are supportive of some of our predictions. We also o¤er

new implications that researchers could take to the data.

29A related argument is advanced in Krishnamurthy and Edlin (2014). In a study of college admission rules,

they �nd that stereotypes against a disadvantaged group of students can only be eliminated if these students

face higher admission standards. Formally, they assume that the ability distributions of the disadvantaged

and the advantaged students satisfy the monotone likelihood ratio property. This assumption implies that

the expected ability of admitted students can only be equalized across groups when the students of the

disadvantaged groups have to meet a higher standard in order to be admitted to college.
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Appendix

Proofs:

Proof of Lemma 1. a) If the �rst-period employer managed to hire a worker again in the

second period, the worker�s second-period output would be at least

(1 + S) (c1 + d1al) :

In contrast, if one of the external �rms managed to hire a worker, the worker�s second-period

output would be at most

c2 + d2al (= max fc1 + d1al; c2 + d2alg) :

Suppose that

(1 + S) (c1 + d1al) > c2 + d2al

, S > (c2 + d2al)=(c1 + d1al)� 1:

It is then easy to understand that no equilibrium exists in which one of the external �rms

manages to hire a worker away from the �rst-period employer. To show this, denote the

highest o¤er that worker j receives from one of the external �rms by wj2. According to

Assumption 1b), the corresponding �rm makes the same wage o¤er to all other workers from

the same group and assigned to the same job. Notice that this set of workers has positive

measure. This follows directly from the assumptions that the incumbent �rm initially hired

a group of workers with positive measure and that al is so high that there is at least one

ability level such that the �rm wants to promote workers of that ability to the high-level job

at the end of the �rst period.

By Assumption 1c) we have wj2 < (1 + S) (c1 + d1al). Hence, the �rst-period employer

always reacts by matching wj2 and thus retain all the workers. This proves part a) of the

lemma with

S1 := (c2 + d2al)=(c1 + d1al)� 1 > 0:

b) Suppose that S > S1. Then the expected ability of workers that are actually switching

�rms is equal to the overall expected ability of workers (conditional on job assignment at the

end of period 1). This is because workers are never successfully hired away (as shown in part

a)), but a small fraction  of workers leaves the �rst-period employer for reasons that are

unrelated to ability and job assignment.
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Consider an arbitrary worker j of group l who is assigned to job k. According to part

b) of Assumption 1, the highest wage o¤er of an external �rm for this worker is also made

to all other workers of group l who are assigned to the same job. The workers��rst-period

employer therefore has an incentive to exactly match this highest wage o¤er from the external

�rms, meaning that it remains to determine this o¤er, which we denote by wl2. Suppose that

wl2 < max
n
c1 + d1E

h
ajl

���ajl 2 ~Akl

i
; c2 + d2E

h
ajl

���ajl 2 ~Akl

io
=: Z. In this case, there is at

least one external �rm that gains by deviating and o¤ering a wage from the interval (wl2; Z).

Thus, in equilibrium we never observe wl2 < Z. According to part c) of Assumption 1 none

of the external �rms o¤ers a wage above Z so that we never observe wl2 > Z. Consequently,

in equilibrium we have wl2 = Z.

Since the preceding arguments were made for an arbitrary worker from group l, the

corresponding wage formula is the same for all workers from this group.

Proof of Proposition 1. a) Recall that the promotion rule is the same for all workers

from group l. Consider arbitrary �a1 2 A1l and �a2 2 A2l, meaning that the �rm does not

want to promote a worker from group l when the worker has ability �a1, but that it wishes

to promote a worker with ability �a2. In particular, when all workers have the same ability,

all workers are promoted if the ability level is �a2, whereas none of the workers is promoted if

the ability level is �a1. This implies the following set of inequalities:

(1 + S) (c2 + d2�a2)� wl2 (2) � (1 + S) (c1 + d1�a2)� wl2 (1)

(1 + S) (c2 + d2�a1)� wl2 (2) < (1 + S) (c1 + d1�a1)� wl2 (1) :
(A1)

Rearranging the two conditions leads to

(1 + S) (c2 � c1 + (d2 � d1) �a2) � wl2 (2)� wl2 (1) (A2)

> (1 + S) (c2 � c1 + (d2 � d1) �a1) ;

which immediately implies �a2 > �a1. Hence, because we assumed that al is so high that there

is at least one ability level such that the �rm wants to promote workers of that ability, the

two sets A1l and A2l must be of the form A1l = [al; a
p
l ) and A2l = [a

p
l ; al], with a

p
l 2 (al; al).

b) In equilibrium the external �rms correctly anticipate the �rm�s promotion rule as

speci�ed in a), i.e., ~Akl = Akl for k = 1; 2. Thus, workers�second-period wages (conditional

on job assignment) can be stated as

wl2 (1) = max fc1 + d1E [ajljajl < apl ] ; c2 + d2E [ajljajl < a
p
l ]g
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and

wl2 (2) = max fc1 + d1E [ajljajl � apl ] ; c2 + d2E [ajljajl � a
p
l ]g > wl2 (1) :

Since E [ajljajl < apl ] � E [ajl] < ae, it follows that

c1 + d1E [ajljajl < apl ] > c2 + d2E [ajljajl < a
p
l ]

implying

wl2 (1) = c1 + d1E [ajljajl < apl ] :

Because apl 2 A2l and wl2 (2)� wl2 (1) > 0, inequality (A2) leads to

(1 + S) (c2 � c1 + (d2 � d1) apl ) > 0 ) c2 + d2ajl > c1 + d1ajl for all ajl � apl :

This immediately implies c2 + d2E [ajljajl � apl ] � c1 + d1E [ajljajl � a
p
l ] so that

wl2 (2) = c2 + d2E [ajljajl � apl ] .

c) Because ��pl (ajl; a
p
l ) corresponds to �ijl(2) � �ijl(1), this function obviously charac-

terizes the additional second-period pro�t from promotion. From (A1) it follows that the

promotion threshold ful�lls ��pl (a
p
l ; a

p
l ) = 0.

d) Because

��pl (a
e; apl ) = (1� )[(1 + S)(c2 � c1 + (d2 � d1) ae)� (wl2(2; apl )� wl2(1; a

p
l ))]

= (1� )[wl2(1; apl )� wl2(2; a
p
l )] < 0;

��pl (a
p
l ; a

p
l ) = 0, and ��

p
l (ajl; a

p
l ) is strictly increasing in ajl it follows that a

p
l > a

e.

Proof of Proposition 2. First, we note that, analogous to our argumentation in the basic

model, if S is su¢ ciently high, no equilibrium exists in which one of the external �rms ever

manages to hire a worker away from the �rst-period employer (unless the worker switches

�rms for exogenous reasons). We can always choose S2 such that this is ful�lled. We use

backward induction to determine optimal behavior. In the proofs of parts b) to d), we assume

that E [ajAjajA � aqA] � ae. In the proof of part a) we will show that, if � < �1, �rms always

choose the promotion standard for group A such that this condition is ful�lled.

Proof of d): We begin by showing that the �rms have no incentive to deviate from the

job assignment of newly-hired external workers in � = 2 as described in part d) if �rms

and workers follow the proposed behavior up to this decision. Each �rm originally hired a
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continuum of workers from group A or group B of measure nA=N or nB=N , respectively. The

individual abilities ajl of each worker j of group l 2 fA;Bg are assumed to be independently

and identically distributed over [al; al]. Let I denote the indicator function of set [0;1),

i.e., I(x) = 1 if x � 0 and I(x) = 0 otherwise. Against the background of the law of large

numbers in the case of a continuum of workers30

E[I(ajl � x)] = prob(ajl > x) = 1� Fl(x)

corresponds to the proportion of employees in some arbitrary �rm emanating from group l

with ability greater than x and
nl
N
� (1� Fl(x))

stands for the corresponding measure of employees.

It follows that each �rm loses a continuum of workers from group l that were assigned to

job 1 of measure Fl (a
q
l )

nl
N
and to job 2 of measure  (1� Fl (aql ))

nl
N
in period 2. Because

all �rms were initially of equal size, each �rm simultaneously manages to hire the very same

measures of workers from the same group and assigned to the same job. In equilibrium, all

�rms can correctly anticipate the chosen promotion standards aql . Because E [ajljajl � a
q
l ] �

ae for both l (for group A this was assumed before, for group B the condition holds since

aqB > a
e), each �rm would �nd it optimal to assign all newly-hired workers that were originally

assigned to job 2 to the high-level job as well. Since the quota constraint was originally met

and the newly-hired workers simply replace the leaving workers, such assignment is always

possible without violating the quota constraint. Similarly, because E [ajljajl < aql ] < E [ajl] <

ae for both l, each �rm always assigns all newly-hired workers that were originally assigned

to job 1 to the low-level job as well. To sum up, when �rms follow the equilibrium from

the proposition up to the point at which they decide about the assignment to jobs of the

newly-hired workers, none of the �rms wishes to deviate from the assignment described in

the proposition.

Proof of c): Obvious and therefore omitted.

Proof of b): The next decision relates to �rms�period-2 wage o¤ers. First, it is easy

to see that a �rm�s wage o¤ers to the own employees are always optimal since matching the

external �rms�o¤ers represents the cheapest way to retain the workers. Consider now the

wage o¤ers to the external �rms�workers. Again suppose that all �rms follow the behavior

30For the law of large numbers in the continuous case see Al-Najjar (2004).

40



described in the proposition up to this decision. If �rms continued to stick to the proposed

equilibrium behavior, each �rm would earn zero expected pro�t from the newly-hired workers.

The reason is that each worker that was originally assigned to job k will be assigned to the

very same job when switching �rms (as explained in the proof of d)), implying that the

period-2 wage o¤ers speci�ed in the proposition are equal to the workers�expected period-2

outputs. When lowering some or all of the wage o¤ers, a �rm would never have a chance at

hiring the workers whose o¤ers were lowered, meaning that the measure of the hired workers

would decline. In addition, the �rm might have to reassign some of the remaining workers to

the job at which they are least productive in case the quota constraint were violated (e.g., if

only the wage o¤ers to workers from group A were lowered). Hence, such deviation from the

equilibrium can never be pro�table. Increasing the wage o¤ers to some or all of the workers

would not be pro�table either since the �rm would then pay those workers a wage above their

expected output and, thus, su¤er a loss when they indeed choose to switch �rms. This could

only be pro�table when this would relax the quota constraint, making it easier to assign

other workers to the job at which they are most productive. As the newly-hired workers

are already assigned to the jobs at which they are most productive and the existing workers

cannot be reassigned, this is not the case. Summing up, none of the �rms has an incentive

to deviate from the period-2 wage o¤ers when all �rms stick to the behavior described in the

proposition until period-2 wage o¤ers are made.

Proof of a): Finally, we turn to �rms�promotion decisions at the end of � = 1. Let

i be an arbitrary �rm. If the �rm applies the optimal promotion standards apA and a
p
B,

respectively,

qpAi(a
p
A; a

p
B) :=

nAi � (1� FA(apA))
nAi � (1� FA(apA)) + nBi � (1� FB(a

p
B))

equals the promotion share of group-A-workers. As long as qpAi(a
p
A; a

p
B) � � the introduction

of quota � has no in�uence on the optimal promotion behavior of the �rm.

However, in the case qpAi(a
p
A; a

p
B) < � the proportion qpAi(a

p
A; a

p
B) needs to be increased.

Because @qpAi=@a
p
A < 0 and @qpAi=@a

p
B > 0, new promotion standards aqA � apA or a

q
B � apB

need to be chosen such that qpAi(a
q
A; a

q
B) � �. Furthermore, we assumed �al (l 2 fA;Bg) to be

so high that there is at least one ability level such that the �rm wants to promote workers of

that ability. This immediately leads to aql < �al , Fl(a
q
l ) < 1. In equilibrium, the standards

aqA and a
q
B always have to ful�ll the conditions ��pA(a

q
A; a

q
A) � 0 and ��pB(a

q
B; a

q
B) � 0
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because �rm i could always deviate from the proposed promotion standards by lowering the

standard for group A or increasing the standard for group B without violating the quota

constraint. Such deviations are not pro�table for the �rm if the two inequalities are met.

In addition, we have

��pl (a
e; ae) = (1� )[(1 + S)(c2 � c1 + (d2 � d1) ae)� (wl2(2; ae)� wl2(1; ae))]

= (1� )[wl2(1; ae)� wl2(2; ae)] < 0;

and

��pl (�al; �al) = (1� )[(1 + S)(c2 � c1 + (d2 � d1) �al)� (wl2(2; �al)� wl2(1; �al))]

= (1� )[(1 + S)(c2 � c1 + (d2 � d1) �al)� (c2 + d2�al � c1 � d1E [ajl])] > 0

if S2(< S) is su¢ ciently high. Because ae < a
p
l < �al, ��

p
l (a; a) is continuous in a, and we

assumed (throughout Section 4) the solution for apl to the condition ��
p
l (a

p
l ; a

p
l ) = 0 to be

unique, it immediately follows that ��pl (a; a) < 0 for all a < apl and ��
p
l (a; a) > 0 for all

a > apl . Under consideration of ��
p
A(a

q
A; a

q
A) � 0 and ��pB(a

q
B; a

q
B) � 0 it follows aqA � apA

and aqB � a
p
B.

As mentioned in the introduction of the proof, it remains to show E [ajAjajA � aqA] � ae.

This is immediately ful�lled if � is only slightly above qpAi(a
p
A; a

p
B) (i.e., below some threshold

�1) and consequently, the promotion standards a
q
A and a

q
B will not di¤er strongly from apA

and apB.

Finally, since all �rms hired a continuum of workers from groups A and B of measures nA
N

and nB
N
, there is always an equilibrium in which they all �nd it optimal change the promotion

standards in the same way.

Proof of Proposition 3. a) The statement immediately follows from the wage formula

in part b) of Proposition 2 because c1 + d1E [ajljajl < a] as well as c2 + d2E [ajljajl � a] are

increasing functions in a.

b) Case 1: ajA 2 [aA; a
q
A)

In this case the worker is neither promoted if the promotion standard is apA nor if the pro-

motion standard is aqA. Consequently, the period-2 wage di¤erence amounts to

wA2(1; a
q
A)� wA2(1; a

p
A) = d1 (E [ajA jajA < a

q
A ]� E [ajA jajA < a

p
A ]) < 0:
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The latter inequality again results from the fact that E [ajljajl < a] is increasing in a.

Case 2: ajA 2 [apA; aA]

In this case the worker is promoted for both promotion standards apA and a
q
A and it can be

analogously shown that wA2(2; a
q
A)� wA2(2; a

p
A) < 0.

Case 3: ajA 2 [aqA; a
p
A)

In this case the worker is not promoted if the promotion standard is apA but is promoted if

the promotion standard is aqA. The resulting wage di¤erence corresponds to

wA2(2; a
q
A)� wA2(1; a

p
A)

= c2 � c1 + d1 (E [ajA jajA � aqA ]� E [ajA jajA < a
p
A ])

+(d2 � d1)E [ajA jajA � aqA ]

> c2 � c1 + (d2 � d1)E [ajA jajA � aqA ] � 0:

The second-to-last inequality results because

E [ajA jajA � aqA ] > E (aj) > E [ajA jajA < a
p
A ]

and the last inequality because E [ajAjajA � aqA] � ae.

Proof of Proposition 4. a) WA2 corresponds to

WA2 (a) = FA (a) � (c1 + d1 � E [ajAjajA < a])

+ (1� FA (a)) � (c2 + d2 � E [ajAjajA � a]) (A3)

and can be restated as

WA2 (a) = c2 + (c1 � c2)FA (a) + d1E (ajA) + (d2 � d1) (1� FA (a)) � E [ajAjajA � a]

= c2 + (c1 � c2)FA (a) + d1E (ajA) + (d2 � d1)
Z aA

a

ajAfA(ajA)dajA:

The derivative

W 0
A2 (a) = (c1 � c2 � (d2 � d1) � a) � fA (a) (A4)

leads to the following necessary condition of an extremum:

W 0
A2 (a

�) = 0 , a� =
c1 � c2
d2 � d1

= ae:

Furthermore,

W 00
A2 (a) = �(d2 � d1)fA (a) + (c1 � c2 � (d2 � d1) � a) � f 0A (a) :
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Because (c1� c2)� (d2� d1)ae = 0, it immediately results W 00
A2(a

e) < 0 which implies a local

maximum of WA2 at ae. Because ae is the only zero of W 0
A2 in (â; aA) and WA2 is continuous

over [â; aA], ae is the global maximum of WA2.

b) Notice that

c2 + d2 � E [ajAjajA � â] = c2 + d2 � ae

= c1 + d1 � ae = c1 + d1 � E [ajAjajA � â] :

By the law of total expectation, it then follows that

WA2 (â) = FA (â) � (c1 + d1 � E [ajAjajA < â])

+ (1� FA (â)) � (c2 + d2 � E [ajAjajA � â])

= FA (â) � (c1 + d1 � E [ajAjajA < â])

+ (1� FA (â)) � (c1 + d1 � E [ajAjajA � â])

= c1 + d1 � E [ajA] :

Since W 0
A2(a) < 0 for all a 2 (ae; aA) � (a

p
A; aA), we have

WA2 (â) = c1 + d1 � E [ajA] =WA2(aA) < WA2(a
p
A):

Because, moreover, WA2 is continuous, part b) is proven.

Proof of Proposition 5. First, we note that there is the same threshold value S2 as in

Proposition 2 such that, if S > S2, no equilibrium exists in which one of the external �rms

ever manages to hire a worker away from the �rst-period employer (unless the worker switches

�rms for exogenous reasons). We use backward induction to determine optimal behavior.

Proof of f): The proof is completely analogous to the proof of part d) of Proposition 2.

Proof of e): Obvious and therefore omitted.

Proof of d): For N̂ � 3, the proof is analogous to the proof of part b) of Proposition

2 with the exception that we still have to show that the N � N̂ inactive �rms do not want

to deviate by o¤ering a wage equal to or higher than wl2 (k; a
p�
l ). This is straightforward. In

the proposed equilibrium, the N � N̂ inactive �rms do not manage to hire any workers and,

therefore, earn zero pro�t. By making a wage o¤er to a worker of at least wl2 (k; a
p�
l ), the

�rms would o¤er the worker a wage at least equal to the worker�s expected output when the
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worker is assigned e¢ ciently to a job given the inactive �rms�information about the worker�s

ability. Hence, such a deviation can never be pro�table.

Proof of c): Next, we turn to �rms�promotion decisions at the end of � = 1. Suppose

again that up to these decisions, all �rms behaved as described in the proposition, meaning

that each �rm hired a continuum of workers of measure n̂A from group A and of measure

n̂B from group B. When deciding about which workers to promote, we already explained

in the main model that each �rm �nds it optimal to follow a cuto¤-rule, promoting only

workers with su¢ ciently high ability. The only thing that we therefore have to check is

whether a �rm ever has an incentive to deviate from the cuto¤-values ap�A and ap�B de�ned

in the proposition. Notice �rst that by deviating from any of the standards, the �rm could

not a¤ect the external �rms�wage o¤ers for the workers the �rm currently employs. This

is because the external �rms cannot observe the actual choice of promotion standard, and

hence the deviation, implying that their wage o¤ers do not respond to a change in the

promotion standards. Furthermore, deviating from any of the standards does not improve

the assignment of newly-hired workers in � = 2 who are e¢ ciently assigned given the �rm�s

information about their abilities.

Start by assuming that qpAi(a
p�
A ; a

p�
B ) > �, i.e., that the quota constraint is slack when

�rm i chooses the proposed promotion standards. Then a �rm could (marginally) change the

promotion thresholds, thereby promoting relatively fewer or more workers, without violating

the quota constraint. The �rm does not want to change promotion standards because the

condition

��pA(a
p�
A ; a

p�
A ) = 0 = ��

p
B(a

p�
B ; a

p�
B )

is satis�ed.

Suppose now that the quota constraint is binding, i.e., qpA(a
p�
A ; a

p�
B ) = �. A �rm could

always deviate from the proposed promotion standards by lowering the standard for group

A or increasing the standard for group B without violating the quota constraint. It does not

want to do so because

��pA(a
p�
A ; a

p�
A ) � 0 and ��pB(a

p�
B ; a

p�
B ) � 0

hold. In contrast, if a �rm would deviate by increasing the standard for group A, the standard

for group B would have to be increased as well in order to ful�ll

qpAi(a
p
A; a

p
B) = � , apB(a

p
A) := F

�1
B

�
1� (1� �) � nAi

� � nBi
� (1� FA(apA))

�
:
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If we de�ne

�pl (a
p
l ; a

p�
l ) = (1� ) � nli � [(1 + S)Yl2(a

p
l )� (Fl(a

p
l )wl2(1; (a

p�
l )) + (1� Fl(a

p
l ))wl2(2; (a

p�
l )))]

as the expected second-period pro�t of group l, a �rm would only deviate by increasing the

standard apA for group A if

d

dapA
(�pA(a

p
A; a

p�
A ) + �

p
B(a

p
B(a

p
A); a

p�
B )) > 0;

i.e., if the total expected second-period pro�t would be increased. The latter inequality is

equivalent to31

����pA(a
p
A; a

p�
A )� (1� �)��

p
B(a

p
B(a

p
A); a

p�
B ) > 0:

Because in equilibrium we have apA = a
p�
A and apB(a

p
A) = a

p
B(a

p�
A ) = a

p�
B , the latter inequality

contradicts the condition ���pA(a
p�
A ; a

p�
A ) + (1� �)��

p
B(a

p�
B ; a

p�
B ) = 0 of the auxiliary prob-

lem (APi). Analogously, we can show that the �rm does not wish to deviate by lowering

the standard for group B and adjusting the standard for A such that the quota constraint

remains ful�lled. Such a deviation would require ���pA(a
p�
A ; a

p�
A )+(1� �)��

p
B(a

p�
B ; a

p�
B ) > 0,

again contradicting the condition ���pA(a
p�
A ; a

p�
A )+(1� �)��

p
B(a

p�
B ; a

p�
B ) = 0 of the auxiliary

problem (APi). Summing up, we have shown that �rms do not wish to deviate from the

proposed promotion standards as described by the constraints of auxiliary problem (APi).

Proof of b): Given that the N̂ �rms o¤er the same wages in each period and given that

they choose the same promotion rules (which the workers correctly anticipate), the workers

assess the N̂ �rms identically. Because only wages are the basis for workers�choice, they

accept each of the N̂ o¤ers with the same probability 1

N̂
at the beginning of � = 1.

Proof of a): It remains to be shown that none of the �rms wishes to deviate from the

period-1 wage o¤ers. We notice �rst that, in the proposed equilibrium, each �rm earns zero

expected pro�t (regardless of whether or not it belongs to the N̂ �rms that manage to hire

workers). To see this, we consider the expected wage costs of the initially hired workers which

31The proof of this equivalence is available from the authors upon request.
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in the proposed equilibrium correspond to

n̂A (w
�
A1 + (1� ) [FA (a

p�
A )wA2 (1; a

p�
A ) + (1� FA (a

p�
A ))wA2 (2; a

p�
A )])

+ n̂B (w
�
B1 + (1� ) [FB (a

p�
B )wB2 (1; a

p�
B ) + (1� FB (a

p�
B ))wB2 (2; a

p�
B )])

= n̂A (w
�
A1 + (1� )YA2 (a

p�
A )) + n̂B (w

�
B1 + (1� )YB2 (a

p�
B ))

=
a)

n̂An̂B
n̂A + n̂B

�
YB1 +

n̂A
n̂B
YA1 + (1 + (1� )S)YB2 (ap�B ) +

�
n̂A
n̂B
(1� )S � 1

�
YA2 (a

p�
A )

�
+ n̂A (1� )YA2 (ap�A )

+
n̂Bn̂A
n̂A + n̂B

�
YA1 +

n̂B
n̂A
YB1 + (1 + (1� )S)YA2 (ap�A ) +

�
n̂B
n̂A
(1� )S � 1

�
YB2 (a

p�
B )

�
+ n̂B (1� )YB2 (ap�B )

= n̂AYA1 + n̂BYB1 + n̂A (1� ) (1 + S)YA2 (ap�A ) + n̂B (1� ) (1 + S)YB2 (a
p�
B ) :

We observe that the �rm�s expected wage cost equals the expected output and expected

pro�ts are zero.

We therefore have to show that it is not possible for a �rm to earn strictly positive pro�t

by choosing period-1 wage o¤ers di¤erent from those speci�ed in the proposition.

Suppose that some �rm i deviates from the period-1 wages stated in the proposition and

that it attracts a continuum of workers from group A of measure nAi and from group B of

measure nBi. The �rm then chooses promotion standards apAi and a
p
Bi that the other �rms

and all workers correctly anticipate (since �rms and workers are able to observe nAi and nBi).

In the equilibrium considered in the proposition, a worker from group l receives expected

total payo¤ equal to

w�l1 + Fl (a
p�
l )wl2 (1; a

p�
l ) + (1� Fl (a

p�
l ))wl2 (2; a

p�
l ) :

To hire a worker from group l, �rm i at least would have to match this payo¤, meaning

that the condition

wl1i + Fl (a
p
li)wl2 (1; a

p
li) + (1� Fl (a

p
li))wl2 (2; a

p
li)

� w�l1 + Fl (a
p�
l )wl2 (1; a

p�
l ) + (1� Fl (a

p�
l ))wl2 (2; a

p�
l )

would have to be met, which de�nes a lower bound for �rm i�s period-1 wage o¤er wl1i.

This lower bound immediately leads to an upper bound for �rm i�s pro�t �devli from hiring a

47



continuum of workers from group l of measure nli which is given by

�devli � nliYl1 + nli (1� ) (1 + S)Yl2 (apli)

�nli (1� ) (Fl (apli)wl2 (1; a
p
li) + (1� Fl (a

p
li))wl2 (2; a

p
li))

�nli (w�l1 + Fl (a
p�
l )wl2 (1; a

p�
l ) + (1� Fl (a

p�
l ))wl2 (2; a

p�
l ))

+nli (Fl (a
p
li)wl2 (1; a

p
li) + (1� Fl (a

p
li))wl2 (2; a

p
li))

= nliYl1 + nli (1� ) (1 + S)Yl2 (apli)

+nli (Fl (a
p
li)wl2 (1; a

p
li) + (1� Fl (a

p
li))wl2 (2; a

p
li))

�nli (w�l1 + Fl (a
p�
l )wl2 (1; a

p�
l ) + (1� Fl (a

p�
l ))wl2 (2; a

p�
l ))

� nliYl1 + nli (1� ) (1 + S)Yl2 (apli) + nliYl2 (a
p
li)� nli (w�l1 + Yl2 (a

p�
l )) :

The latter inequality results from the fact that the expected wage o¤er of �rm i in � = 2

does not exceed the period-2 output that the �rm expects a worker to produce, i.e.,

Fl (a
p
li)wl2 (1; a

p
li) + (1� Fl (a

p
li))wl2 (2; a

p
li)

� Fl (a
p
li) (c1 + d1E [ajljajl < a

p
li]) + (1� Fl (a

p
li)) (c2 + d2E [ajljajl � a

p
li]) = Yl2 (a

p
li) :

Under consideration of the �rst-period wage o¤ers

w�A1 =
1

1 + q�A
(YB1 + q

�
AYA1 + (1 + (1� )S)YB2 (a

p�
B ) + (q

�
A (1� )S � 1)YA2 (a

p�
A )) ;

w�B1 =
1

1 + q�B
(YA1 + q

�
BYB1 + (1 + (1� )S)YA2 (a

p�
A ) + (q

�
B (1� )S � 1)YB2 (a

p�
B ))

=
1

1 + q�A
(q�AYA1 + YB1 + q

�
A (1 + (1� )S)YA2 (a

p�
A ) + ((1� )S � q�A)YB2 (a

p�
B ))

of the other �rms to workers of groups A and B, �rm i�s pro�t �devi = �devAi +�
dev
Bi from hiring

a continuum of workers from groups A and B of measure nAi and nBi can be bounded from
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above as follows:

�devi � nAiYA1 + nAi (1� ) (1 + S)YA2 (apAi) + nAiYA2 (a
p
Ai)� nAiYA2 (a

p�
A )

�nAi
1

1 + q�A
(YB1 + q

�
AYA1 + (1 + (1� )S)YB2 (a

p�
B ) + (q

�
A (1� )S � 1)YA2 (a

p�
A ))

+nBiYB1 + nBi (1� ) (1 + S)YB2 (apBi) + nBiYB2 (a
p
Bi)� nBiYB2 (a

p�
B )

�nBi
1

1 + q�A
(q�AYA1 + YB1 + q

�
A (1 + (1� )S)YA2 (a

p�
A ) + ((1� )S � q�A)YB2 (a

p�
B ))

= nAiYA1 + nAi (1 + (1� )S)YA2 (apAi)

�nAi
1

1 + q�A
(YB1 + q

�
AYA1 + (1 + (1� )S)YB2 (a

p�
B ) + q

�
A (1 + (1� )S)YA2 (a

p�
A ))

+nBiYB1 + nBi (1 + (1� )S)YB2 (apBi)

�nBi
1

1 + q�A
(q�AYA1 + YB1 + q

�
A (1 + (1� )S)YA2 (a

p�
A ) + (1 + (1� )S)YB2 (a

p�
B )) :

With q�A = n
�
A=n

�
B the latter term is non-positive if and only if

nAi
nAi + nBi

(YA1 + (1 + (1� )S)YA2 (apAi)) +
nBi

nAi + nBi
(YB1 + (1 + (1� )S)YB2 (apBi))

� n�A
n�A + n

�
B

(YA1 + (1 + (1� )S)YA2 (ap�A )) +
n�B

n�A + n
�
B

(YB1 + (1 + (1� )S)YB2 (ap�B )) :

Since q�B, a
p�
A and ap�B is the solution to problem (APi), this condition is always ful�lled

and consequently, there is no incentive for �rm i to deviate from the �rst-period wage o¤ered

in the proposed equilibrium.

Proof of Proposition 6. Recall that period-2 wages are independent of S regardless of

whether or not the positive discrimination policy is in place. We will prove the proposition

by showing that, under the imposed assumptions, the di¤erence in period-1 wages for workers

from groupA when comparing the situations with and without the policy is increasing without

bound in S.

Using Proposition 5 and formula (2), the corresponding di¤erence in period-1 wages can

be stated as

w�A1 � wA1 =
1

1 + q�A
(YB1 + q

�
AYA1 + (1 + (1� )S)YB2 (a

p�
B ) + (q

�
A (1� )S � 1)YA2 (a

p�
A ))

�YA1 � (1� )SYA2 (apA) :

We obtain

@ (w�A1 � wA1)
@S

= (1� )
�

q�A
1 + q�A

YA2 (a
p�
A ) +

1

1 + q�A
YB2 (a

p�
B )� YA2 (a

p
A)

�
:
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Notice that nAi > 0 and nBi = 0 (i.e. qAi = 1 and qBi = 0) would satisfy all the constraints

from (APi); when �rm i employs only workers from group A, the quota constraint is always

ful�lled. Since the quota constraint does not restrict the �rm�s decisions, we have the same

solution as in the basic model, i.e., the �rm chooses promotion standard apA, and the value

of the objective function in (APi) is YA1 + (1 + (1� )S)YA2 (apA).

However, according to the proposition�s conditions, any solution to (APi) has q�A > 0 and

q�B > 0. This means that the corresponding value of the objective function must be higher

than when choosing nBi = 0. Consequently, we must have

q�A
1 + q�A

[YA1 + (1 + (1� )S)YA2 (ap�A )] +
1

1 + q�A
[YB1 + (1 + (1� )S)YB2 (ap�B )]

> YA1 + (1 + (1� )S)YA2 (apA)

, (1 + (1� )S)
�

q�A
1 + q�A

YA2 (a
p�
A ) +

1

1 + q�A
YB2 (a

p�
B )� YA2 (a

p
A)

�
>

1

1 + q�A
(YA1 � YB1) :

Hence, whenever YA1 � YB1, we observe q�A
1+q�A

YA2 (a
p�
A )+

1
1+q�A

YB2 (a
p�
B )�YA2 (a

p
A) > 0, implying

@(w�A1 � wA1)=@S to be positive and w�A1 � wA1 to be increasing without bound in S.

Proof of Proposition 7. Taking the results from Proposition 5 into account, a worker�s

expected total wage can be stated as

w�A1 + FA (a
p�
A )wA2 (1; a

p�
A ) + (1� FA (a

p�
A ))wA2 (2; a

p�
A )

=
1

1 + q�A
(YB1 + q

�
AYA1 + (1 + (1� )S)YB2 (a

p�
B ) + (q

�
A (1� )S � 1)YA2 (a

p�
A )) + YA2 (a

p�
A )

=
1

1 + q�A
(YB1 + q

�
AYA1 + (1 + (1� )S)YB2 (a

p�
B ) + q

�
A (1 + (1� )S)YA2 (a

p�
A ))

=
q�A

1 + q�A
[YA1 + (1 + (1� )S)YA2 (ap�A )] +

1

1 + q�A
[YB1 + (1 + (1� )S)YB2 (ap�B )] :

In the basic model from Section 3 the corresponding wage is given by

YA1 + (1 + (1� )S)YA2 (apA) :

As shown in the proof of Proposition 6, when any solution to (APi) has q�A > 0 and q
�
B > 0,

it follows that

q�A
1 + q�A

[YA1 + (1 + (1� )S)YA2 (ap�A )] +
1

1 + q�A
[YB1 + (1 + (1� )S)YB2 (ap�B )]

> YA1 + (1 + (1� )S)YA2 (apA) :
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Example to illustrate potential multiplicity of optimal promotion standard:

We provide an example to illustrate that there may be multiple solutions to the condition

(1 + S) (c2 � c1 + (d2 � d1) apl ) = wl2 (2)� wl2 (1) ;

which can be restated as

(1 + S) (d2 � d1) apl + S (c2 � c1)

=
d2

1� Fl (apl )

Z �al

apl

ajlfl (ajl) dajl �
d1

Fl (a
p
l )

Z apl

al

ajlfl (ajl) dajl:

In the example, we make the following assumptions regarding the parameters:

al = c2 = 0; d1 = 0:00001; �al = c1 = 1; d2 = 1:57; S = S1 = 0:57:

We assume a piecewise uniform distribution for ajl, given by

fl (ajl) =

8>>><>>>:
4:99993 if ajl 2 [0; 0:1] ;

2:5 if ajl 2 [0:7; 0:85] [ [0:95; 1] ;

0:00001; otherwise;

implying

Fl (ajl) =

8>>>>>>>>><>>>>>>>>>:

4:99993ajl if ajl 2 [0; 0:1] ;

0:00001ajl + 0:499992 if ajl 2 [0:1; 0:7] ;

2:5ajl � 1:250001 if ajl 2 [0:7; 0:85] ;

0:00001ajl + 0:8749905 if ajl 2 [0:85; 0:95] ;

2:5ajl � 1:5 if ajl 2 [0:95; 1] :

The above condition then simpli�es to

1:57 � 1:56999apl � 0:57�
1:57

1� Fl (apl )

Z 1

apl

ajlfl (ajl) dajl +
0:00001

Fl (a
p
l )

Z apl

0

ajlfl (ajl) dajl = 0:

If we assume apl 2 [0:7; 0:85], the condition becomes

1:57 � 1:56999 � apl � 0:57

� 1:57

2:250001� 2:5apl

 Z 0:85

apl

2:5ajldajl +

Z 0:95

0:85

0:00001ajldajl +

Z 1

0:95

2:5ajldajl

!

+
0:00001

2:5apl � 1:250001

 Z 0:1

0

4:99993ajldajl +

Z 0:7

0:1

0:00001ajldajl +

Z apl

0:7

2:5ajldajl

!
= 0;

which has the two solutions apl;1 = 0:84531 and a
p
l;2 = 0:81456.
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