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Abstract
In a signaling game between an employer and applicants, there is prejudice
if applicants are pre-judged based on an index, such as race, without reference to their qualifying signals. We investigate what causes the employer to
ignore the applicants’ informative signals in favor of the uninformative index.
Prejudice arises when competition between the applicants erodes their signaling incentive and reduces the quality of signals significantly. To minimize the
decrease in quality, the employer may pre-screen the applicants based on the
index, removing the impact of competition. In order to reduce prejudice, we
advocate policies that enhance the quality of signals.
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1

Introduction

Prejudice is "a preconceived judgment or opinion, an adverse opinion or learning
formed without just grounds or before suﬃcient knowledge" (Merriam Webster dictionary). Hence, prejudice implies decision-making without having all relevant information. Typically, this requires a situation in which the relevant information is
private and not readily available. Signaling theory predicts that, in such a situation, a
person (an applicant) who has valuable, private information would have an incentive
to reveal the hidden information by an investment in signaling methods. What has
not received much attention, however, is that successful signaling also requires the
receiver of the information (an employer) to have an incentive to utilize the signaled
information. Although signaling models assume that the employer always fully utilizes the signaled information, the existence of prejudice implies that this may not be
the case in reality.
In this context, this paper develops a model of prejudice as an outcome of unsuccessful signaling, not because of a lack of signaling incentives by the applicant, but
because of a lack of interest by the employer in utilizing the signals. This paper investigates when the employer becomes less interested in fully utilizing the information
(henceforth, full information) and discusses the eﬀectiveness of related policies.
The model considers a signaling game between an employer and  applicants. The
applicants are easily distinguishable by an irrelevant but observable characteristic,
such as race, gender, or physical beauty, which is termed an index, following Spence
(1973). On the other hand, the applicants’ quality is private information. They can
signal their hidden quality to the employer by investing in an eﬀort.
Consider an example in which two applicants, a male and a female, are considered
for a job. In order to determine if they are qualified, the employer must review their
application thoroughly and process their signals. However, instead of acquiring all of
the information and signals that are available from each applicant, the employer may
decide to examine only the male candidate’s information and not the information of
the female candidate. In this case, there is prejudice, not because gender was a factor
in the decision, but because some useful information about the female candidate’s
qualification was ignored as a result of gender-based pre-screening. Whether the
female candidate was qualified, or even more qualified than the male candidate, would
never be known.
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Hence, prejudice diﬀers from discrimination in that prejudice refers to diﬀerentiating the two applicants by gender before the employer learns anything about them,
whereas discrimination refers to treating them diﬀerently on the basis of gender even
after the employer has investigated all of the available information and found that
both have the same qualifying signals.
Why would the employer prefer to forgo potentially useful information based on
uninformative gender (index) instead of acquiring full information? To the employer,
such a pre-screening based on an index is preferable only if more information does not
help in identifying high quality candidates. Then, when is full information ineﬃcient?
In our benchmark case, which considers a typical model of signaling in which each
type of applicant invests in signals independently, we find that the employer has
no reason to discard any valuable information from the applicants in favor of less
informative index. Hence, such a framework is inadequate to explain prejudice.
However, the game changes if there is a shortage of return from successful signaling, which we consider in Section 4. In the example of two applicants, the shortage
occurs if there is only one position available for the two. Then, there is a chance that
the applicants’ signaling eﬀorts will be wasted even without prejudice, because there
is insuﬃcient room for all of the qualified applicants. An applicant’s chance of being
chosen depends on whether the other applicant has a qualifying signal. This makes
the two applicants’ signaling decisions interdependent. Since receiving a return from
their signaling eﬀorts becomes uncertain, the applicants’ incentive to signal decreases.
Even fair competition under full information can be as discouraging as prejudice. The
only diﬀerence is that, under prejudice, the eﬀort is wasted if the applicant does not
possess the favorable characteristic, whereas under competition for limited positions,
the eﬀort is wasted if the applicant does not win the competition. As the applicants’
signaling eﬀorts decrease, the value of full information to the employer diminishes.
The value of information decreases further if the signals cannot diﬀerentiate the
applicants suﬃciently. For example, suppose that every applicant makes a signaling
eﬀort and all applicants obtain equally-qualifying signal. Then, even after reviewing
all information, the employer would have to rely on the index for a selection, because
there are not enough positions to hire all of them and the signals are useless in
diﬀerentiating the applicants. We call such an index-based decision comparative
discrimination to distinguish it from prejudice and statistical discrimination.1 The
1

The diﬀerences between comparative discrimination and statistical discrimination are explained
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possibility of comparative discrimination lowers applicants’ signaling incentives and
reduces the value of signals to the employer. The decrease in the value of information
can destroy the value of competitive signaling that runs on full information. As
the employer expects the quality of information under full information to deteriorate
substantially, he chooses prejudice.
The main role of prejudice is to pre-screen the applicants in order to reduce
the number of applicants to consider and to decrease the amount of information
to process. Since the selection is independent of the applicants’ eﬀort, it weakens
the value-destroying competition among the applicants. That is, when competition
reduces the applicants’ signaling incentives, prejudice becomes an alternative in order
to alleviate the negative impact of competition.
The benefits of competitive signaling are from allocating signaling incentives to
all applicants. In contrast, prejudice always results in the most biased allocation of
the incentives. In this paper, prejudice is ineﬃcient when an overall greater value of
signaling can be obtained by keeping opportunities open for every applicant. However, we find that competitive signaling can be more ineﬃcient than prejudice, if it
distributes incentives to all applicants only to ensure that no one receives suﬃcient
incentive to make a meaningful eﬀort. This may happen, for example, if signaling is
highly costly. Also, competitive signaling is ineﬃcient if the signals are more correlated with the index, such as race or gender, than with the applicants’ quality. For
example, suppose that it is prohibitively costly for minorities to signal, but not for
others. Then, minorities with high ability will never have a suﬃcient incentive to
signal due to economic hardship even if there is no prejudice. Thus, in this case,
there is no essential diﬀerence between competitive signaling and prejudice.
In order to maintain the eﬃciency of full information under competition, we emphasize the importance of policies that improve the quality of signals and make the
signals closely correlated with the hidden quality but not with the applicants’ current
economic status, race, or gender. For instance, the Head Start program or the No
Child Left Behind policy may help to reduce the racial gap due to an unfavorable
signaling environment for minorities. If these policies can make signaling equally accessible for both races, independently of their economic status, any diﬀerence in their
signaling outcomes would be attributed to a diﬀerence in the hidden quality. In that
case, a competition-oriented admission policy would work eﬃciently.
in Section 4.2.1.
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The remainder of this paper is organized as follows. Section 2 briefly summarizes
the contributions of this paper to the literature. Section 3 presents a benchmark
case in which there is no competition among applicants. In Section 4, we introduce a
strategic signaling model with a possible shortage of the return for signaling eﬀorts.
Section 5 derives equilibrium and provides comparative statics. In Section 6, we
discuss the policy implications of the results. Section 7 presents our conclusions.

2

Contributions to the Literature

This paper is the first to model prejudice, in distinction from discrimination, as a
purposeful act of ignoring potentially valuable information about applicants in favor
of a pre-judgment based on an uninformative index. This paper also analyzes how
the expectation of discrimination interacts with prejudice.
On discrimination, there is an abundance of theoretical literature. While some
theories, such as in Becker, (1957) describe discrimination as a matter of preference,
many others spurred by the seminal papers of Phelps (1972) and Arrow (1973) explains group inequality as a result of rational choice based on various reasons that
motivate the use of group index to infer some relevant quality of applicants in the
presence of incomplete information about the unobservable quality.
In models of statistical discrimination, group inequality can arise in equilibrium
even if there is no exogenous diﬀerence between groups. Coate and Loury (1993)
explains that the inequality is a result of group-wide coordination onto diﬀerent equilibria, i.e., coordination failure, whereas Moro and Norman (2004) explains that it is
a result of group-wide specialization over diﬀerent types of jobs. Moro and Norman
(2004) are the first to explicitly model discrimination as a "relative" advantage that
induces a greater payoﬀ for one group at the expense of another. In their general
equilibrium model, the production technology requires two complementary inputs.
If too many workers invest in the skills for one input, the marginal product of each
input adjusts accordingly. Discrimination is an outcome that two groups specialize
in diﬀerent tasks. Mialon and Yoo (2014) introduce interdependent signaling decisions of applicants to explain discrimination. They find that employers may prefer
discriminatory hiring, because it reduces the overall risks of hiring. Fang and Moro
(2011) provide an excellent survey of the literature on statistical discrimination.2
2

There are many other studies with interesting approaches to explain discrimination, although
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The framework of fixed wage in this paper plays a similar role of "posted wage" in
Lang et al.(2008). This commonly-observed labor market practice makes employers
unable to adjust their posted wage ex post upon observing many more candidates with
a qualifying signal than the available number of positions. Thus, under this framework
of posted wages, the competition among workers are expected to be persistent. Lang
et al.(2008) focuses on how posted wages amplies slight racial preferences to produce
significant racial discrimination and segregation in labor markets.
In order to explain prejudice, the present paper develops the concept of inter-group
interactions in Moro and Norman (2004) in the model of strategic and interdependent signaling decisions by the applicants. In this aspect, this paper is closely related
to Mialon and Yoo (2014) as they analyze discrimination in the framework of interdependent signaling as well. However, the present paper focuses on showing how
intense competition destroys applicants’ signaling incentives and leads to prejudice in
equilibrium by making the signals worthless, whereas Mialon and Yoo (2014) focuses
on the employers’ incentive to be engaged in a discriminatory hiring practice.

3

Model

Consider a signaling game between an employer  (the receiver of signals) and 
applicants (the senders of signals),  ≥ 2. An applicant earns   0 if hired,
and nothing, otherwise.3 Each applicant is characterized by an unobservable ability
 ∈ { } and an observable characteristic  ∈ Θ = {1 2 }. We assume that
there is one applicant for each .4 An applicant of type  has a high  ability with
they are not closely related to this paper. For example, Mailath et al (2000) model discrimination
as an outcome of search frictions. Chaudhuri and Sethi (2008) discuss the relationship between integration and discrimination. Blume (2005) considers a dynamic model of statistical discrimination to
explain how a discriminatory equilibrium is selected. He explains that a discriminatory equilibrium
may occur as a result of firms’ learning of worker investment decisions. Fryer (2007) also shows an
interesting dynamic eﬀect of statistical discrimination. He finds that a discriminated worker who
overcomes initial discrimination can actually benefit from the discrimination.
Another strand of literature on discrimination focuses on explaining what makes the group inequality persistent. See, for examples, Dulauf (1996), Benabou (1996), Mookerjee et al (2010), and
Bowles et al. (2014).
3
We take   0 as exogenously given because prejudice occurs in many non-market situations
as well as in markets. Hence, the payoﬀ  from being selected for a scarce position is often a
non-market outcome. For example, in the case of college admissions,  is not a market price.
4
While all of  applicants diﬀer intrinsically, in equilibrium, the number of characteristics  that
are actually used to diﬀerentiate the applicants can be much less than , as shown in Section 5.
The current setup allows the maximum number of diﬀerentiable characteristics. If necessary, the
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a probability of   0. Applicants can make an eﬀort () to signal their ability. The
eﬀort generates a signal of high ability   with a probability  ∈ [0 1] and a signal
of low ability   with a probability 1 − . Let  () ∈ [0 ∞) and  () be the
cost and the marginal cost, respectively, of investing in  for an applicant of type
.  (0) = 0 and for   0,  ()   ().  () is twice diﬀerentiable for
0
00
()  0, 0 () = 
()  0, and
 ∈ (0 1). We assume that  () = 
 ()   (). Without loss of generality, we also assume that  is ordered
by the level of  () (), i.e., 1 ()1 () ≥ 2 ()2 () ≥  ≥
 () () for   0.
The payoﬀ for the employer  depends only on the applicant’s ability . 
receives a payoﬀ of   0 for hiring an −type applicant, but receives 0 for selecting
a −type applicant. In order to use signals  or   ,  must review and extract
the information from the applications,5 whereas  is readily observable and available.
In some cases,  may want to pre-select only a subset Θ of applicants for a review
based on the observed  only, Θ ⊂ Θ Θ 6= Θ. In that case,  observes the signals
only from the pre-selected type  ∈ Θ . In the benchmark case below, we examine
whether  might be interested in pre-selecting applicants based on  in a model of
no competition among the  types of . Then, in Section 4, we introduce the case of
insuﬃcient positions that results in an interaction among the applicants.
Throughout the paper, regardless of whether or not there is an interaction among
the applicants, the timing of the game between the employer and the applicants is as
follows. At stage 0, nature chooses the type  and the ability  for each applicant and
determines  available positions for the employer. If  ≥ , there is no competition.
This case is considered in the benchmark model. Then, the main model considers the
case when   . This case    represents a situation in which applicants foresee
a non-negligible chance of failing to get a position even if they are qualified. At stage
1, the employer determines whether to consider the entire pool of applicants ( ) or
to review only a subset () based on the . Without knowing the employer’s decision
on  or ,6 applicants decide how much eﬀort  to make to signal their ability. At
employer  is able to find as many characteristics as he needs for discrimination.
5
This review process may involve a cost of . In the main analysis, we assume that  = 0 or
insignificant, for simplicity. We discuss the case when   0 in Section 6.2.
6
The choice between  and  in hiring is hidden from the public since employment discrimination
and prejudice based on indices such as race and gender is illegal. Even in the case of a non-hiring
decision, social norms against prejudice and discrimination often make the information about the
decision on  or  unavailable.
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stage 2, the signals are realized for a given eﬀort . If  had chosen  to pre-select a
subset Θ at stage 1, only the signals from the pre-selected applicants in Θ will be
observed. If  had chosen  , all applicants’ signals will be observed.  determines
whether to hire an applicant with a signal   , whereas we assume that  never hires
an applicant with the signal   .7

3.1

Benchmark

Suppose that there are an unlimited number of positions in the sense that  ≥ .
In this case,  is willing to select as many applicants as possible after observing the
qualifying signal   for any .8 Applicants need not be concerned about how many of
other applicants may have the same qualifying signal   , which makes their signaling
decisions independent. This case allows us to identify the eﬀect of competition when
we introduce the case of limited positions (  ) in the next section.
Let  = 1 denote the probability that the employer chooses to review the entire
applications ( ). If  is chosen instead ( = 0),  pre-selects ∗ applicants based
on , ∗  . Let  be the probability that type  is pre-selected as one of the ∗
applicants. Since ∗  , it has to be that   1 for some . For an applicant of type
, the expected payoﬀ from investing in  is (| ) = [ +(1− ) )] − ().
The optimal eﬀort level   0 for type  satisfies
 ≡ [ + (1 −  ) ] =  ( ).

(1)

 shows signaling incentives for . Since      ()   (), and
−1
0  0 for   0, we find that  = −1
 ( )   ( ) =  . That is,
−type applicants’s eﬀorts are higher for any   0. If  = 0,  =  = 0.
7

This is a behavioral assumption that we make in order to simplify the analysis. An applicant is
required to have  to be considered for hiring, although   does not guarantee hiring.
This assumption does not aﬀect the qualitative results of this paper. If any applicant with   can
be hired as well, it will overall reduce applicants’ incentive to signal given that signaling is costly.
In this paper, the main result of prejudice stems from insuﬃcient signaling eﬀorts by the applicants
and ineﬀective signaling. This implies that allowing the possibility of hiring for   makes signaling
less informative and less valuable to the employer. Thus, it will only strengthen the result of this
paper about equilibrium prejudice.
8
Note that, in this model, if the qualifying signal   of some  were not to be used for hiring,
 can choose not to acquire the signal in the first place by excluding those  in the review process
by choosing , rather than not using  after acquiring it. That is, in the present framework, 
prioritizes the decision between  or  in determining the value of the signal   .
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For given  and  , the employer ’s expected payoﬀ from using full information ( ) is
X
 ( −  ) − (1 − ) 
(2)
( ) =
|
{z
}




P
and the expected payoﬀ from using only a subset  is () =    , respectively,
  1 for some .  represents the value of signals from type . (1) and (2) show
that in this benchmark case,  is independent of the eﬀorts chosen by other type 0 ,
 6= 0 . As long as   0 for ,  prefers to use the information from . Using (1),
−1
we can write that  ( ) = −1
 ( )( −  ) − (1 − ) ( ) .
Assumption 1

( − )
(1−)

Assumption 2

−10
 (1 )
−1
 (1 )



−10
 ( )
.
−1
 ( )



−10
 (2 )
−1
 (2 )

for 2  1 .

Assumption 1 ensures that at the maximum level of signaling incentive, i.e., at
 =  , the eﬀort level is suﬃciently high that  ( )  0 for all . Assumption
2 implies that it is more costly to make an eﬀort for −type than for −type and
thus an increase in  increases  more than it increases  . These assumptions
ensure that finding signaling eﬀorts from any type  is intrinsically valuable to the
employer. Then, not exploring all of the information, , means forgoing a chance to
discover valuable information. Thus, as long as the applicants make enough eﬀort, 
prefers to use all of the available signaling information from the applicants.
Lemma 1 Let 0 is the level of incentive that satisfies  (−1
 (0 )) = 0. For  ≥ ,
if the applicants’ belief of  is high enough that  ≥ 0  , in equilibrium, they make
a suﬃcient eﬀort and the employer acquires all of the signaled information.
Proof. Proofs are provided in the Appendix.
Lemma 1 states that, when there is no shortage of positions, if prejudice occurs, it
can only be due to self-fulfilling expectations of a low  , just as traditional statistical
discrimination models predict. Clearly, this case does not explain prejudice properly.
First of all, given that  ≥ , the positions are always available as long as the applicant
makes an eﬀort to obtain a qualifying signal. Thus, any equilibrium involving an
expectation of   0  is not stable. In addition, prejudice against a type 0
applicant particularly requires that type 0 expects 0   , whereas the other type 
9

expects a high enough  , 0 6= . However, there is no reason why type 0 applicant
should believe that only 0 is particularly low.
Prejudice (and discrimination) is always a relative concept. Oﬀering a type  applicant an opportunity to prove his qualification becomes prejudice, only if the same
opportunity is not available to a type 0 applicant for no proper reason. This implies
that prejudice is ’s decision to allocate the opportunities asymmetrically among the
 types of applicants, which requires comparison of the applicants. Then, the framework in this benchmark is inadequate to explain prejudice, because the employer’s
decision for each applicant is independent. Therefore, in the next section, we consider a new model in which the employer needs to consider all types simultaneously
in comparison.

4

Strategic Signaling

Suppose now that   . For the employer , in selecting the best  candidates, the
value of each applicant’s signal is now relatively determined in comparison with other
applicants’ signals. In order to be selected, an applicant not only need a qualifying
signal, but also her signal must be of higher quality than that of her competitors.
Thus, applicants’ signaling decisions become interdependent. As  declines, competition among the applicants intensifies.
In this set-up, we define that there is prejudice in equilibrium when  strategically
chooses  based on  to forgo reviewing the information of some applicants. When
 is chosen,  decides ∗ of applicants to be included in a subset Θ for a review,
∗  . If ∗ ≤ , the number of pre-selected  in the subset Θ is smaller than the
number of available positions, and thus, any pre-selected  applicant who has   will
be selected. Thus,  = 1 for all  ∈ Θ . On the other hand, if ∗  , then,   1
for some  ∈ Θ .9
9

This means that when  is chosen with ∗  ,  has a plan to choose each  with a predetermined probability   1 before he observes each of  applicant’s signal. This setup simplifies
our analysis. Alternatively, if we allow  to make a decision after observing the signals from ∗
applicants, given that ∗  , it engenders (limited) competition among the pre-selected applicants,
which is similar to the case of full information. That is, such a setup makes what follows from the
choice of  a lot similar to  . For the main analysis, we use the simpler framework in which 
involves no expectation of competition, so that we can easily identify the eﬀect of competition under
full information  . However, the main results from the simpler framework can be easily extended to
a more general case of pre-selection. We discuss this general framework of pre-selection in Section
6.1. We show that prejudice is expected to be more prevalent under the general type of pre-selection
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On the other hand, if  chooses  to review all, and if more than  applicants
turn out to have a qualifying signal   , there is competition among the qualified
applicants. Let  be the set of the  qualified applicants,  ≥   . Then, 
selects an applicant  ∈  with a probability   ∈ [0 1] based on . We define that
there is discrimination when   6=  0  , for any  0 ∈ . If    for some
 ∈ , there is discrimination in favor of type .
Therefore, prejudice diﬀers from discrimination in the level of information that 
has, although in both situations,  refers to the index  in selecting applicants. There
is prejudice when  does not wish to learn more about an applicant’s quality if the
type is 0 , and is only interested in the quality of the type  applicant, i.e.,  ∈ Θ ,
 Θ . Discrimination, on the other hand, occurs only after  acquires all of
and 0 ∈
the information from all applicants and when  treats two applicants who have the
same qualifying signals diﬀerently.
Example 1. Consider a case of  = 1 position and  = 3 ex ante identical
applicants,  ∈ {1 2 3}. Suppose that candidates of type 1 and 3 have a qualifying
signal   . If  acquires all of the signals from the three candidates,  will observe
that the two candidates ( = 2) have   . Without discrimination,  selects each of
the two with a probability of 12. Alternatively,  may select the type 1 applicant
with  1 = 1 and disregard type 3 (i.e.,  3 = 0). In the latter, although there is
no prejudice, there is discrimination against type 3. On the other hand, prejudice
occurs if  pre-selects only ∗ = 1 applicant, say type 1, to review with 1 = 1 and
2 = 3 = 0. Consequently,  will never be able to discover if type 3 also has   .

4.1

Applicants’ problem

For example, consider the problem of applicant of type 1 when  = 3 and  = 1. If
 chooses  to review all ( = 1), 1 with a qualifying signal faces competition when
   = 1 and expects to be selected with a  1 probability, whereas she expects
to be selected for sure if she is the only one with   . If  chooses  ( = 0), 1
expects to be selected with a 1 probability. Let Ψ2 and Ψ3 denote the probabilities
that the type 2 and 3 applicants have a qualifying signal  , respectively. Then,
Ψ =  + (1 − ) ,  = 2 3. For given  , 1 and 1 , the expected payoﬀ for a
that allows limited competition after .
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type 1 applicant is
(1 ) = 1 

"

 {Ψ2 Ψ3  13 + (Ψ2 (1 − Ψ3 ) + (1 − Ψ2 )Ψ3 ) 12
+ (1 − (Ψ2 + Ψ3 − Ψ2 Ψ3 ))} + (1 −  )1

#

− 1 (1 ) (3)

Generalizing this, we can see that for any given  applicants with a qualifying
signal   , it is either (i)   , or (ii)  ≤ . When   , an applicant remains
to face competition even after obtaining   . On the other hand, if  ≤ , there are
at most  − 1 other applicants with the qualifying signal   , and thus, the applicant
is guaranteed for selection as long as she has   .
When   , let Ψ− denote the probability that a type  applicant with
  faces competition with  − 1 other applicants. In the above example of  = 1,
the applicant 1 faces competition either if all 3 applicants have  ( = 3) or
two of them have   ( = 2). If  = 3, Ψ−1 = Ψ2 Ψ3 , and when  = 2,
Ψ−1 = Ψ2 + Ψ3 − 2Ψ2 Ψ3 . Then, the expected payoﬀ for a type  applicant is
"

( ) =   

(


X

(Ψ− ·   ) +

=+1

Ã

1−


X

=+1

Ψ−

!)

#

+ (1 −  ) − ( ).

(4)
Note that the probability of competition =+1 Ψ− increases as  decreases,
P
other things being equal. If  = 3, for example, =+1 Ψ− is a probability that
there are at least three other applicants with   . If  = 2, it is a probability that
there are at least two other applicants with   .
The optimal eﬀort level ∗  0 satisfies
P



⎡

⎤

!)
Ã
⎢ ( X
⎥


X
⎢
⎥
⎥  =  (∗ ),

≡⎢
(Ψ
·

)
+
1
−
Ψ
+
(1
−

)

−

−


⎢
⎥
⎣
⎦
=+1
=+1
|
{z
}


(5)
=
= 0. Since Ψ− depends on the signaling eﬀorts
for   0. If  = 0,
− by other competing applicants −, (5) can be rewritten as
∗

∗

 ≡ [  (− ) + (1 −  ) ]  and
∗ = −1
 ( (− )).
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(6)

Comparing (1) and (6), we can show the impact of expected competition on each
applicant’s signaling incentive  . From (1), when each applicant chose signaling
eﬀorts independently, the signaling incentive was  = [ + (1 −  ) ] . The
signaling incentive is now weighted by  ≤ 1 in the case of facing competition
( = 1), considering the fact that the selection is not guaranteed for applicant
 (  ≤ 1) even after obtaining the qualifying signal. To compare  and  ,
suppose that  is the same in both cases. Since   ≤ 1,  ≤ 1, we find that
 ≤  always, with a strict inequality for at least one  with   1. Therefore,
other things being equal, the applicants’ incentive to signal is lower in the case of
competitive signaling.
Proposition 1 Other things being equal, competition for signaling among the applicants reduces their incentive to signal.
When   , one applicant’s signaling eﬀort imposes a negative externality on
the other applicants. An applicant  with   is guaranteed for selection only if there
are at most  − 1 other applicants with   . However, if more than  − 1 applicants
have   , the applicant can receive the return from her signaling only with a  ≤ 1
probability. As a lower  increases the probability of competition and makes it more
diﬃcult to recoup the return from signaling, applicants’ incentive to signal decreases
(i.e., a lower  ).
On the other hand, (6) shows that such a competitive incentive disappears if
 does not use full information ( = 0). The selection is guaranteed as long as
an applicant is one of the pre-selected ∗ . Type  applicant expects  =  
with a  chance of pre-selection. As a result, an applicant’s best response becomes
independent of the eﬀorts of the other applicants, eliminating the eﬀect of strategic
signaling. This reveals that one of the most important functions of the pre-selection
 is to remove the impact of competition among the applicants. Thus, if competition
among the applicants destroys their incentive to signal and the value of signaling, 
has an incentive to choose  in order to eliminate the impact of competition. We
show this in Section 5.
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4.2
4.2.1

Employer’s problem
Comparative Discrimination

First, consider ’s decision concerning the optimal   after acquiring all applicants’
information, if more than  applicants turn out to have   . For example, suppose that
 = 3  = 2, and  observes that all three applicants  = 1 2 3 have   . ’s payoﬀ
from selecting type 1 is (1|  ,  ,  ) = [{3 1 2 3 + 2 (1 − )(1 2 3 +
1 2 3 ) +(1 − )2 (1 2 3 )}∆ ] −  , where ∆ = Ψ1 × Ψ2 × Ψ3 and
Ψ =  + (1 − ) . Then, (1|  ,  ,  )  (2|  ,  ,  ) if
(1 − )
[Ψ3 (1 2 − 2 1 )]  0
∆

(7)

That is, type 1 is preferable to type 2 if  believes that 1 1  2 2 .10 The
condition implies that type 1’s signal   is more likely from an −type than is
type 2’s signal   . Thus, when many applicants have equally qualifying signals, 
hires the applicants who have a lower probability of signaling errors. If  expects
1 1  2 2  3 3 , for example, type 1 and type 2 applicants will be
chosen for the  = 2 positions.
In general, when  applicants have  and   , a type  applicant is preferable
to type 0 if    0  0  , for  6= 0 . Since 1 1 ≥ 2 2 ≥  ≥
  , other things being equal, the employer’s rational belief about the level
of   is ordered as 1 1 ≤ 2 2 ≤  ≤   . Then, among the 
qualified applicants in the set , there exists a th applicant whose   is ranked
at . Let  be that applicant and (  ) be the level of expected eﬀort ratio
of the applicant. Then,   ≤ (  ) ≤   , for ,  ∈ . If there is no
tie with the  ,  selects all  ∈  and  with a probability of 1. If there is a tie
with the  ,  randomizes among the applicants that are tied.
Lemma 2 Suppose that    applicants have   . The employer’s optimal strategy
  is characterized as follows.

 (  )
if 
  = 1

= (  )
  ∈ [0 1] if 

  = 0
if 
 (  )

10

for  ∈ 

Here, 1  0, 2  0 since   is observed from both applicants.
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(8)

Example 2. Suppose  = 4  = 2, and  = 1 3 4 have   (i.e.,  = 3). Then,
(  )2 = 3 3 . If 1 1  3 3  4 4 , then the employer selects
1 and 3, i.e.,  13 =  33 = 1,  43 = 0. If 1 1  3 3 = 4 4 , then the
employer selects 1 and randomizes between 3 and 4, i.e.,  13 = 1,  33 +  43 = 1.

What determines ’s belief over 
is the innate diﬀerence in the cost of signaling
for each  applicant. A type  with a greater diﬀerence in signaling ability between
−type and −type is more likely to have a lower ratio. For instance, suppose
that −type females face much higher costs than do −type males in signaling
because of a social environment that encourages females’ gender role as a housewife
and discourages their labor market participation. Then, males’ signal   is likely to
be a better indication of the −type than females’ signal   . That is, the employer
should expect a lower  for males than females, other things being equal. Thus,
when both male and female applicants have equally qualifying signals, the employer
would favor males.


= 
for all . In this case,   ∈ [0 1]. There is
Instead, suppose that 
comparative discrimination if   6=  for some . Comparative discrimination
diﬀers from statistical discrimination in that it requires all of the competing applicants
to be compared in the relative strength of their signals and to have equally qualifying
signals, whereas in the case of statistical discrimination, applicants are not compared
and often do not have equally qualifying signals.
With this optimal strategy   , at stage 1, ’s expected payoﬀ from acquiring
the signaling information from all types is

( ) =

⎧
⎪
⎪
⎪ 
⎨ X
X⎪


⎫
⎪
⎪
⎪
⎪

⎬
X
X

Ψ−  + (1 −
Ψ− )  =
 
⎪
⎪
⎪
⎪
=+1
=+1

⎪
⎪
⎪
{z
}⎪
⎩|
⎭

(9)



where  =  ( −  ) − (1 − )  . (9) shows how competition aﬀects the
employer’s problem. Compared to (2) under no competition, the value of type 0 
signal  is now weighted by  . Since   , even if all signals are reviewed, some of
the qualified  cannot be hired (   1). Thus,   1 for some . As  decreases,
P
the weight  decreases, since the chance of competition =+1 Ψ− increases.
Thus, competition reduces the value of signals for the employer
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4.2.2

Prejudice

Now consider the case that  only selects a subset Θ to review at Stage 1. For given
choices of ∗ and  to select Θ , the employer’s payoﬀ for acquiring the information
only from Θ is
X
  ,
(10)
() =


 Θ . Compared to (9), (10) shows that in the case of prejudice, 
where  = 0 for  ∈
replaces  for the weight of  . () increases as the ∗ of the selected applicants
in Θ have a higher  , whereas a higher ∗ lowers the weight  on  . Hence,
 will choose  to maximize the allocation of the weight on the highest  while
using ∗ to maximize the benefits of including as many of applicants with a high
 as possible. Given that 1 1 ≥ 2 2 ≥  ≥   , other
things being equal, ’s belief is 1 1 ≤ 2 2 ≤  ≤   . Since  =
 ( −  ) − (1 − )  is decreasing in   , the employer expects that
1 ≥ 2 ≥  ≥  . Hence,  chooses  = 1 2 ∗ with   0 and eliminates the
rest of type 0 applicants by allocating 0 = 0, for 0 = ∗ + 1 ∗ + 2 .
Now consider the choice of ∗ . If there is no tie for  , −1    +1 ,
and thus, it is always best to choose the first  applicants (i.e., ∗ = ) by allocating
 = 1 for  = 1 2   and 0 = 0 for 0  . If there is a tie with the th applicants,
 may randomize among the applicants who are tied.
Lemma 3 Suppose that a pre-screening based on  takes place. The employer selects
∗ ≥  applicants as follows.


 
if 
 = 1


= 
 ∈ [0 1] if 


 = 0
if 
 

(11)

Example 3. Suppose that  = 3,  = 1, 2, 3,  = 2, and 3 () = 2 () 
1 () while the cost for -type is the same across all types. Then, for any given
3 ()
2 ()
1 ()
−1
, 3 = 2 = −1
2 ()  1 () = 1 , and thus, 3 () = 2 ()  1 () . This
means that 1  2 = 3 for a given . Then,  pre-selects type 1 with 1 = 1, and
randomizes between types 2 and 3 with 2 + 3 = 1.
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5
5.1

Equilibrium
Ex Ante Identical Applicants

0 


When applicants are ex ante identical in the sense that 
() = 
() = 
()


0 
0
for all  6=  , other things being equal, it is expected that   = 0  0  . In
this case, based on Lemma 2, the equilibrium depends on the applicants’ expectations
over   . We first consider the case that the applicants expect no discrimination.

5.1.1

When a non-discriminatory   is expected

Suppose that applicants expect equal treatment after  reviews all of the applications
( ). Under the expectation of   =  0  = , all applicants have an equal
incentive to signal and expect the same probability of encountering competition with
other applicants, Ψ− = Ψ−0  = Ψ− . Let ∗ be the level of the incentive
under  for all . Then, from (5), for all ,
∗ =   and
µ
¶

X

 1.
 = 1 −
Ψ− 1 −

=+1

(12)
(13)

Let ∗ = ( (∗ ),  (∗ )) denote the vector of eﬀort levels by the applicants at ∗ .
Then, at ∗ , ’s expected payoﬀ from full information  is
(   = , ∗ ) =   ,

(14)

where  =  (∗ )( −  ) − (1 − ) (∗ ) .

(15)

On the other hand, 0  payoﬀ of using partial information from the pre-selected, ,
and randomizing among the first ∗ applicants with  ,  ≤ ∗  , and 0 = 0 for
other 0 is
(16)
(   ∗ ) =  .
Suppose now that applicants expect . For a pre-selected type  ∈ Θ , the
probability of being selected is  and the incentive to signal is  =   . All
 Θ do not make an eﬀort since 0  = 0 for 0 . Let
other types of applicants 0 ∈
 = ( ( )  ( ) 0  (0) = 0  (0) = 0) be the vector of applicants’ eﬀort
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levels. At  , ’s expected payoﬀ from hiring type  only is,
(  ,  ) =  ,

(17)

where  =  ( )( −  ) − (1 − ) ( ) .

(18)

If  chooses  , given that only type  ∈ Θ makes eﬀorts, competition occurs only
if ∗   and only within the ∗ of  applicants. Then, for ∗ ≥ ,
(  = ) = ∗  ( ) ,

(19)

P ∗
where  ( ) = 1− =+1 Ψ− (1−)  1 for ∗   and  ( ) = 1 if ∗ = .
Proposition 2 summarizes the equilibrium prejudice in this case.
Proposition 2 Suppose all applicants are ex ante identical and they expect equal
treatment under full information.
 Θ .
1. ∗ = ,  = 1, 0 = 0, and  =   ∗  0  = 0, for  ∈ Θ , 0 ∈
2. If   0, the unique equilibrium involves prejudice and only the application
from type  ∈ Θ is considered for a review. The equilibrium value of signals
−1
under prejudice is ∗ , where ∗ = −1
 ( )( −  ) − (1 − ) ( ) .
3. If   0, multiple equilibria exist. In the equilibrium of full information, all
applicants are reviewed and the applicants with   are hired with a probability
of  if   , or a probability of 1, otherwise. Prejudice may occur in
equilibrium as a result of self-fulfilling expectation of prejudice.

Example 4. Consider  = 3 applicants,  = 1 2 3, when  = 2. Expecting
that 1 =  2 =  3 = 23 if  = 3, each applicant makes the same level of
eﬀort. Each has the same probability Ψ of generating a signal  , and expects
∗ = (1 − 13Ψ2 )   . Then, ( ) = 3(1 − 13Ψ2 ) (∗ ), whereas with ∗ = 2,
() = 2 (∗ ). Since 3(1 − 13Ψ2 )  2 for Ψ2  1, as long as  (∗ )  0,  can
be chosen in equilibrium. However, if  (∗ )  0,  is never chosen in equilibrium,
and prejudice occurs. Under , 1 = 2 = 1, 3 = 0, and 1 = 2 =  while
3 = 0, which results in ( 1 = 2 =  ) = 1 ( ) + 2 ( )  0.
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For the type  who expects to be favored under prejudice, the incentive for signaling is higher under prejudice, i.e.  =   ∗ . Prejudiced reviews optimize
the signaling outcomes from the pre-selected applicants. However, since only few
applicants are pre-selected based on  (which is unrelated to the ability), ex ante, the
employer has to bear the risk of selecting unqualified applicants among  and missing
the chance of finding the −types among the unselected. The risk can be avoided
by delaying the selection after observing more informative signal   under full information  . However, the information is obtained at the expense of its quality because
open competition for everyone increases the uncertainty in getting the position for
everyone and lowers their signaling incentives. Hence, the employer benefits from 
only if the expected quality of the information is high enough (  0).
Proposition 2 shows that prejudice is an outcome of low expected quality of signals
under  . What reduces  facilitates prejudice. For example, intense competition
or ineﬃcient signaling technology facilitate prejudice by lowering  . When only few
positions are available, an equal opportunity for everyone means a very slim chance
of getting the position for every applicant. This may result in an insuﬃcient eﬀort
from any applicant, and make the signal not so informative to the employer. This is
likely to occur if signaling is very costly.
Proposition 3 Suppose that applicants are ex ante identical and they expect equal
treatment under full information. Other things being equal, prejudice is more likely
to occur as ,  or  decreases and as the cost of signaling increases.
A decrease in  increases competition and lowers the chance of being selected
upon facing competition. Thus, it lowers signaling incentives ∗ (or  ). Since 
is an increasing function of the incentive ∗ ( ), a decrease in  lowers the value
of signals  and thus more likely to induce prejudice. Similarly, a low  promotes
prejudice. A low  implies that the value of skills that −type oﬀers is not much
greater than the value of skills that −type oﬀers. Hence, prejudice is more likely to
be prevalent in an occupation that does not require specific skills.
On the other hand, even if full information occurs in equilibrium, it is not clear
whether the expected value of signals under  in equilibrium would be higher than
that of . It could be that (   = , ∗ ) =   (∗ )  (  = 1,
 ) =  ( ), if  (∗ ) is not high enough since  (∗ )   ( ).
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The results in Propositions 2 and 3 imply that equal opportunity policies need to
be implemented with a caution. A policy that promotes equal opportunities basically
enforces full information  in this framework by setting the expectation of unprejudiced review of applications. Such a policy will be eﬃcient only if spreading out the
signaling incentives to everyone does not destroy the value of signaling, i.e.   0.
If   0, in order to make the policy eﬃcient, there have to be other policies that
enhance the value of  as well, such as policies that lower the cost of signaling.
5.1.2

When discrimination is expected

Because there are only  positions available, applicants may expect that, even if they
have the same qualifying signals, they may not be treated equally. Suppose that after
observing equal signals,  makes selections according to his preferences based on the
order of . Let  and  be the favored and the discriminated applicants, respectively,
 ≤   . The  types expect that     under  , for   ∈ . This implies


 
. Then, all  types reduce
that other things being equal,    and thus, 
P
their eﬀorts. This reduces type ’s probability of facing competition, =+1 Ψ− ,
and thus increases their signaling eﬀorts further. Thus,   = 1 ≥   . All  types
expect to be selected for sure if they obtain  , despite competition.
In contrast,  types with   will be selected in competition against other types
only if not many applicants have the qualifying signal ( ≤ ) or not enough of the
qualifying signals are from more preferred types  ≤  − 1 when   . Let  = 1
be an index for the cases in which  has a qualifying signal and no more than  − 1
of the  signals are from the types who are more preferred than , when   . In
those cases,  ≤  and, thus, the applicant  is selected for sure. Otherwise,  is
never chosen when  = 0. Since  has a greater chance to be selected than  + 1
upon facing competition, the weight  depends on the preference order . Therefore,
for all  ≤   ,
 =    =  
!
Ã


X
X
Ψ−  + 1 −
Ψ−  1.
where  =
=+1

(20)

=+1

Let  and  be the levels of eﬀort by  and ∗  = ( ,  ,  ,  ) be
the vector of the eﬀort levels by  and  applicants when the applicants expect full
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information  . Then,   0 and   0 since   0 due to the chance of no
P
competition (1 − =+1 Ψ−  0).
(  

=

1  

=

≷

∗

( 

=

 , ∗  )
=

=

1 

∗
=

+


X

  (   )

(21)

=+1
∗
0   ).

Note that the value of signal from the favored type  is the same as ∗ in Proposition 2.
This is because type 0  signaling incentive  is the same as the incentive of the preselected  under , i.e.,  =  =  . Type ’s incentive  =  is independent
of others’ eﬀorts and free from competition. Thus, discrimination makes the favored
type  applicants immune to competition by treating them like the pre-selected under
prejudice. Yet, by keeping the opportunies open to type , full information with
P
discrimination generates extra values of signals =+1   (   ). The question
P
is whether this value is high enough, i.e., =+1   (   )  0. (21) shows that
the full information  cannot occur in equilibrium if the value of signals from the
discriminated type  applicants is not high enough.
On the other hand, when the applicants expect prejudiced pre-selection ,  types
do not expect to be reviewed at all since  = 0, implying that  = 0. Thus, they
make no eﬀort. Type  applicants’ incentives for signaling will be the same  = 
as under  . The employer expects  = ( ( ),  ( ),  =  = 0), and
(   = 1  =  ,  ) = ∗
= (  = 1  = 0  ).

(22)

Proposition 4 Suppose that all applicants are ex ante identical while they expect
discriminatory  under full information.
P
1. If =+1   (   )  0, the unique equilibrium results in prejudice against
type  and only type  applicants are considered.
P


2. If
=+1   (   )  0, multiple equilibria exist. The equilibrium value
of signals is higher under full information  than under prejudice.
If discrimination is expected under  , prejudice occurs in equilibrium when the
P
value of signals from the discriminated  is low, =+1   (   )  0. This
21

is when the signaling incentive for type ,  (or  ), is too low. From (20), if
 = 1,  =  ,  (   )  0, and the signal from the discriminated  is of
value. However, type  can be selected out of  qualifiers ( = 1) only if fewer
than  are from the favored  ≤  −1. This means that as  gets close to , ’s chance
becomes quite slim. This is particularly true if  is small, in which case most of the
applicants belong to the unfavored  and they expect no selection in most cases. Such
an expectation lowers  0  signaling incentive, making full information  worthless.
Prejudice in this case means excluding the applicants to be discriminated from
the outset. The employer excludes  because they do not make suﬃcient eﬀorts due
to the expectation of discrimination. However, from (21) and (22), it is clear that if
 is achievable in equilibrium, the equilibrium payoﬀ of  is higher than that of .
This is because  permits more use of informative signals from applicants than  and
there is always a chance that some of the favored  type applicants do not produce a
qualifying signal. Thus, having type  applicants motivated to make suﬃcient level
of eﬀorts enhances eﬃciency. In order to eliminate prejudice, discriminated group  0 
signaling incentives need to increase suﬃciently.
An interesting question is whether promoting nondiscrimination (i.e., equal   )
reduces prejudice. The main diﬀerence between the cases of unequal  and equal
  is in how the risk of no-selection is distributed across applicants. Under discrimination, the favored group  receives a higher incentive  =  and the discriminated group  receives a lower incentive  =     . In contrast, under nondiscrimination, all applicants ( or ) have an equal incentive ∗ =     . Nondiscrimination makes all applicants equally share the risk of non-selection, whereas
unequal treatment imposes the risk only onto the discriminated group . Nondiscrimination makes every applicant’s signal equally weak, whereas discrimination
weakens the signals from  only. Since it is the discriminated group  0  eﬀort level that
P
P
determines prejudice, if ∗ is high enough that    (∗ )     (   ),
then the discriminated ’s signals have higher quality under nondiscrimination. In
this case, non-discriminatory policy eﬀectively reduces prejudice.
However, it is not clear whether ∗   on average. Other things being equal,
under discrimination, a  close to  has a greater chance of selection   ∗ 
whereas for a  close to , there is almost no chance of selection,   ∗ . Which
one dominates will depend on  and . Also, the eﬀect of spreading the incentives
on competition Ψ− depends on the signaling cost function and other parameters
22

such as  and . Hence, the eﬀect of promoting nondiscrimination (equal   ) on
prejudice is ambiguous. Nevertheless, we can conclude that nondiscriminatory policy
can have a meaningful eﬀect in reducing prejudice only if the equal distribution of
risks does not destroy the value of signals.
Corollary 1 Nondiscriminatory policy can reduce prejudice only if   0. If  
0, nondiscriminatory policy facilitates prejudice.

5.2

Heterogeneous Applicants




Suppose that 
()  
() for  = 1 2  and  =  + 1  + 2 , for any given

. The outcome in this case is similar to that in the case of discrimination in Section
5.1.2. The only diﬀerence in this case is that for the same level of signaling incentive,
 is diﬀerent for  =  and  = , since their signaling costs are diﬀerent. Under
full information  , when   was observed from more than  applicants, the employer
favors  group over  group, and thus,   = 1, and   =  . Let  = (   ,
 ,  ) be the vector of eﬀort levels by the applicants. Then,

(   = 1   =  ,  )
=


X

 (   )

=1

+


X

  (   ),

(23)

=+1

where  is  evaluated at  . This is lower than (  = 1  = 0,  ) =
P
P





=1  (   ) if
=+1   (   )  0. On the other hand,
( 

=

1 

=

0  )

=


X

 (   ) = (   = 1  = 0  ),

(24)

=1

where  = (     =  = 0) is the vector of eﬀort levels under the expecP
tation of . Prejudice occurs in equilibrium when =+1   (   )  0.
Compared to the case of identical costs, heterogenous costs amplify the eﬀect of
unequal treatment. Given the cost advantage, type  expects unequally favorable
treatment, and receives a greater incentive to signal than type . In addition, the
more eﬃcient signaling technology available to  makes it easier for type  to increase signaling eﬀorts. Combined with the higher incentive for signaling, this eﬀect
23

strengthens the quality of type 0  signal. Similarly, the cost disadvantage for type 
lowers the quality of their signal further.
Suppose that the heterogeneity in the costs of signaling takes the form of a meanpreserving spread of the cost for identical applicants. Then, on average, the signaling
technology of type  applicants is more eﬃcient and the technology of type  applicants is less eﬃcient than that of the applicants with identical costs. In particular,
this implies that in order to make the same level of signaling eﬀorts, the type  applicants with an ineﬃcient cost technology have to incur a higher cost than what
they would have had with identical costs. Thus, the type ’s eﬀort is lower when
the costs are diﬀerent. As a result, the value of signals from the discriminated type
 is lower in the case of heterogeneous costs than in the case of identical costs, i.e.,
P
P





=+1   (   ) 
=+1   (   ). Hence, prejudice is more likely to
occur when the costs of signaling diﬀer across the applicants.
Simply put, if signaling itself is not easy for some applicants, quality of their signals
is low and that makes prejudice more prevalent. In this case, prejudice may not easy
to reduce unless the level of support for the disadvantaged measures up proportionally
to the level of disadvantage they face. That is, eﬀective anti-discrimination policies
may need to be non-neutral in this case. We close this section with a brief discussion
on this policy implication using a simple example in the following.
Example 5. Suppose that there are  = 3 applicants,  = 1 2 3,  = 2, and
3 ()3 ()  2 ()2 ()  1 ()1 (). Consider a policy that generally
lowers the cost for all types by (1 − ). Although the ratio  () () remains
the same, as a result of a reduction in the cost, eﬀort levels increase. This increases
 uniformly. 0  optimal strategy is to hire types 1 and 2 whenever they have  
and 1 ( )  2 ( )  0 at 1 = 2 =  . Type 3 applicant with   is hired
under  only if at least one of the two does not have   . Thus, type 3 expects
that 3 = (1 − Ψ1 Ψ2 ) under  . If 3 (3 )  0, (,  ) = 1 ( ) + 2 ( ) 
( ,  ) = 1 ( ) + 2 ( ) + 3 (3 ). Thus, lowering the cost for all by (1 − ) will
not eliminate prejudice. Alternatively, consider a policy to reduce the cost of type 3
applicant disproportionately so that 3 ()3 () ≈ 2 ()2 ()  1 ()1 ().
Even if type 3 is discriminated in favor of type 2, it is likely that at 3 = (1−Ψ1 Ψ2 ) ,
3 (3 )  0 since the cost for 3 is lower and thus her eﬀort is greater than before. In
this case, it can be that ( ,  )  (,  ), and thus, prejudice can be avoided.
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This suggests that a race-conscious anti-discrimination policy can be more eﬀective
than a race-neutral anti-discrimination policy in fighting prejudice if minorities face
much more diﬃculty in signaling.11 As Aristotle argued, treating "like cases alike" is
required for equality and "identical treatment is not equal treatment,[..] if individuals
are not similarly situated."12

6
6.1

Discussion
Alternative Form of Prejudice

In the main analysis, we imposed a simple framework of selection under .  commits
to a selection of type  with a probability of  prior to observing the signal. As a
result, even if ∗  , the applicants do not expect competition if  is chosen.
However, a more elaborate scheme under  is possible. Consider choosing a subset
Θ with a plan to competitively select the finalists after observing the signals of the
preselected candidates in Θ , when ∗   . That is, after selecting ∗ applicants
first,  observes the signals of ∗ applicants. If more than  have   ,  selects
type  with a   probability. Therefore, the ∗ pre-selected applicants may still face
competition under  if many applicants have a qualifying signal   .
This set-up is similar to the case of  , except that any competition will be only
within a smaller set of ∗ pre-selected applicants. Such a scheme is more realistic. When we incorporate such a partial competition mechanism under , type 1
applicant’s eﬀort is now determined by
∗1 ≡ [ {Ψ−1 1 + (1 − Ψ−1 )} + (1 −  )1 {Ψ−1 1 + (1 − Ψ−1 )}]
= 1 (∗1 ),

(25)

where Ψ−1 is the probability that 1 faces competition under . This is smaller than
Ψ−1 if eﬀort levels are the same.
11

As a result of aﬃrmative action bans for higher education, in California, Michigan, and Texas,
any race-based decision is now prohibited in the college admission process. There have been doubts
whether color-blind aﬃrmative action promotes eﬃciency. Antonovics and Backes (2013) report
that, under a system that emphasized grades and test scores, the rate of under-representation would
have been twice as great, if the admission standard of the University of California system had not
been adjusted to incorporate race-relevant factors. This raises doubts as to whether competitive
signals, like test scores, are more correlated with the quality of the applicants than with their race.
12
"Minority Report," The Economist (Oct. 23, 2013)
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In general, reducing the chance of competition under  enhances the signaling
incentive of pre-selected applicants under , which increases the value of signals 
under . This increases ’s incentive to choose . That is, prejudiced reviews will
become more attractive with this more sophisticated scheme of . Hence, even if
competitive signaling is not very ineﬃcient, prejudice may be observed frequently. In
this sense, what we find in our main analysis is the lower bound for the parameter
ranges where prejudice arises.

6.2

Eﬀectiveness of Competitive Signaling

Our analysis of what facilitates prejudice shows that the gist of the problem lies
in whether competitive signaling system is eﬃcient. It may not always be eﬃcient.
Excessive competition among the applicants may destroy their signaling incentive.
In the analysis, we have assumed that there is no cost of processing information,
 = 0, for simplicity. In reality, there is a cost. When   0, reviewing only a subset
of the applicants generates extra cost savings. Thus, the set of parameters for which
prejudice is attractive to  will become larger. Then, in order to prevent prejudice,
competitive signaling system needs to be much more eﬃcient.
A competitive system is eﬀective if it can oﬀer suﬃcient opportunities to signal
their ability to the disadvantaged applicants who would not have the same opportunities otherwise. To get the most of the competitive system, it requires the signals to
be closely correlated with a hidden quality of the applicants, rather than irrelevant
factors like economic hardship. If economic hardship significantly limits the possibility to signal for high-quality underprivileged applicants ( types), they will not
be able to make suﬃcient signaling eﬀorts even under competitive signaling, resulting in   0 In this case, prejudice will occur simply because the underprivileged
applicants cannot aﬀord signaling, and not because they are unqualified.
Hence, to reduce prejudice, we advocate policies that enhance the quality of information under competitive signaling and ensure the signals to be free from the influence of other irrelevant factors. The Head Start program or the No-Child-Left-Behind
policy would be good examples. As these policies make the signaling environment
more homogenous for all applicants, more underprivileged applicants can participate
in signaling, and any observed signaling outcomes will correctly represent the hidden
quality for all.
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7

Conclusion

This paper models prejudice in a signaling game between an employer and  applicants who diﬀer in an irrelevant but observable characteristic. Prejudice occurs when
the employer chooses to ignore some of the informative signals of the applicants based
on their irrelevant characteristic. In equilibrium, prejudice arises when the value of
signals is not high enough since the applicants do not make enough signaling eﬀorts
as a result of insuﬃcient incentives to signal. Competition for limited positions often
becomes the reason to generate the insuﬃcient incentives. When all applicants are
identical and there is no discrimination, prejudice arises because an equal allocation of
signaling incentives across many applicants cannot make any applicant’s signal valuable. In this context, we find that equal opportunity policies to ensure competitive
signaling may not be always eﬃcient and can actually facilitate prejudice.
Limitied number of available positions may generate an expectation of discrimination even when there is no reason for discrimination. When discrimination of ex ante
identical applicants is expected, prejudice arises because the discriminated groups’
signals have no value as a result of their insuﬃcient eﬀorts. Similarly, when applicants
face diﬀerent costs to signal, prejudice arises when the signals from the disadvantage
applicants are not worthwhile to review since they do not make enough eﬀorts as
signaling is too costly for them.
Overall, an eﬀective policy to reduce prejudice is to make signaling more aﬀordable for the applicants because such a policy improves the quality of information from
signaling and makes the employer more interested in using full information. To improve the quality of information in competitive signaling, we discuss the implications
of the policies such as the Head Start program and the No Child Left Behind policy.
The presumption of the ineﬃciency in prejudice in this paper is due to the fact
that prejudice uses criteria that are unrelated to ability for selection, while it is ability
that matters. Hence, even though we provide some explanations on how prejudice
can improve the quality of information by concentrating the signaling incentives onto
some favored groups, the main point of this paper is that such an improvement is
possible only when the competitive system is severely ineﬃcient.
Moreover, we expect that any gain from prejudice exists only in the short-term
when the applicants have suﬃcient incentive for signaling. If there no longer is an
incentive due to prejudice, prejudice will determine the course. Then, the capacity of
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the market will be permanently set at the current , because no one else except the
favored groups makes an eﬀort. In that case, it is doubtful whether the favored group
will continue to make the same level of eﬀort, knowing that positions are guaranteed
for any level of eﬀort as other discriminated groups no longer make any eﬀort. Hence,
the fundamental ineﬃciency of prejudice is in a dynamic context. Such a long-term
impact of prejudice is an important topic to investigate in future studies in order to
understand the ineﬃciency of prejudice.
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Appendix

1. Proof of Lemma 1
For any given  ∈ [0 1), if  = 1,  =  ,  = −1
 ( ), and thus
P
P
 ( )  0. Thus, =1  ( ( ))  =1   ( ( )), confirming that  = 1.
Under the expectation of  = 0,  =   . Let 0 be the level of incentive
at which  ( (0 )) = 0. Then, for   ≥ 0 ⇔  ≥ 0  , (   ) =
P
P
=1   ( (  ) ≤ (   ) =
=1   ( (  )). Thus, if  ≥ 0  ,
applicants expect  , which increases their eﬀorts to  ( ), and the employer chooses
 in equilibrium. If some  expects   0  , however, lower incentives for eﬀorts
reduces eﬀorts and the value of signal from , and thus, (   )  (   ).
Hence, the self-fulfilling expectation of a low  leads to an equilibrium at which
 = 0.
2. Proof of Proposition 2
P
First,    ⇔ 1 −   =+1 Ψ− (1 − ), since 1 −  ≥ (1 − )
P
and 1  =+1 Ψ− . Then, from (14) and (16), it is always that (   =
 ∗ )  (  = ∗  ∗ ) as long as   0. Thus, if   0,  reviews
all applications  with a plan to select  applicants based on   =  0  =  if
  . If   0, however,  never chooses  even if applicants expect  . Thus, the
equilibrium necessarily involves prejudice. When   0, in equilibrium,  chooses
full information  in expectation of ∗ and the applicants make eﬀorts ∗ under the
expectation of  and equal treatment   = .
Prejudice occurs in equilibrium when  turns to , regardless of whether or not
  0. The applicants must correctly expect the choice of . From (17) and
(19), if ∗  ,  is always better since  ( )  1. On the other hand, if ∗ = ,
28

 ( ) = 1,   = 1, and thus, (   =   ) = (  = ∗ ,  ). Since 
is an increasing function of  , and  increases as  → 1, under equal treatment,
the optimal ∗ is . This results in  =   ∗ and  = ( ( )  ( )
0  (0) = 0  (0) = 0). At  , (  = ∗ ,  ) = (   = ,  ). Thus, 
is chosen in equilibrium and the eﬀorts are realized at  .
3. Proof of Proposition 3
Let 0  0 be the level of signaling incentive at which  (0 ) = 0. That is,
−1
 (0 ) = −1
 (0 )( −  ) − (1 − ) (0 ) = 0. Since  ( )  0, this
implies that 0   . Similarly, we can define an eﬀort ratio 0 ≡ 0 0 =
−1
−1
 (0 ) (0 )  0 that induces  (0 ) = 0. Then, 0 = ( −  )(1 − ) .
The employer would find the signaling information from applicant  valuable only if
  0 , or   0 .
(1) A lower  lowers ( −  )(1 − ) . Thus, as  decreases, it is more likely
that 0   (∗ ) (∗ ) and  (∗ )  0, other things being equal. Therefore,
prejudice is more likely to occur for a low  .
P
(2) A lower  aﬀects the signaling incentive ∗ = [1 − =+1 Ψ− (1 − )]
P
as well as ( − )(1−) . The probability of competition =+1 Ψ− depends
on how likely other applicant 0 will have   . The probability of observing   from
applicant 0 , Ψ0 = 0  +(1−)0  , is an increasing function of . Thus, a decrease in
 increases the incentive to signal ∗ by decreasing the probability of competition and
lowers ( − )(1−) . Let 0 be the level at which 0 =  ( − )(1− )
−1
for a lower   . Then, 0 = −1
 (0 ) (0 ) =  ( −  )(1 −  )  0 .

decreases as  increases, it must be that 0  0 for   . That is, for a
Since 
low , a higher level of incentive 0 is required to get  (0 ) = 0. Therefore, other
things being equal. prejudice is more likely to occur for a low .
(3) If signaling is very costly, in order to attain 0 , a high incentive is required,
i.e., 0 ≈  . Then, distributing the incentives across all applicants can easily lower
∗ to the level below 0 , resulting in  (∗ ) (∗ )  0 . Thus,  does not find it
worthwhile to examine all information. In this case, reducing the cost is an eﬀective
remedy as it will lower 0 , which is more likely to induce ∗  0 , and   0.
P
(4)  (∗ ) is increasing in ∗ =   . From (13),  = [1 − =+1 Ψ− (1 −
)]. To show the eﬀect of , suppose that  is diﬀerentiable with respect to .
£
¤
P
P
Then,   = =+1 Ψ− (1)− =+1 (1−) Ψ−  + (Ψ0− )  .
P
The first term =+1 Ψ− (1)  0 is the direct eﬀect of increasing . This is pos29

itive since an increase in  increases the signaling incentive by increasing the chance
of selection. The second term Ψ−   0 shows that increasing  directly lowers
the probability of facing competition. The third term (Ψ−  )   0
is the indirect eﬀect. As the incentive for signaling increases, a higher level of
eﬀort increases the chance of having a qualifying signals from competing applicants,
and thus, there
is a higher chance of facing competition. Then,   =


(1)− 
=+1 Ψ−
=+1 (1−)[Ψ− ]
 0. Thus, an increase in  increases 
0
1+ 
=+1 (1−)(Ψ− )
∗
and  . The same argument can be applied to the case when  is not diﬀerentiable.
4. Proof of Proposition 4
P
(1) Suppose =+1   (   )  0. From (21), (   = 1   =  ,
∗  )  (  = 1  = 0, ∗ ). Hence, the employer deviates to , which makes
only   sustainable in equilibrium.
P
(2) If =+1   (   )  0, under the expectation of  , ∗  are chosen
by the applicants and expecting ∗  the employer has incentive to choose  . On
the other hand, if the applicants choose  as a result of expecting , the employer may choose  in equilibrium, and thus the equilibrium is self-fulfilling. Since
P




∗

=+1   (   )  0, ex ante, (   = 1   =  ,  )  (  =
1  = 0,  ).
5. Proof of Corollary 1
P
1. When   0. Suppose that =+1   (   )  0. Under the expectation of discrimination, prejudice is the unique equilibrium. Nondiscriminatory policy
establishes the expectation of equal  . Since   0, the equilibrium may induce
full information. Hence, non-discriminatory policy reduces prejudice.
P


If
=+1   (   )  0, on the other hand, full information can arises
in equilibrium. Since it is the expectation of full information that leads to the
equilibrium, the same full equilibrium is achieved under the expectation of nondiscrimination when   0. In the case of prejudiced outcome, nondiscriminatory
policy does not make any diﬀerence.
P
2. When   0. Suppose that =+1   (   )  0. Under the expectation of discrimination, prejudice is the unique equilibrium. Non-discriminatory policy
P
does not alter the outcome since   0. On the other hand, if =+1   (   ) 
0, full information can arises in equilibrium. Since prejudice is the unique outcome
under equal   given that   0, nondiscriminatory policy promotes prejudice.
30
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