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ABSTRACT

This paper studies the effect of employee job selection in a model of statistical discrimination
in a competitive labor market. In an economy in which there are quality differences between groups,
a surprisingly strong condition is required to guarantee discrimination against the worse qualified
group --- MLRP must hold. In addition, because of the self-selection bias induced by competition,
the resulting discrimination is small when compared to the magnitude of the underlying quality
differences between groups. In cases in which the discrimination results because employers' ability
to measure qualifications differs from one group to another, the conditions under which one group
is discriminated against are much weaker. In general, the group employers know least about is
always favored. The economic impact of discrimination that is derived from quality differences
between groups is shown to be quite different to the economic impact of discrimination that derives
from differences in employer familiarity between groups. In the latter case, for a set of equally
qualified employees, it is possible for members of the group that is discriminated against to have
higher wages. Finally, we show how the results can be used to explain a number of empirical puzzles
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1 Introduction

There is perhaps no social issue more controversial than the perceived persistence of “unfair”
discrimination in the economy. This type of discrimination occurs when a characteristic,
such as race, that an applicant has no control over and that has no direct bearing on the
ability of the applicant to perform the duties she is applying to do, is used as a criterion for
selecting the applicant. Thus, although an employee’s sex or race might have no more influ-
ence on his ability to do a particular job than, say, the color of her eyes, there are examples
of economies in which employers base their hiring decisions, in part, on an applicant’s race
or sex. The question of how this practice can persist in a competitive market has intrigued
economists for some time.

The first complete economic analysis of discrimination is by Becker (1971). In this study
Becker takes a taste for discrimination as an economic primitive. However, as Arrow (1972,

p. 86) subsequently argued:

“The possible channels by which discriminatory attitudes come to affect wages
are well stated by Becker, but what might be termed the general equilibrium
aspects are largely ignored; that is, the effects of wage differentials on the stim-
ulation of compensating behavior are slighted, and, as will be seen, these create

a crucial dilemma for an appreciation of the value of economic theory.”

Arrow goes on to point out that in a general equilibrium, a taste for discrimination should
be competed away. In response to his own argument Arrow presents a number of possible
origins of discrimination that would not be competed way in a general equilibrium. Perhaps
the most important is his theory of how statistical discrimination might arise in the economy.
If one assumes that assessing the quality of a potential employee is costly, an employer is
likely to look for costless ways to asses quality. Under these circumstances, if observing
an employee’s race is costless and the employer has prior beliefs about how different race
groups are qualified, then it is “immediately obvious that if the subjective probability on
the mind of an employer that a white worker is qualified is higher than a black worker is
qualified, there will have to be a wage difference if the employer is to hire any blacks at all
(Arrow (1972, p. 97)).”

Although Arrow’s argument is convincing, we will argue in this paper that it cannot be
used to conclude that if one group is better qualified, on average, than another group, then
the latter group will necessarily be discriminated against. Consequently, the argument that
this selection mechanism reduces incentives for self improvement (see Akerlof (1976)) is not
necessarily true. Before either statement can be made another general equilibrium aspect
of the problem, arguably at least as important as competition amongst firms, namely, the

competition amongst employees for jobs, must be considered.



The purpose of this paper is to study the effect of employee job selection on statistical
discrimination in a competitive market. To understand why this may be important, consider
the decision problem faced by a person who wishes to apply for a job at a firm that she knows
discriminates against the population group to which she belongs. If she still chooses to apply
for the job she must rationally believe that her chances of being hired warrant spending
the effort to go through the application process. Since she is discriminated against, this
means that her qualifications for the job must be good enough so that she stands a chance
of being hired despite the discrimination. In other words, to get the job she will have to be
better qualified than she would have to be in the absence of the discriminatory policy. If
the original reason for the discrimination derives from differences in average qualifications
across population groups, this self-selection bias will act to neutralize these differences.

There are two distinct notions of statistical discrimination in the literature. The first,
which we will term “qualification” discrimination, results from qualification differences be-
tween groups. The other notion, which we will term “measurement” discrimination results
from differences in the ability of employers to access quality in different population groups
rather than differences in the distribution of quality within the groups. From a public policy
perspective, it is important to understand when every member of a group will suffer from
discrimination, hereafter, systematic discrimination. The initial focus of this paper is to de-
rive conditions that result in systematic discrimination in a model that includes employee
competition.

The conditions that provide systematic discrimination in an economy with qualifica-
tion differences between groups are surprisingly strong. We demonstrate that even the
distribution of quality in one group stochastically dominates the other group, systematic
discrimination might not result. Indeed, it is possible to construct an example of such an
economy in which there is no discrimination whatsoever. We show that a sufficient condi-
tion for systematic discrimination is that the monotone likelihood ratio property holds for
the two quality distributions.

In general it is quite possible that for certain jobs the discrimination can favor the group
that is, on average, worse qualified. To see, intuitively, how this might happen, note that an
employer’s prior distribution of applicant quality is derived from the distribution of quality
of only the agents who would choose to apply for the job. While one group may be better
overall, this ranking could well be reversed in the subset of agents who choose to apply for
the job.

Quite different results obtain when the distribution of skills is the same for both groups,
but employers are better able to access skill level in one group. If attention is restricted
to economies in which the offered wage in any job is no more than twice the wage in the

next best job, then systematic discrimination will always result and it will favor members of



the group that employers are less familiar with. Besides being somewhat counter-intuitive,
this result contrasts with inferences from models in which competition amongst employees
is not modeled explicitly.

The paper also studies the interrelation between qualification and measurement dis-
crimination. We argue that when both factors are present in the economy, the latter is
more influential than the former. This allows us to generate a number of seemingly patho-
logical cases of economies in which the overall quality distribution of the “better” group
stochastically dominates the “worse” group and employers are better able to measure qual-
ity in the “better” group, yet in every job in the economy, employers choose to statistically
discriminate against members of the “better” group.

The notion of discrimination we have implicitly used up to now is what we term “legal”
discrimination — different criteria are used to evaluate candidates from different groups.
The paper also studies another notion of discrimination, what we term “economic” discrim-
ination. This type of discrimination measures economic differences between agents of the
same quality but from different groups. We show that the interrelation between these two
distinct notions of discrimination is far from intuitive. When the driving factor is quality
differences between groups, we show that systematic legal discrimination results in system-
atic economic discrimination. Surprisingly, this is not the case when employers’ differences
in accessing quality is the driving factor. Systematic legal discrimination need not result
in systematic economic discrimination. In a number of cases we show that members of one
group can simultaneously benefit from economic discrimination but still be legally discrimi-
nated against. This result has important legal implications because the US Supreme Court
has ruled that evidence of economic discrimination can be admissible in cases alleging legal
discrimination.!

These theoretical results might also help explain a number of empirical puzzles. One
example, first documented by Kuhn (1987), is the finding that the amount of measured
economic discrimination is inversely related to the probability that an employee will report
being discriminated against. Another is Neal and Johnson’s (1996) finding that even when
there are large differences in prior skill levels, evidence of statistical is hard to detect. What
evidence they do find in some shows that the economic discrimination favors the worse
qualified group.

Although the focus of this paper is on criteria that employees have no control over, there
is no a priori reason why the results should be limited to these measures. One particularly
interesting application that we do not explicitly consider is the choice of which university to
attend. Two important inferences in this paper are that the discrimination that results from

qualification differences is small relative to these differences, and that under measurement

! International Association of Firefighters v. Cleveland. 1986; Sheet Metal Workers v. Equal Employment
Opportunity Commission, 1986.



discrimination the less familiar group is likely to be favored. It is therefore not clear that
the signal that a job candidate graduated from a top university, per se, confers much
advantage. Indeed, one might argue, based on the inferences in this paper, that for weak
candidates, if two universities have graduates with similar skill levels, attending the lesser
known university might confer an advantage.

The rest of the paper is organized as follows. The next section reviews the literature on
statistical discrimination. Section 3 presents the model. In Section 4 we derive sufficient
conditions that provide systematic discrimination as a result of both quality differences and
differences in employers’ ability to measure quality in two population groups. We then
derive the welfare implications of such discrimination. Section 5 illustrates the relative
importance of qualification and measurement discrimination in the context of three special
cases. In Section 6 we argue, in the context of two empirical studies, that the results can
help to explain a number of empirical puzzles that have been documented. The final section
concludes by considering the some implications of the results. All proofs and a number of

the more technical lemmas can be found in the appendix.

2 Statistical Discrimination

There are (at least) two distinct definitions of discrimination that are used in the liter-
ature. The first is what we will refer to as legal discrimination because it derives from
the legal definition of discrimination in the United States and Canada. Under the laws of
the United States or Canada, any employer who uses race, sex, religion, age or nationality

2 Thus the legal definition is

as a criterion to make a decision is guilty of discrimination.
based simply on whether a certain predefined set of characteristics are used in a personnel
decision. Although it is often presumed that the result of such an act of discrimination will
economically disadvantage one group, the law itself makes no reference to the effect of the
act of discrimination.

The second definition of discrimination, which we will refer to as economic discrimina-
tion, defines discrimination in terms of economic differences between population groups. In
this paper we define an equilibrium that features economic discrimination as one in which
the average wage of two otherwise identical population groups that differ in only one of
these predefined characteristics is not the same. An example would be an equilibrium in
which the average wages of equally qualified men and women differ. Note that this definition
of discrimination makes no reference to why such an inequality exists.

Although the introduction highlights one of Arrow’s theories of discrimination, it would

be misleading to leave the impression that Arrow was alone in proposing this theory. McCall

2See, in the U.S., Title VII of the Civil Rights Act (42 U.S.C., s. 2000e) of 1964 and in Canada, the
Canadian Human Rights Act 1976-77, c. 33, s. 1.



(1973), Phelps (1972), Reder (1972) and Spence (1973) all published similar hypotheses
around the same time. As Akerlof (1976) also argues, rational employers will use factors
such as race and sex in their hiring decisions whenever they cannot measure applicants’
qualities perfectly. Employers use their prior knowledge of the distribution of these factors
in the economy to Bayesian update their estimate of the quality of each applicant. This
updating, since it uses measures that an applicant has no control over, acts to reduce the
incentive of applicants to invest in self-improving technologies. Thus quality differences
between population groups are reinforced. Average wages will be lower among the group
of applicants that have lower average quality and if two applicants that appear equally
qualified apply for the same job, the employer picks the applicant from the better group.

The subsequent literature on statistical discrimination addresses two reasons why em-
ployer’s priors may differ between groups. First, an employer may statistically discriminate
because she knows that the distribution of qualifications within groups differ. We will
henceforth refer to statistical discrimination that results for this reason as qualification dis-
crimination. Second, the distribution of qualifications within the groups may be identical,
however, the employer’s ability to measure these qualifications may differ. Statistical dis-
crimination that results for this reason will be referred to as measurement discrimination.
Aigner and Cain (1977) conclude that qualification discrimination always leads to discrimi-
nation in favor of the better qualified group while the results for measurement discrimination
are ambiguous. In the latter case, above (below) average members of the better (lesser)
known group are favored.

Lundberg and Startz (1983) postulate that measurement discrimination by itself could
lead to qualification discrimination. In their model, “dagger” workers productivity is ob-
served with greater error then “star” workers. This implies a lower return for education for
dagger workers compared to star workers. Consequently, dagger’s, are on average, worse
qualified and so employers use this information to discriminate. In that model equally qual-
ified dagger workers are paid less than their star counterparts. A notable exception occurs
for very low skilled jobs — the above argument is reversed. We will demonstrate that
this seemingly pathological case is in fact the general case in a model in which employee
competition is modeled explicitly.

Cornell and Welch (1996) consider what the pool of workers will look like at company
hiring highly skilled labor in the presence of measurement discrimination. They find that
the group that has less measurement error is favored. This implies that more of these
workers are hired. Cornell and Welch argue that since same group agents are more likely to
be better at evaluating each other, this selection is reinforcing. Ultimately, the probability
that the work force of the company consists of anything but the better measured group is

extremely low. As we will show, it is not clear this will persist in an economy in which



employee competition is explicitly modeled.

The empirical literature documenting race and sex discrimination is extensive.® The
most common approach, first used by Oaxaca (1973), regresses wages on human capital
variables like education level, job tenure, age, etc. that are intended to control for innate
differences in skill levels. The residual of this regression is used as the measure of economic
discrimination. Another approach uses a score on a standardized test to control for skill
levels.* Both of these approaches yield qualitatively similar results — by controlling for
skill level wage differences are substantially reduced. Furthermore, this wage difference has
declined steadily so the most recent studies actually find no difference at all.

These results pose somewhat of a puzzle for theories of statistical discrimination that do
not explicitly model employee competition, because a concomitant decrease in skill differ-
ences has not been detected. These models imply that skill differences should result in sta-
tistical discrimination. One of the interesting implications of explicitly modeling employee

competition is that skill differences do not necessarily result in statistical discrimination.

3 The Model

3.1 Primitives

Consider an economy with a set of agents each of whom is characterized by her marginal
productivity in each job offered. For ease of exposition we will refer to this marginal product
as an agent’s quality. Agents are separated into two types (i.e., race or sex group), h and
[. There are N; agents of type [ and N, agents of type h. Each agent of type t has true
quality, ¢ € @y C @Q, where @ is the set of all possible quality levels. Let the probability
measure F'(q) on Q be the probability of randomly selecting an agent with quality ¢ or less
out of the population of agents of type t. F* is assumed to be absolutely continuous with
respect to a o-finite measure g on Q with Radon-Nikodym derivative (density function) f.
A distinguishing characteristic of the agent types is that the distribution of agents’ true
quality may differ between the two types, that is, F*(q) # F'(q).

There are a set of employers in the economy each of whom advertise that they have a job
available requiring a certain specific quality level and paying a fixed wage. For simplicity, we

will assume that each applicant can only apply to one job.> When an applicant applies for

3A complete review of this literature is beyond the scope of this paper. The interested reader can consult
Cain (1986) and Sorensen (1990) for surveys of the literature on estimating wage discrimination between race
and gender groups. Two examples of more recent studies are Oaxaca (1994) and Macpherson and Hirsch
(1995).

4see Curtright (1973), O’Neill (1990) and Neal and Johnson (1996)

5Although it might appear, at first glance, that the results may be sensitive to this assumption, the
model’s qualitative implications remain valid when employees can apply to multiple jobs. The reason is that
implicitly lowering the cost of applying for a job by giving employees the opportunity to apply to multiple



a job, an employer costlessly observes the agent’s type. She can then further investigate the
quality of the applicant by, for example, looking over the applicant’s resume, interviewing
the applicant and calling the applicant’s references. Since this investigation is costly, it is
assumed that it is not economically feasible for the employer to determine the applicant’s
true quality perfectly. Thus, employers do not observe agents’ true quality ¢ directly, rather
they observe a noisy signal on the true quality s = g+06, where 6 € [—A, A¢] has a mean-zero
distribution function, G*(-), that may depend on the applicant’s type but is independent
of the quality of the applicant. Denote g*(-) as the density function corresponding to G?
(i.e., G'(-) = ¢g'(-)). The signal s should be thought of as the employer’s estimation of the
applicants qualifications for the job before she uses her prior knowledge of the distribution
of quality. It should be interpreted as what under the law is referred to as an applicant’s
“qualifications” for the job.

We will assume that for all ¢, ¢g'(-) is symmetric and logconcave (see An (1998) for a
formal definition and characterization of this class of density functions). Logconcavity is
desirable because this class is known be broad® (see Bagnoli and Bergstrom (1989)) and
the assumption guarantees, amongst other things, that an employer’s estimate of quality
is increasing in the signal. There are a number of useful results that are known about
logconcave density functions. Lemma A.1, in the appendix, summarizes the ones needed in
this context.

There are I different sectors of the economy. In each sector, i, i = 1...1, there are n;
available jobs all advertising the same wage, w;, and requiring the same minimum quality
level.” Given this wage structure, employees choose to apply to a job in the sector that
provides the highest expected wage and employers in that sector hire any applicant whose
expected marginal product (quality) exceeds b;.8 Without loss of generality we will assume
that wages are monotonicaly ranked in the sectors, that is, for every 4, w; > w;1q.

Finally, we will assume that the support of F'(-), for t+ = [, h, is such that there is
always a positive probability of finding agents of both types who have such low quality they
are unable to get any job. In this case they can apply for and get an unskilled job with

certainty. This job requires no qualifications and pays a wage wr11 = 1. We will henceforth

jobs decreases the self selection only if the optimal response of employers is ignored. In fact what happens
is that employers anticipate that the lower application cost will result in more unqualified applicants and so
they raise the hiring standard. This reduces the incentive for unqualified applicants to apply and so the self
selection bias remains important. This is explicitly demonstrated in Berk (1998), were an extension of the
model that allows multiple applications in different sectors is derived.

5The fact that ¢ is bounded does not restrict this class because any truncation of a logconcave distribution
is still logconcave.

"This assumption is motivated by Mortensen (1973) (see also Lippman and McCall (1976)) where it is
shown that in a model with multiple job markets, that a single wage will prevail on each market.

8This assumption is motivated by Lippman and McCall (1976) who show that in a model in which
employers search sequentially for employees, the optimal hiring policy is to hire any employee whose marginal
product exceeds some lower bound.



refer to this wage (job) as the reservation wage (job) in the economy.

3.2 Equilibrium

We first compute, By(s,a,b), an employer’s expectation of quality upon observing a signal
s from an agent of type ¢, given that for that type of agent, only agents of quality ¢ € [a, b)
apply for the job. Let E;[-] denote the expectation under the probability measure F'. The
employer’s expectation of the quality of an applicant of type ¢ when he observes a signal s

18:

b
By(s,a,b) = E¢[q|s,q € (a,b]] = / u g'(s —u) dH'(u;s,a,b)
a

1 by t
= <['bgt(s ) dFt(u)> /a u (s —u) dFt(u), (1)

where,

1
dH' (u;s,a,b) = 5 dF"(u).
12615 — w) dF*(u)

The next lemma shows that employers’ expectations of quality are increasing in the signal

realization.

Lemma 3.1 For any fized a,b with 0 < a < b and any s, % >0.

The lemma shows that when employers know that the quality of agents who apply for
their jobs lie between two bounds, their expectation of an agent’s quality, given a signal
realization s, is weakly increasing in s. Consequently, there will exist a critical signal such
that an applicant is hired if and only if her signal exceeds the critical signal. Since such
a signal will exist for each job, 7, as well, potentially, for each employee type, ¢, it will
henceforth be denoted sj;. It remains to be shown that if employers adopt this hiring policy
employees will self select so that the quality of agents who apply for their jobs lie between
two bounds.

Agents have the following decision problem. Faced with a menu of possible jobs with
wages w;, © = 1...1+1, each agent maximizes her expected wage by choosing which job to
apply for. An agent that is successful in getting the job he applied for is paid the wage w;,

otherwise he is paid nothing. Formally, agents of type ¢ solve the following problem:

max Elw;] = maxw; P(q, 1)
i i

where Py(q,i) is the probability that an agent of type ¢ and quality ¢ will get the i** job

if he applies for it. If agents in this model have rational expectations, then their perceived



probability of getting the i*” job must turn out to be their actual probability of landing the
job, that is, for any agent of type ¢t and quality ¢,

Piq,i) = Plg+6=>si]
=P [5 > 5:7 - Q]
= 1-G'(sf; —q). (2)

We will henceforth assume the if an agent is indifferent between applying for any two jobs,

he always applies for the job with the higher wage.

Lemma 3.2 If an agent of type t and quality q chooses to apply for the i job, then all
agents of type t with quality less than q will choose to apply for a job with j > i (i.e., they

will either choose to apply for the same job or a job with a lower wage).

The implication of this lemma is that the subset of agents of type t who apply for job
i consists of the range of agents whose qualities fall between two bounds: an upper bound
¢t and a lower bound ¢ +1- Agents with quality greater than @t apply instead for jobs with
higher wages while agents with quality less than ¢! 11 apply for jobs with lower wages.

Since employers hire any applicant whose expected quality exceeds b;, the critical signal,

* -
s};, solves:

Bt(‘griaq_;?—&—l?qz) = bl (3)
Substituting (1) into (3) provides,
1 o
- u g'(s5; — u) dF' (u) = b;. (4)
b gt(s —u) dFt(u) | i

it
which when simplified gives the first condition that must be satisfied in equilibrium,

gt

/ " (= b)) g (st — u) dF'(u) = 0. (5)
q75+1
Employers have rational expectations about who will apply for their job. They correctly
infer that any agent of type ¢ with quality between ¢! 41 and ¢t optimally chooses to apply
for the i** job and any agent of this type whose quality does not lie within these bound does
not apply. Since P;(q, ) is continuous in ¢ and since there is a strictly positive probability
that agents of both types exist who have such low quality they are unable to get anything
but the reservation wage, this condition will be satisfied if and only if, for each type ¢ and
job 1,
Wig1 PGy i+ 1) = wi PG, 7). (6)



Using (2) provides the second condition that must be satisfied in equilibrium,
wiyt (1= Gy —@aq)) = wi (1= GH(s}; — Gaq) (7)
i+1 ti+l — dit1 i ti — dit1)) -

Finally, in equilibrium the job market must clear — all available jobs must be filled.

This implies that

gl

a g}
n;i = N /h Py, (u,i) dF"(u) + N /71 Py(u,i) dF'(u)
q7;+1 qi—|—1
qih h h Cjﬁ [ [
_ Nh/h (1 G"(s}; — u) dF'(u)+Nl/l (1—Glsf, — ) dF'(w).  (8)
@1 Tit1

Formally, then, an equilibrium in this economy is defined to be any set of wages, quality
bounds and critical signals {w;, {, qut}t:l,h}f:l that simultancously satisfy (5), (7) and
(8).

The existence of the reservation wage guarantees that every employee who applies for
a job must have a positive probability of getting the job. The following lemma states this

fact (without proof).

Lemma 3.3 In equilibrium, for each type t € {h,1} and everyi=1...1, (j§+1 + Ay > 55

3.3 Other Restrictions

It is possible for the equilibrium defined above to be economically uninteresting. For exam-
ple, if in any sector i, the equilibrium features w; > b;, then in at least some cases, employers
will be paying their employees above their expected marginal product. A rational employer
would choose not to hire at all rather than hire employees under such conditions. This
can occur in the model because we do not model the presumably endogenous process that
determines the number of jobs available and number of sectors.

Competition between employers will drive w; up to b;, so in a model with perfect com-
petition b; cannot be strictly greater than w; either. In the spirit of Arrow’s (1972) critique,
we will impose the perfect competition assumption by restricting attention to equilibria for
which b; = w; for all . However, since wages are easily observable but employment criteria
are not, we will state all of our results in terms of wages. In fact this restriction does not
affect any result in the paper, so this convention has the advantage that the results can
then also be applied to non-competitive labor markets, i.e., equilibria for which b; > w;.

Another endogenous process that is not modeled is the optimal amount of investigation
undertaken by each employer. That is, the signal noise is presumably also determined as
a result of a tradeoff between the cost of investigation and the cost of making a mistake.

From a practical perspective one would not expect investigation costs to be so high that

10



an employer would not be able to recognize the best qualified applicant he could ever hope
to attract. This being the case, we will further restrict attention to equilibria such that for
each type t and in every sector i, G*(sf; — @) = 0 if the best possible candidate who
could apply for a job applies, he cannot get a signal realization that would deny him the
job. This assumption obviously implies that A; < @ — sj;, for all ¢ and 4. As we will show
in Section 5, one;./ example of a distribution of §' that guarantees that this condition is
satisfied is the Uniform distribution.
The condition that G*(s}; — @) = 0 can be used to simplify (5) and (7):

EHE A
/ (u—b;) g'(st — u) dF'(u) = 0 (9)

t
9it1

w; (1 — G'(sy; — (j§+1>) = Wiyl (10)

Thus, (9) and (10) can replace (5) and (7) in the definition of the job market equilibrium.

4 The Nature of the Discrimination

Employees of the same quality (marginal product) perform every job in the economy equally
well regardless of their type. Consequently, we interpret employee type as one of the char-
acteristics singled out under anti-discrimination law (e.g., race or sex). Legal discrimination
therefore occurs in this model whenever an employer uses an employee’s type in the hiring
decision, that is, whenever sy, # sj;. If s;; > s}, agents of type [ have to pass a higher
hurdle in order to get the i job and so are defined to be legally discriminated against. We
will say that the economy features systematic legal discrimination against agents of type [
when s;; < s}, for every i = 1,...,I — in every sector of the economy no agent of type [ is
favored over an agent of type h.

In an economy with legal discrimination the possibility exists that the average wage of
applicants of identical quality might depend on applicant type and so the equilibrium will
feature economic discrimination. In such an equilibrium, if for a given quality level g, the
average wage of type h agents exceeds that of type [ agents, then type [ agents of quality
q are defined to be economically discriminated against. The economy features systematic
economic discrimination against agents of type I when for every quality level ¢ € Q" N Q,
the average wage of all agents of type h and quality ¢ is no less than the average wage of
all agents of type [ and quality q.

We first consider the case when there is no difference between the signal noise in the
two groups. In this case, any discrimination that results derives exclusively from quality
differences. We then consider the case when the distribution of quality is the same for both

groups, but one group has a less informative signal. Finally, we consider the case when

11



both the signal noise and the distribution of quality differs between the two groups.

4.1 Different Underlying Quality Distributions

Throughout this subsection we consider the case when the signal noise does not depend on

the agent’s type, that is, we assume that G, = G; = G, so A, = A; = A. Define

Q' = [bit1,bi-1]NQ" N Q"

Note that this set must contain the set [(jf’#l,(jf'} N[ 41 @], the set of possible applicants
to the i*? job that have the same quality but could be of either type. The following propo-
sition shows that a sufficient condition for legal discrimination is that monotone likelihood

property holds over the set Q.

Proposition 1 If J}—? is strictly increasing on Q°, in equilibrium the i*" employer will legally

discriminate against employees of type l, i.e., sj; > s}, and as a result 97715-5-1 > (jﬁ_l.

Note that the monotone likelihood ratio property implies stochastic dominance, but
the reverse is not true. As we demonstrate explicitly in Section 5 it is possible for some
employers to discriminate against agents of type h even if F” stochastically dominates
F!. As the proposition makes clear, a strong condition is required to get systematic legal
discrimination.

When the condition in Proposition 1 is satisfied, the next proposition shows that eco-
nomic discrimination results. Before we state and prove this result, note that since em-
ployees have rational expectations, the expected wage of a type t employee of quality g will
also be the average wage of all type t employees of quality ¢q. Thus, to show that economic
discrimination exists, it is sufficient to show that the expected wage of employees of the

same quality but of different types, differs.

Proposition 2 In any equilibrium in which s}, < sj;, every agent of type | and quality

between 97?4—1 and sj; + A will be economically discriminated against.

The proposition shows that whenever legal discrimination exists economic discrimination
must also exist. One might conjecture that this result will be true even when the signal
noise differs across agent types. We show, in the next subsection, that this is not the case.

The next proposition derives a sufficient condition for systematic legal and economic

discrimination.

Proposition 3 If ?—7 is strictly increasing on Q" N Q' then the equilibrium will feature

systematic legal and economic discrimination against agents of type l.
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4.2 Different Distributions of the Signal Noise

In this subsection we consider the case when the underlying distribution of quality is iden-
tical in the two groups, but employers are able to measure quality better in one group than
the other: F" = F! = F and G" # G!. The following definition is needed to provide an

ordering over noise distributions:

Definition: Type h agents are said to be less familiar than type [ agents if for all x such

h
that 0 < x < A; (=4 <z <0), Z—l is strictly increasing (decreasing).

This definition together with the symmetry of ¢ implies that if h agents are less familiar
than type I agents, then for § € (—Ap,0), G*(8) > G(6) and for § € (0, Ay), GY(8) > G"(6)
— there is more probability mass in the tails of g” than ¢!. Thus a signal from a type h
agent is less informative in the sense that for any fixed deviation, D, the probability that
it will deviate from true quality by more than D is strictly greater for type [ agents than it
is for type h agents. This is the sense that type [ agents are “less familiar.”

The next proposition shows that so long as the wage of any job is no larger than twice
the wage of the next best job, legal discrimination always results and favors the less familiar

group:

Proposition 4 Let type h agents be less familiar than type | agents. If #il < 2 then the
it" employer will legally discriminate in favor of employees of the less familiar type. That

is, Sj; > Sp;.

So long as the wage of any job does not exceed twice the wage of the next worst job, if
both groups have the same underlying distribution, systematic legal discrimination against
the group with the lower signal noise will exist. Recall that w; = b;, so for equilibria with
no economic rents, this condition reduces to the relatively weak requirement that hiring
standards in any sector cannot be twice has high as the next worst sector.

Relative to the sufficient condition derived in Proposition 1, the condition in Proposition
4 is remarkably weak. On the surface anyway, this result seems counter-intuitive. However,
it derives directly from the fact that employees select the job they apply for: when wage
differences are not too large, the average quality of candidates applying for the it job
exceeds b;. To see why this provides the result, consider an extreme case in which F* = F!
and A; = 0 but Ay > 0. For candidates of type [ the signal completely reveals the true
quality so sj; = b;. Now consider a candidate of type h who arrives with a signal b;. Because
the average quality of candidates applying for the job exceeds b;, when the employer uses his

prior knowledge of the distribution of candidates who apply, he will infer that the expected
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quality of an agent with signal b; exceeds b;. Thus the critical signal for candidates of type
h must be less than b;.

Since the critical signal is always higher for the group with the smaller signal noise,
this group suffers from systematic legal discrimination. Systematic economic discrimina-
tion nevertheless does not necessarily exist in this economy. If we continue the thought
experiment in the previous paragraph, it is easy to see why. Type h employees of quality
just below b; choose to apply for the i job so their expected wages must exceed wyy 1, the
wage of type [ employees of the same quality. The reverse is true for employees of quality
just above b;. Type h employees cannot get the job for sure (otherwise (10) could not be
satisfied) so their expected wages are strictly less than w;, the expected wage of type [
employees.

The reason that legal discrimination does not necessarily lead to economic discrimi-
nation is that economic discrimination is defined in terms of differences in average wages
without any regard to where these differences originate. Note the even if there were no legal
discrimination in the thought experiment (so that sj, = b;), economic discrimination would
still exist.

In light of how weak the conditions are that guarantee legal discrimination in the econ-

omy, the following proposition follows immediately:

Proposition 5 Let type h agents be less familiar than type | agents. If for every i =

L...,I, ;7 <2 then the equilibrium will feature systematic legal discrimination against
i+1

agents of type l.

So long as employers act optimally in this model, Proposition 5 implies that the possi-
bility that measurement discrimination, by acting to reduce the incentive of one group to
adopt self-improving technologies, might in turn lead to qualification discrimination (as in
Lundberg and Startz (1983)) is unlikely. Although legal discrimination is likely to exist, the
differences in expected wages are unlikely to systematically disadvantage any one group.
Given the large uncertainty in both how much an investment in education will increase an
individual’s marginal product as well as in future wages, it would be extremely difficult for
an individual member of either type to tell, ex ante, whether an investment in education

would be more productive ex post, were she of another type.?

4.3 Differences both in the Underlying Quality and the Signal Noise

In this subsection we consider economies for which F* # F! and G* # G'. The results

follow directly from the results of the previous two subsections:

9This is also consistent with the recent empirical evidence (see, for example, Kuhn (1987) or Neal and

Johnson (1996))
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Proposition 6 Let type h agents be less familiar than type | agents. If -2 < 2 and s

h
Wiyl — It
is strictly increasing on [biy1,b; 1], in equilibrium the i'" employer will legally discriminate

against employees of type l, i.e., sj; > s}..

The next proposition follows immediately from this proposition and is stated without

proof:

Proposition 7 Let type h agents be less familiar than type | agents. If for every i =

1,...,1, wﬁl < 2 and ff—? is strictly increasing on QV, in equilibrium the systematic legal

discrimination against employees of type | will exist.

Note that comparable results cannot be derived for economic discrimination. In this case
the discrimination depends on the relative magnitude of the differences in the signal noise
and underlying quality. Also, when the conditions in Proposition 7 do not hold, the relative
magnitudes of the two factors that cause the discrimination will be important in determining
who suffers from the discrimination. Since the relative importance of the factors depends
on characteristics of the specific distributions, to draw inferences it is necessary to further
restrict these distributions. In the Section 5 we will attempt to gain some insight into the

relative importance of the factors by considering three specific cases.

5 Interaction Between Quality Differences and Noise Differ-

ences

In this section of the paper we will consider three specific cases. In all three cases we assume
that ¢ is distributed Uniform[—A¢, A]. In the first case we will assume that quality is also
uniformly distributed. In this case we are able to obtain closed form solutions. In the
two remaining cases we assume that quality is distributed under a Normal and a Cauchy
distribution. In these cases, closed form expressions are not attainable, and so we rely on
numerical methods.

In all three cases examined we find that the resulting qualification discrimination is small
relative to the assumed quality differences across types. This is not true for measurement
discrimination. In all three cases, differences in the signal noise leads to significant legal and
economic discrimination. However the type that benefits depends on quality. Interestingly,
commonly used measures of discrimination such as average wages and the ratio of each type
employed in each sector convey the opposite results. That is, qualification discrimination
leads to large average wage differences as well as ratios within the sector quite different to
the ratio of each type in the economy as a whole. Measurement discrimination, on the other
hand, leads to almost no average wage differences and ratios in the sectors that mirror the

ratio of each type in the economy as a whole.
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Lemma B.2, in the appendix, shows that if ¢ is distributed Uniform[—A¢, A¢] in every
equilibrium GY(gf — s};) =0 Vi if the best possible applicant applies for the job, he will
get it for sure. This assumption can be used to simplify the equilibrium conditions further.
From (7) we get,

(At = 53 + dis1)

Wi41 = Wy 2At s Lzl,,I (11)
Solving for ¢ 11 provides:
_ Wi+4-1 *
q7f+1 = 2At77+ + Sti - At
(3
= s+ WAy, i=1,...,1, (12)

where W; = 2% — 1 < 1. Using this relation and the Uniform assumption, (9) becomes

sy A ;

/ (u—b;) dF*(u) = 0. (13)
. S;—FWZAt

Thus, (12) and (13) can replace (10) and (9) in the definition of the job market equilibrium.

Under the Uniform assumption, systematic legal discrimination that results from differ-

ences in signal noise can never, by itself, lead to systematic economic discrimination. The

following proposition proves this.

Proposition 8 Assume that F" = F' and the condition in Proposition 5 holds. Then

systematic economic discrimination will not exist.

5.1 Case I: Uniformly Distributed Agents

Assume that the underlying distribution of agent’s quality for both types is uniform, that
is,

F'=U[0,]] and F" = U|0, h], (14)

where h > [. Substituting these underlying distributions into (12) provides,

sy A
/* A (u—1b;) du=0. (15)
VS TWiRt

Integrating (15) gives,
2

—-b;=0.

Solving for sj; yields,
A
sty = bi = S (L+ W), (16)
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By assumption, this equation only holds for jobs to which employees apply. If in every
sector i, n; > 0, for type h applicants, (16) holds for all jobs. To determine which jobs type
[ applicants apply for, note that

s <1— Ay,

for any 7 to which type I applicants apply. Using (16) provides,
- A
biﬁl—?l(l—m>~
Thus, the set of jobs that type [ employees apply to is restricted to the set A = {i]b; <
I- %(1 — W;)}. Define ¢ as the smallest element of A.

When A, = A; = A, that is, the employer’s estimate of an applicants true quality is
independent of the applicant’s type, then, from (16), for the jobs that both types apply to,
sj; does not depend on t. For these jobs the critical signal is the same for both types and
so there is no legal discrimination. This result does not depend on the relative values of h
and 1. There is no discrimination in the economy even though F” stochastically dominates
Fl.

By substituting (16) into (13) and solving for ¢! in terms of the primitives we get,

_ A
Tpq = bi— 5(1 = Wit1), (17)

where 7 is restricted to the set A for £ = I. Since the right hand side of this equation is
not a function of type, ¢! 1 is not a function of type. However, (17) does not provide the
upper bound on the best job agents apply to (this bound is given by the upper bound of
the quality distribution). Therefore for any job except perhaps for job ¢, all agents of the
same quality choose to apply for the same jobs.

For job ¢ (the best job type [ agents apply for), if @* > [ then the value of I does not
affect the analysis and so the above inference, that agents of the same quality apply for
the same jobs holds for job ¢ as well. Since any applicant’s probability of getting a job is
independent of type (by (16)), for a given quality level, the average wage will not differ
between types and so no economic discrimination exists in the economy. If, on the other
hand, q‘f‘ < [ then some high quality type [ agents might exist who choose not to apply for
the same job that type h agents of the same quality apply for. To see why, note that agents
of type | with quality between @ and [ apply for job ¢ while agents of type h with quality
between @ and [ apply for job ¢ — 1.10 Thus this subset of agents alone will have different

average wages and so the type [ agents in this subset will suffer economic discrimination.

10Recall, from Lemma B.2, that every job that agents apply for must include the possibility that an agent
of sufficiently high quality will apply who will get the job for sure. Thus agents of type | with quality between
G" and [ cannot apply for job ¢ — 1 because no type ! agent exists who could get that job for certain.
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For all other sectors ¢ such that ¢ > ¢, however, there is no economic or legal discrimination.
Different results obtain when Ap # A; so that the signal noise differs between groups.
By (16), s;; is a decreasing function of A; so the less familiar group is legally discriminated
against. In this case the effect of the measurement uncertainty dominates the uncertainty
in quality. Increasing the relative values of h and [ makes no difference to the resulting legal
discrimination because it does not exist. Increasing the relative values of Ay, or A; has an
effect on the resulting legal discrimination because by (16), sj; is a linear function of A;.
This example demonstrates an important difference between statistical discrimination
that results from quality differences rather than differences in measurement error. When the
only difference between employee types is the distribution of quality, employee self selection
eliminates the discrimination in the example. On the other hand when differences result

from employer familiarity the discrimination persists. To see why differentiate (16) to get:

Osy; Wiy
8At Wy
Since w{:_’l < 1, the difference in the critical signal between the two groups is always less
K

than the signal differences, so employee self selection mitigates the discrimination. However,

> 0, so the discrimination cannot be

. . w;
because of the existence of the reservation wage, =t

removed entirely. z

In the case of quality differences the self selection directly affects the underlying rea-
son for discriminating in the first place by altering the conditional quality distributional
differences between types. In the case of measurement differences, the self-selection bias
does not affect the signal noise and so does not directly affect the underlying cause of the
discrimination. It therefore cannot completely eliminate the effect of differences in signal

noise.

5.2 Case II: Normally Distributed Agents

In this section we will consider a job market were agent’s qualities are distributed normally,

that is, we assume that
F' = Normal[9, 2.5] and F" = Normal[11, 2]. (18)

The total number of employees is normalized to 1, and it is assumed that there is an equal
fraction of type h and type [ employees. There are 10 different job sectors withb; = 22 — 24,
i = 1,...,10. Recall that employers do not make economic rents off their employees so
w; = b;. This marginal product (wage) schedule is selected so that the ratio of the highest
marginal product (wage) to the reservation wage is 20. To ensure existence, we set the

number of jobs in each sector equal to the supply of available employees.
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These two distributions, as well as the minimum required quality and wage for each job
are plotted in Figure 1, Panel A. Agents of type h are therefore “better” both in terms of
average quality and in terms of the fact that quality is less dispersed — F" second order
stochastically dominates F'. Nevertheless, as Figure 1, Panel B demonstrates the likelihood
ratio is not monotone over all job sectors. As a result, the direction of the discrimination

in equilibrium will not always favor one type.

Figure 1: Quality Distributions

The curves are two normal distributions and the light curves are the two Cauchy distributions. Panel
A plots the respective density functions, and panel B plots the likelihood ratio, ff—’; The vertical
gray lines on the even numbers mark the wage offered by employers as well as cmploycrs’ minimal
acceptable expected quality (marginal product). The vertical gray line at one is the reservation wage
in the economy.

A: Density Functions B: Likelihood Ratio
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Substituting the distributional assumption into (13) and integrating gives:

(s* +A;—9)2 (% 4+A;W; —9)2 * _ * L
- “+12.t5 9 . 11+1t22 9 (bi—9) 81 <N<sh—|—At 9> N (sh—l—AtVVz 9)) —0

25 2.5 2.5
(19)
and
(s 4+A4—11)2 (sh AAW;—11)2 * - x| L
(20)

where N(z) is the standard normal distribution function. The solution to these equations
provides the equilibrium sj;, for each type t. Equation (12) can then be used to derive the

equilibrium gt. n; is then set by (8).
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We first consider the case when the signal noise does not depend on the agent’s type,
ie, Ay, = A; = A =1.95. A is chosen to be close to the maximum that still ensures that
every sector has a positive number of employees. The equilibrium is reported in Table 1.

It is quite striking how small the difference in critical signals is between the two groups
of agents. Even though average quality differs by 2 (one standard deviation of f#), in
no case does the critical signal difference exceed 0.1. As predicted by Figure 1, Panel B,
the direction of the discrimination favors type [ agents in the better sectors where the
likelihood ratio is decreasing. In this example, the group with the better average quality is
discriminated against in the first four job sectors and benefits from the discrimination in
the other sectors. This is true both for legal discrimination (see Table 1, rows 3 and 4) and

economic discrimination (see Figure 3, dark curve).

Table 1: The Equilibrium in the Economy with Normal Agents with Identical
Signal Noise

Quality (marginal product) is distributed Normal[9, 2.5] for agents of type I, Normal[11, 2] for agents
of type h and A, = A; = 1.95. The fraction of employees employed (n), the offered wage or minimal
expected marginal product (w), the equilibrium critical signal (s} and s}), the upper bound on
quality (" and @) and the fraction of each type employed in each sector (ns and n;) are listed
below. The final two rows (Ej [w]i] and Ej[w|i]) are the expected wage of all employees of a particular
type who choose to apply in the " sector. The overall fraction of employees employed (n) and the
fraction by type (n, and n;) are listed in percent. The final column contains these values for the
reservation job in the economy.

Job

1| 2 3 4 5 6 7 8 9 10 | res
n 0.0006 | 0.026 | 0.541 | 4.94 | 18.93 | 31.45 [ 25.14 [ 11.31 | 2.85 | 0.257 | 0.022

w 200 | 18.0 | 16.0 | 14.0 | 12.0 | 10.0 | 80 | 6.0 | 4.0 2.0 1.0
s 18.273 | 16.294 | 14.318 | 12.348 | 10.384 | 8.427 | 6.478 | 453 | 2.54 | 046 | —oo
s} 18.267 | 16.289 | 14.316 | 12.349 | 10.392 | 8.448 | 6.525 | 4.63 | 2.76 | 0.69 | —oo
7" oo [ 19.833 [ 17.811 | 15.781 | 13.741 | 11.684 | 9.597 | 7.45 | 5.18 | 2.54 | 0.46
7 oo | 19.827 [ 17.806 | 15.778 | 13.742 | 11.692 | 9.618 | 7.50 | 5.28 | 2.77 | 0.69
n, 0.0005 | 0.031 | 0.779 | 7.41 | 27.12 | 37.91 | 19.68 | 3.50 | 0.172 | 0.0011 | 0.000
ny 0.0007 | 0.020 | 0.303 | 2.47 | 10.75 | 25.00 | 30.61 | 19.11 | 5.52 | 0.512 | 0.044

Ep[wli] || 19.31 | 17.36 | 15.43 | 13.50 | 11.58 | 9.66 | 7.74 | 5.80 | 3.84 | 1.84 | 1.0

Eyfwli] | 19.43 | 17.44 | 1547 | 1350 | 11.53 | 9.55 | 7.57 | 557 | 355 | 1.72 | 1.0

The difference between the expected wages of identical agents from different groups is

so small that it is almost indistinguishable on the plot of expected wages (Figure 2, dark
curves). This difference, as a fraction of the expected wage of the agent of type [, is plotted

in Figure 3.1 In all cases the difference in the expected wage of the two types is within

HThe peculiar shape of the plot is easily explained. Regions in which the difference is zero correspond
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Figure 2: Expected Wages in the Economy with Normal Agents

The expected wage of an agent of quality ¢, is the probability of getting the job this agent chooses
to apply for multiplied by the wage offered for this job. The dark (dashed) curve is the expected
wage of type h (1) agents in the economy with different quality distributions but the same signal
noise, i.e., Ay = A; = 1.95. The light curve is the expected wage of an agent with the type h quality
distribution, but with signal noise A = 1.0. The vertical gray lines mark the offered wage or minimal

expected marginal product for each respective job.
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12% of the expected wage of the [ type.

One of the features of this equilibrium is that the absolute magnitude of the discrimi-
nation decreases as the quality of the job increases. The reason for this is that, given two
jobs, the employee’s decision about which job to apply for depends on the ratio of the wages
of the two jobs (see (10)). Since this wage ratio decreases with job quality, relatively more
applicants to the low paying jobs opt to take the risk and apply for a job they might not
get rather than applying for the next worse job which they can get with certainty. Thus
the regions in which the expected wages are the same (because both types choose to apply
to jobs they can get for sure) increase as the jobs get better. Since the signals in these
regions are fully revealing, the fraction of applicants with fully revealing signals is higher
in the better jobs. Consequently, the average informativeness of the signal is higher, so the
amount of discrimination is correspondingly lower.

Of course, from an empirical standpoint, since true quality is unobservable, the expected
(or average) wage for a given quality level is unobservable. The final two rows of table
address this issue by calculating the average wage of all applicants to a particular sector.
Here again the differences are very small and the direction mirrors the direction of the
economic discrimination in the economy. However, the average wage all type h agents is
10.00 while it is only 8.01 for type [ agents. From a policy perspective this difference is
important because it emphasizes that even though the amount of economic discrimination
in this economy is small, because there are large average differences in quality across types,
average wage differences are still very large.

When differences in types are driven by differences in signal noise, the magnitude of the
resulting discrimination increases appreciably. Table 2 shows the equilibrium when quality
is distributed identically Normal[11,2] for both types but A = 1.95 and A; = 1.0. The
difference in the critical signals is now larger than before reaching a maximum of 0.865.
Consequently, the average quality of applicants applying for any job is significantly lower in
the h group than the [ group. The magnitude of the economic discrimination is appreciably
larger and, consistent with Proposition 5, it does not systematically favor any one type over
the other (Figure 2). The percentage differences in expected wages (Figure 4) is surprisingly

large (when compared to the previous case), reaching a maximum of about 45%.'2

to quality levels in which agents of both types are certain to get the job if they apply. Thus their expected
wage is the same. Once one of the types (say h) chooses to apply to the next best job the curve rises rapidly,
since as quality increases the probability of getting the job rises accordingly. Until quality increases to the
point that agents of the other type () choose to apply for the same job, the expected wage of the other
type remains constant, hence the percentage difference increases dramatically. This rapid increase in the
percentage difference is arrested at the point that both types choose to apply to same job. It then begins to
slowly decrease because the curve is percent of the type | expected wage. It begins to decrease rapidly once
quality is increased to the point that the h type is certain of getting the job and returns to zero once both
types are certain of getting the job.

12This maximum occurs in the lowest paid job where the ratio of the wage to the wage of the next best
job is large and so there are few quality levels in which employees reveal their marginal product by choosing
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Figure 3: Percentage Difference in Expected Wages in the Economy with Differ-
ent Quality Distributions but Identical Signal Noise

The expected wage of an agent of quality ¢, is the probability of getting the job this agent chooses
to apply for multiplied by the wage offered for this job. The percentage difference between the
expected wage of two agents of the same quality is then defined to be the expected wage of the
agent of type h minus the expected wage of the agent of type I divided by the expected wage of the
agent of type [ (i.e., W) expressed in percentage terms. The dark curve is economy with
normally distributed agents and the light curve is the economy with Cauchy distributed agents.
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Table 2: The Equilibrium in the Economy with Identical Normal Agents with
Differing Signal Noise

Quality (marginal product) is distributed Normal[11, 2] for agents of both types. Agent’s of type
[ have smaller signal noise, i.e., A; = 1 and A, = 1.95. The fraction of employees employed (n),
the offered wage or minimal expected marginal product (w), the equilibrium critical signal (s} and
s7), the upper bound on quality (@" and ¢") and the fraction of each type employed in each sector
(np, and ny) are listed below. The final two rows (Ep[w|i] and Ej[w|i]) are the expected wage of
all employees of a particular type who choose to apply in the i** sector. The overall fraction of
employees employed (n) and the fraction by type (nj and n;) are listed in percent. The final column
contains these values for the reservation job in the economy.

Job
1 | 2 | 3 [ 4 | 5 | 6 | 7 | 8 | 9 | 10 | res
n 0.00045 | 0.029 | 0.73 [ 7.08 | 26.40 [ 38.02 | 20.77 | 4.10 [ 0.258 | 0.0038 | 0.00004
w 20.0 | 18.0 | 16.0 | 140 | 120 [ 100 | 80 | 6.0 | 4.0 2.0 1.0
sy 18.27 | 16.29 | 14.32 | 12.35 | 10.38 | 8.427 | 6.478 | 4.528 | 2.543 | 0.4604 | —oo
s} 19.11 [ 17.12 [ 15.13 [ 13.15 | 11.17 | 9.197 | 7.234 | 5.287 | 3.360 | 1.325 | —oo
7" co | 19.83 [ 17.81 [ 15.78 | 13.74 | 11.68 | 9.597 | 7.453 | 5.178 | 2.543 | 0.4604
7 co [ 19.91 | 17.90 | 15.88 | 13.86 | 11.84 | 9.797 | 7.734 | 5.621 | 3.360 | 1.325
n, 0.0005 | 0.032 | 0.78 | 7.41 | 27.12 | 37.91 | 19.68 | 3.50 | 0.172 | 0.0011 | 0.00001
ny 0.0004 | 0.027 | 0.69 | 6.75 | 25.69 | 38.14 | 21.87 | 4.69 | 0.344 | 0.0065 | 0.00007
Ep[wli] || 19.31 [ 17.36 | 1543 | 13.5 | 11.58 | 9.66 | 7.74 | 5.8 | 3.84 | 1.84 1.0
Ejwli] || 19.60 | 17.63 | 15.67 | 13.72 | 11.77 | 9.82 | 7.87 | 5.90 | 3.92 | 1.97 1.0
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A notable difference between this equilibrium and the previous one is that while the
magnitude of the discrimination is much larger in this equilibrium, there is almost no
difference in average wages. The average wage of both types is almost exactly 10.00. The
reason for this is that quality in both types is identically distributed. This observation
emphasizes the fact that average wage differences are a measure of quality differences in the
economy, not a measure of the amount of economic discrimination.

Finally, consider the case in which group h quality is distributed Normal[l1,2] with
Ap = 1.00 and group ! quality is distributed Normal[9,2.5] with A; = 1.95, so type h
agents higher average quality as well as lower signal noise. By comparing the fourth row
of Table 1 to the fourth row of Table 2 we can get some idea of relative importance of the
underlying factors that drive the discrimination, albeit in a slightly different economy in
which the supply of jobs is given by the sum of nj, in Table 2 and n; in Table 1. It is clear
differences in signal noise are a much more important factor than differences in quality.
For example in such an economy group h agents are systematically legally discriminated
against — the differences in quality are swamped by the differences in signal noise. As
in the uniform example, the group that both is better qualified on average and has lower
measurement error will suffer from systematic legal discrimination. Furthermore, from
Figure 3, despite the systematic legal discrimination, systematic economic discrimination
does not result and the magnitude of this discrimination is of the same order as the case

when quality was identically distributed across the two types.

5.3 Case III: Cauchy Distributed Agents

In this subsection we will consider an identical job market to Subsection 5.2 except that
now agent’s qualities are assumed to be distributed under a Cauchy distribution, that is,

we assume that
Fl = Cauchyl9, 2] and Fh = Cauchy[11, 2],

where Cauchyla,b] is a Cauchy distribution function with location parameter a and scale
parameter b. These two distributions are plotted as the light curves in Figure 1, Panel A.
Agents of type h are therefore “better” in terms of the fact that F” stochastically dominates
F!. Nevertheless, as Figure 1, Panel B demonstrates the recognize ratio is not monotone
over all job sectors. As a result, the direction of the discrimination in equilibrium will not
always favor one type. Type [ agents will benefit from the discrimination in the best and

the worst sectors.

to apply for a job that they are certain to get.
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Figure 4: Percentage Difference in Expected Wages in the Economy with Iden-
tical Quality Distributions but Differing Signal Noise

The expected wage of an agent of quality ¢, is the probability of getting the job this agent chooses
to apply for multiplied by the wage offered for this job. The percentage difference between the
expected wage of two agents of the same quality is then defined to be the expected wage of the
agent of type h minus the expected wage of the agent of type I divided by the expected wage of the
agent of type [ (i.e., W) expressed in percentage terms. The dark curve is economy with
normally distributed agents and the light curve is the economy with Cauchy distributed agents.
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Substituting this distributional assumption into (13) and integrating provides,

log <85 — 18 (sf; + AW:) + (s5; + Atm)Q)
85 — 18 (sf; + A¢) + (55 + Ar)?

+ (bi = 9) <ar(:tan <8”+2tg> — arctan <317+;VV9)> =0

for agents of type [ and

. <125 — 22 (s, + AW + (sh, + A Wi)g)
g
125 — 22 (s%, + Ay) + (s5, + A)°

+ (b; — 11) (arctan <S’”+§t_11> — arctan (5}”' + A;Wi - 11)) _0

for agents of type h. The solution to these two equations and equation (12) provides the

equilibrium s}; and ¢/ for each type ¢ and job 4 in the economy. n; is then set by solving

(8)-

Table 3: Equilibrium in the Economy with Cauchy Agents with Identical Signal
Noise

Quality (marginal product) is distributed Cauchyl[9, 2] for agents of type I, Cauchy[11,2] for agents
of type h and Ay, = A; = 1.95. The fraction of employees employed (n), the offered wage or minimal
expected marginal product (w), the equilibrium critical signal (s} and s}), the upper bound on
quality (" and @) and the fraction of each type employed in each sector (ns and n;) are listed
below. The final two rows (Ej [w]i] and Ej[w|i]) are the expected wage of all employees of a particular
type who choose to apply in the " sector. The overall fraction of employees employed (n) and the
fraction by type (n, and n;) are listed in percent. The final column contains these values for the
reservation job in the economy.

Job

1 | 2 | 3 | 4 | 5 | 6 [ 7 | 8 ] 9 | 10 | res

n 6.45 1.63 | 273 | 537 [ 12.98 | 24.04 [ 2122 [ 895 [ 357 | 1.49 | 7.00

w 20.0 180 | 160 | 140 | 120 | 100 | 80 | 6.0 | 4.0 2.0 1.0
sy 18.2477 | 16.271 | 14.301 | 12.340 | 10.389 | 8.420 | 6.501 | 4.652 | 2.942 | 0.9582 | —oo
s} 18.2472 | 16.270 | 14.299 | 12.337 | 10.391 | 8.460 | 6.506 | 4.636 | 2.917 | 0.942 | —oo
7" oo | 19.808 | 17.788 | 15.763 | 13.733 | 11.689 | 9.59 | 7.476 | 5.302 | 2.942 | 0.958
7 co | 19.807 | 17.787 | 15.761 | 13.730 | 11.691 | 9.63 | 7.481 | 5.286 | 2.917 [ 0.942
n, 7.09 198 | 346 | 725 | 1862 | 29.18 | 1347 | 525 | 247 | 1.15 | 6.26
ny 5.81 128 | 199 | 349 | 7.33 | 18.90 | 28.94 [ 12.66 | 4.67 | 1.84 | 7.74

Ep[wli] || 19.96 | 17.74 | 15.69 | 13.62 | 11.56 | 9.69 [ 7.69 | 554 | 3.29 | 1.54 | 1.0

Eyfwli] || 19.97 | 17.75 | 15.71 | 13.65 | 11.56 | 9.48 | 7.62 | 558 | 3.33 | 1.55 | 1.0

The equilibrium for the economy when A; = A; = 1.95 is shown in Table 3. One
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important difference between this case and the Normal case is that due to the fat tails of
the Cauchy distribution, a much greater fraction of employees are employed in the best
sector and reservation job than in the previous case. Considering that the difference in
location parameters is 2, it is somewhat surprising that in no case does the difference in the
critical signal exceed 0.04. As a result the economic discrimination is minimal (Figure 5,
dark curves). The difference in expected wages expressed as a percentage of the expected
wage of the agent of type [, is plotted as the lighter curve in Figure 3. This difference never
exceeds 1.5%. The difference in the average wage of employees that apply to a particular
sector never exceeds 0.21. There is virtually no discrimination in this economy, even though
average wages differ by 1.72 — type h (1) agents make 10.07 (8.35) on average. Another
measure that is commonly used as a barometer of discrimination in the economy is the ratio
of each type working in a sector. So in this case, even though both types make up an equal
fraction in the economy, type h employees are more than twice as numerous in the fifth
sector while only half as numerous in the seventh sector. What the example emphasizes is
that these differences are not driven by discriminatory policies, but rather, by the fact that

quality is distributed differently for the two types.

Figure 5: Expected Wages in the Economy with Cauchy Agents

The expected wage of an agent of quality ¢, is the probability of getting the job this agent chooses
to apply for multiplied by the wage offered for this job. The dark curve is the expected wage of both
types of agents in the economy with different quality distributions but the same signal noise, i.e.,
Ap = A; = 1.95. The light curve is the expected wage of an agent of type h when Aj, = 1.0. The
vertical gray lines mark the offered wage or minimal expected marginal product for each respective

job.
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The principle qualitative difference between this example and the Normal example is
that the direction of the economic discrimination is different within the range of jobs offered
in the economy (see, for instance, Figure 3). In the normal case type | workers are favored
in the better sectors, while in the Cauchy case they are favored in the extreme sectors (i.e.,
the very highly paid and very lowly paid sectors). The principal quantatitive difference is
that the magnitude of the discrimination in the Cauchy case is significantly lower than the

Normal case (see, for example, Figure 3).

Table 4: Equilibrium in the Economy with Identical Cauchy Agents with Differ-
ing Signal Noise

Quality (marginal product) is distributed Cauchy[11,2] for both types of agents. Agents of type h
have higher signal noise than agents of type I: A, = 1.95 and A; = 1.0. The fraction of employees
employed (n), the offered wage or minimal expected marginal product (w), the equilibrium critical
signal (s} and s7), the upper bound on quality (¢" and g") and the fraction of each type employed in
each sector (nj, and n;) are listed below. The final two rows (Ej[w|i] and Ej[w|i]) are the expected
wage of all employees of a particular type who choose to apply in the i*? sector. The overall fraction
of employees employed (n) and the fraction by type (n, and n;) are listed in percent. The final

column contains these values for the reservation job in the economy..

Job
1 [ 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 10 | res
n 706 | 1.96 | 341 [ 7.09 [ 1811 [ 29.28 [ 14.20 | 557 | 2.65 | 1.32 | 6.43
w 20.0 | 180 | 160 | 140 | 120 | 10.0 | 80 | 6.0 | 4.0 2.0 1.0

sy 18.25 | 16.27 | 14.3 | 12.34 | 10.39 | 8.42 | 6.501 | 4.652 | 2.942 | 0.9582 —00

5] 19.10 | 17.11 | 15.13 | 13.15 | 11.17 | 9.195 | 7.24 | 5.321 | 3.478 | 1.482 —00

7 00 19.81 | 17.79 | 15.76 | 13.73 | 11.69 | 9.59 | 7.476 | 5.302 | 2.942 | 0.9582
q 00 199 | 17.89 | 15.88 | 13.86 | 11.84 | 9.795 | 7.74 | 5.654 | 3.478 | 1.482
np 709 | 1.98 | 346 | 7.25 | 18.62 | 29.18 | 1347 | 5.25 | 2.47 1.15 6.26
ny 703 | 1.94 | 3.36 | 6.93 | 17.60 | 29.39 | 14.92 | 5.89 | 2.84 1.50 6.59

Enfwli] || 19.96 | 17.74 | 15.69 | 13.62 | 1156 | 9.69 | 7.69 | 554 | 320 | 154 | L0

Ej[wld] || 19.98 | 17.86 | 15.84 | 13.8 | 11.76 | 9.83 | 7.85 | 5.77 | 3.63 1.79 1.0

The effect of allowing the signal noise distribution to be a function of type is almost
identical to that of the economy with normal agents. Table 4 shows the equilibrium of an
economy in which quality is distributed identically in the two groups (Cauchy[11,2]) but
Ap = 1.95 and A; = 1.0. The difference in the critical signals, expected wages (Figure
5), the percentage difference in the expected wages (Figure 4) and the average wage of
employees who apply to a particular sector look much like the normal economy when the
signal noise differs. Like the Normal economy average wages are almost identical at 10.07.
In contract to the case with identical signal noise, in every sector the ratio of each type

working in a sector is very close to the population ratio. Finally, like the uniform and
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normal examples, if the group with the better quality distribution is also endowed with the
lower signal noise, then members of this group will by systematically legally discriminated

against.

6 Empirical Implications

In this section we use the results of two studies (Kuhn (1987) and Neal and Johnson (1996))
to explore the empirical implications of our model. These two studies are chosen for a
number of reasons. Firstly, together they span the two main sources of discrimination —
race and gender. Secondly, both studies use data from time period well after the passage
of the civil rights legislation in the early sixties when tastes were the more likely cause of
discriminatory practices. Thirdly, Neal and Johnson (1996) make a persuasive case that
they are able to accurately measure worker skill level (“quality” in our terminology), while
Kuhn (1987) includes a measure of perceived discrimination. Thus the former study allows a
test of economic discrimination while the latter allows a test of legal discrimination. Finally,

both studies document puzzles which we argue our model might help to explain.

6.1 Economic Discrimination

Neal and Johnson (1996) use a data set of workers for which they persuasively argue they
can measure both workers’ skill levels upon entering the labor force (hereafter “quality”) and
their subsequent wages. They use as the measure of quality, the Armed Services Vocational
Aptitude Battery (ASVAB) which is administered to youths in their sample in 1980 when
their ages ranged between 15 and 18. They use the National Longitudinal Surveys of Youth
(NLSY) to measure the what these youths actually earned between ten and eleven years
later.

Neal and Johnson (1996) find large average quality differences between the three race
groups they study (Blacks, Whites and Hispanics). For males, there is one standard devia-
tion between Whites and Blacks and 0.7 standard deviations between Whites and Hispanics.

For females these differences are approximately the same. This quality difference is reflected

in average wages equally large differences between the race groups exist there as well.
However, once quality is controlled for, these wage differences essentially disappear. The
only race/sex group of lower average quality that suffers economic discrimination (wage dif-
ferences even after quality is controlled for) are Black men when compared to White men.
Even here the resulting wage differences are small relative to the overall quality differences
as measured by differences in average wages. Perhaps even more interesting is that in a
number of cases there is evidence that groups of lower average quality actually earn higher

wages when quality is controlled for. In particular, Hispanic women, whose average qual-
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ity is 0.76 standard deviations below White women, actually benefit economically — their
wages are statistically significantly greater than White women of the same quality.

The results of this study present a number of empirical puzzles when viewed from the
perspective of the literature on statistical discrimination. Firstly, since large differences in
quality do exist, one would expect, based on the traditional theory of statistical discrim-
ination, that the statistical inferences employers draw using this fact would result in race
discrimination. Yet taken together, Neal and Johnson (1996) find no compelling evidence
of this kind of statistical discrimination. Secondly, in some cases they find that the group
with the lower average quality benefits economically, something that the authors themselves

readily admit defies a good explanation.

Table 5: Theoretical Value of Regression Coefficients: The first four columns give the
details of the distribution of quality and signal noise of each type in the economy. (N[u, o]
is a Normal distribution with mean p and standard deviation o.) The fifth column gives the
theoretical coefficient (in the true population) of a univariate regression of expected wages
on a dummy variable for type [. The last two columns are these coefficients for a multiple
regression of expected wages on quality and the type | dummy.

Quality Distribution | Signal Noise || Univariate Multivariate

fh fl Ay A Type I Quality | Type [
1 || N[11,2] | NJ9,2.5] 1.95 | 1.95 -1.9923 0.9838 | -0.0247
2 || N[11,2] | N[11,2] 1.95 | 1.00 0.0033 0.9919 | 0.0033
3 | N[11,2] | NJ[9,2.5] 1.00 | 1.95 -1.9889 0.9874 | -0.0140
4 | NJ9.5,2] | N|9, 2] 0.50 | 1.95 -0.4915 0.9887 | 0.0028

To evaluate whether the findings in Neal and Johnson (1996) are consistent with our
model, we calculate what the theoretical regression coefficients are in our model, for the
tests Neal and Johnson (1996) performed. The regression coefficients for Case II in the
previous section can be found in Table 5.1 The first four columns give the details of the
distribution of quality and signal noise. The fifth column gives the result of a univariate
regression of expected wages on a dummy variable for type 1.14 The last two columns are
the coefficients of a multiple regression on quality and the type [ dummy. In all cases,
including quality in the regression reduces the magnitude of the coefficient on the type [
dummy variable to the point that it is very close to zero. Consistent with what Neal and
Johnson (1996) found, the economic discrimination as measured by this variable is so small
it is difficult to detect.

13The regression coefficients do not exist for Case III because first and second moments of a Cauchy
distribution do not exist.

14Recall that by the rational expectations hypothesis, the average wage for a given quality level must also
be the expected wage for a given level of quality.
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The first line is the case when the two types have different quality distributions but the
same signal noise and is consistent with what Neal and Johnson (1996) found in the case
of Black and White males. The univariate regression of average wages on a dummy for
type [ produces a large negative coefficient reflecting the large quality differences. When
quality is included in a multiple regression, the magnitude of this coefficient drops dramat-
ically, although it remains negative, reflecting the fact that type [ agents are, on average,
discriminated against.

The second line of Table 5 indicates what would result if the same regressions were run
in the economy were the types differ in their signal noise, but the quality distributions are
identical. There are two interesting features. First, since quality is identically distributed
between the two types, controlling for quality does not change the regression coefficient.
Secondly, the coefficient is positive, that is, the average wage of type [ agents exceeds type
h agents, even though type [ agents are systematically legally discriminated against.

Because of the relatively large magnitude of the legal discrimination that results from
differences in signal noise, the quality distributions can be changed without affecting the
sign of this coefficient . The third row of Table 5 shows this. Type [ agents have lower
average quality and higher signal noise. We demonstrated in the previous section that
in this case systematic legal discrimination in favor of type [ agents. Yet the regression
shows that on average, type [ agents are economically discriminated against (lower, quality
adjusted, wages).

An interesting feature of the Neal and Johnson (1996) study is that the conditions in
Proposition 3 appear to be satisfied for the comparison of all race groups to Whites for
each sex.!® Thus if quality differences were the only factor, any economic discrimination
that is detected should be systematic and favor the better qualified group. Although this
factor might explain the small economic discrimination against Black men relative to White
men, it is inconsistent with the economic discrimination that favors Hispanic men relative
to White men and both Hispanic women and Black women relative to White women. What
these results imply is that to be consistent with our model, the groups with lower average
quality must also be less familiar. As we show explicitly in the last line of Table 5 it is
possible in our model for the lower average quality/less familiar group to have lower average
wages and yet have higher quality adjusted wages (positive multiple regression coefficient

on the type dummy).

15The condition is satisfied for the quality histograms (Figures 2 and 3 in that paper) and is also satisfied
if the distribution is assumed to be normal with the means and variances reported in Table A1 of that paper.
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6.2 Legal Discrimination

From our perspective the major advantage of the Neal and Johnson (1996) study is that
the data includes a relatively accurate measure of prior skill level. Unfortunately, since the
study is restricted to measuring economic discrimination, it has nothing to say about the
nature of legal discrimination in the economy. To find empirical evidence about this kind
of discrimination we need to turn to a study by Kuhn (1987). Unfortunately, the cost is
that, as Neal and Johnson (1996) argue, the skill level controls they use are noisy and any
many cases have biases towards overstating the amount of discrimination.

Using the 1977 American Quality of Employment Survey and the 1977 Canadian Quality
of Life Survey, Kuhn (1987) estimates the statistical relationship of Whites, by sex, between
a number of human capital variables that have been used to proxy for skill level (education,
job tenure, age, etc) and the wage earned using ordinary least squares regressions. He then
measures the average economic discrimination by calculating the difference between what
an average female earned and what she would have earned had she had the male OLS coeffi-
cients. What makes this study interesting from our perspective is that both these data sets
also include a question asking whether the employee had ever experienced discrimination.
The puzzling finding that we will focus on is the following robust yet only marginally signifi-
cant result — an inverse relation between the amount of measured economic discrimination
and the likelihood of a women reporting that she had been discriminated against. In a
follow up study Barbezat and Hughes (1990) find similar, although in this case, statistically
significant, evidence of this inverse correlation in a completely different sample.

This result, together with Kuhn’s explanation, generated a significant level of contro-
versy (see Barbezat and Hughes (1990), Even (1990) and Kuhn (1990)). All of the discussion
and alternative explanations of the result have one thing in common. As Kuhn (1990, p.
291) puts it: “any ‘explanation’ .... will in some way be based on an omitted variable in
the regression of reports on measures.”

Now a women might report having been discriminated against for a number of reasons.
One such reason is if she believes she has been subject to different hiring and promotion
criteria, that is, if she suffers from legal discrimination. Another reason for reporting dis-
crimination is if she felt that she earned less than equally qualified men doing the same
job. Thus the answer to this question reflects both legal and economic discrimination. Since
in our model it is possible for employees to be legally discriminated against but not eco-
nomically discriminated against (and visa versa) the empirical result that the amount of
measured economic discrimination is inversely related to the probability of reporting having
suffered from discrimination need not necessarily be inconsistent.

Legal discrimination does not lead to economic discrimination when the discrimination

results from differences in familiarity. In this case, legal discrimination against the more
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familiar group results, but this group does not always earn lower quality adjusted wages. A
person from the more familiar group might honestly report suffering from (legal) discrim-
ination, yet have a higher quality adjusted wage. As we have already pointed out, this is
precisely what happens in the second and third rows of Table 5. In both cases we explicitly
demonstrate in the previous section that the legal discrimination is systematic, it is rela-
tively large in magnitude and it favors the less familiar group (type h in the second row
and type [ in the third row). Yet the average quality adjusted wage is lower for this group.
Both of these rows are consistent with what Kuhn (1987) found — the benefit derived from
the relatively large legal discrimination could bias members of the less familiar group to
not report having suffered from discrimination even though their quality adjusted wages
are lower.

The stated objective of Kuhn’s original article was to evaluate the admissibility of eco-
nomic discrimination as evidence of discrimination in a court of law (i.e., legal discrimina-
tion). In Bazemore et al v. William Friday et al. (1986) the U.S. Supreme Court ruled that
regression analysis documenting pay differentials could not be dismissed simply because
the possibility that omitted variables might exist. This paper shows that except in the
case when the discrimination results purely from particular differences in the distribution
of quality, evidence of economic discrimination is not sufficient to conclude legal discrimi-
nation exists. This result suggests that the admissibility of this evidence should not simply
be determined by the likelihood of omitted variables. The issue might have more to do with
the factors responsible for the discrimination as well the characteristics of the distribution

of quality in the population.

7 Conclusion

In most democracies it is generally accepted that discrimination, like slavery, is morally
wrong. Unlike slavery, it was widely perceived until recently that discrimination continued
to exist. Governments of these democracies saw themselves as having an important role in
climinating the practice.

The analysis in this paper is restricted to only statistical discrimination. It does not
examine taste-based discrimination. We would argue that anti-discrimination law was orig-
inally designed to eliminate taste-based discrimination, not necessarily statistical discrim-
ination. In light of this, it is interesting to consider what effect these laws might have on
employers who do not have a taste for discrimination but nevertheless statistically discrim-
inate.

Consider, first, an economy in which legal discrimination results only from employers’
differing abilities to access quality in different population groups. In this case a law outlaw-

ing legal discrimination could actually disadvantage the less familiar type. By not allowing
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employers to use factors such as race in their decisions, they would not be able to com-
pensate for their own inability to measure quality in the unfamiliar group. The net result
would be that the more familiar group members would get better jobs than they otherwise
would have gotten. As more members of this group are hired, overall employer familiarity
with this group is likely to rise at the expense of the other group, resulting in the kind of
feedback mechanism that Cornell and Welch (1996) show can lead to only members of the
familiar group being hired.

The effect of quota type laws can also yield socially undesirable results. Take, for ex-
ample, the economy in Section 5.3 when Ay, = A;. Although there is almost no economic
discrimination in this economy (expected wages differ by no more than 1.5%), the fraction
of applicants that are ultimately hired from each group differs dramatically across jobs (see
Table 3). Employers offering lower skilled jobs hire relatively more workers of type [ than
employers offering higher skilled jobs do. Thus overall average wages differ dramatically
between the two population types. Suppose a government, upon observing this, concluded
that significant economic discrimination existed and passed a quota law requiring all em-
ployers to hire employees of a particular type in the same fraction as they are represented in
the population. In order to comply, the higher skilled employers, who are actually discrim-
inating against the “better” type in this example, would be forced to drop their standards
significantly. This dramatically reduces the average qualifications of their type [ employees,
presumably adversely affecting productivity. One might still argue that this productivity
loss is a necessary cost to eliminate discrimination in the economy, however, it is important
to keep in mind that the amount of both legal and economic discrimination was minimal to
begin with.

There is also the question of how to enforce current anti-discrimination law. It is very
difficult to determine empirically whether an employer does use race or sex in the hiring
decision. One criterion that is sometimes used is the fraction of a population group hired
to the group’s fraction of the overall population. The problems with such a policy are best
illustrated in the high skill sectors of the economies in Sections 5.2 and 5.3 when Ap = A;.
In these sectors type h agents are both economically and legally discriminated against.
However, as there are far fewer type [ agents who meet the quality standards for these
jobs, the fraction of these agents who are employed in these sectors is much lower than
their overall fraction in the population. Paradoxically, it is the under-represented type that
benefits from the discrimination.

Another criterion that has been used as evidence of discrimination is regression analysis
that controls for skill differences. Even if the issues with finding accurate measures of
employee skills are set aside, at best, this kind of analysis can only provide evidence of

economic discrimination. The problem is that the existence economic discrimination does
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not necessarily imply the existence of legal discrimination. This result is arguably the
most significant from a policy perspective because it questions current legal precedents that
implicitly accept economic discrimination as evidence of legal discrimination.

The object of the anti-discrimination laws that were passed in the ecarly sixties was
to eliminate what, at the time, was widely recognize to be taste-based discrimination.
Empirically, there is strong evidence (e.g., Neal and Johnson (1996)) that the legislation
has been successful and so one might well argue that current discrimination is no longer
primarily taste based. If this true, the results in this paper show that it might be worth
studying whether these laws (and the legal precedents built around them) continue to serve

the original objective of eliminating discrimination in the economy.
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Appendix

A Logconcavity

Let G(x) be a distribution function with associated density function g(x). Define h(z) =

1;"8?27) (the hazard rate).

Lemma A.1 If g(x) is a twice differentiable and logconcave density function then for any

d >0, h(x) and (%) are both non-decreasing and ‘Z((;)) 18 NON-INcreasing.

Proof: The proof that h(z) is non-decreasing is well known (see An (1998)). The fact that
g'(z)
g(z)

is non-increasing follows immediately from Lemma 2 in An (1998). Finally note that

d ( 1-G(x) >:< 1—-G(x)

dr \1=G(z+d) 1_(;(x+d)> (h(z +d) — h(z)),

so this ratio is non-decreasing because h(z) is non-decreasing. W

B Lemmas

Lemma B.1 Holding wages fized, for any s;; and (jf+1 that satisfy equation (10),

ds}
(i) dBs(s};, €7€+ia i+ A) <0
dst;

Proof: We will again suppress the type subscript. Taking the derivative of (10) w.r.t. s}

provides,

ds¥

7

. - dgi
w;g(s; — Git1) <1 - q7+1> =0

i _
ds;
Taking the derivative of B(s}, git1,s; + A) using (i) provides,

dB (s}, Giy1, 57 + A)
ds;

= Bi(s],Giy1.5; + A)+
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(@ — B(s},Gir1, 57 + A)] g(=A) f(sj +A) +[B(s}, Giv1, @) — Gir1] 957 — Giv1) f(Gig1)

Qi *
JE g(sp —u) dF (u)

> 0

because, by Lemma 3.1, the first term is non-negative and the second term is strictly posi-

tive (Bj denotes the partial derivative w.r.t. the first argument).l

Lemma B.2 In equilibrium, for each type t € {h,l} and everyi=1...1, @ — Ay > s;.

Proof: Take an equilibrium {w;, {g, s, }t:lﬁ}f:l of the economy and assume the opposite
~ assume that ¢¢ — Ay < s};. Now consider the inference made by an employer, in sector 1,
upon seeing, from an applicant of type ¢, a signal realization s € [g} — A, G 1+ 4], Using

the assumption that 6 is Uniform[—As, As], (1) becomes,

=t 1 i t
Bi(s, ¢i11.G) = P A Y dF*(u). (21)
f,tl dFt(’lL) iy

i
because by the assumption and Lemma 3.3, the inferred quality cannot lie outside the
support of the quality distribution. Note that (21) does not depend on the signal real-
ization, so the employer infers the same quality for any s € [g} — A, ¢ 41 + 4], Since
i € [@ — A, @1 + Ay), the i employer infers the same expected quality for signals s;
and q! +1 1+ A¢. However since q 1+ A¢ > sf; this implies that sj; is not the critical signal

which is a contradiction. B

Lemma B.3 Suppose g' ~ Uniform|—Ay, As]. If wages are held fized, then for any sector i
such that -~ < 2,

Wy
Wit
"
Jsy;

1. -1< A, < 0, and

‘9‘ﬁ+1
2. _1 < TAt < 0-

Proof: 1. The equilibrium sensitivity of the critical signal sf; to the level of noise, A; can

be determined by differentiating (13) providing:

AV <1—X> (22)

where

_ (st A —bi) (s + Ay
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Note that by the definition of the critical signal sj;, at least one agent whose true quality
exceeds b; and who can realize sj; must exist, i.e., sj; + Ay > b;. Furthermore, from (12),
we have that (sf; + W;Ay — b;) < 0. Thus X < 0 and wt_"il < 2 implies that W; > 0, so
ot > —1.

2. Differentiating (12) and then substituting in (22) gives:

8q7+1 8St7

oA, — on, TV
Wi — X
__(1—X)+m

- (1) a-w

The result follows by using the fact that 0 < W; <1l and X < 0. B

C Proofs

PROOF Of LEMMA 3.1: For convenience, the type superscript will be suppressed. Differ-
entiating (1) (holding a and b fixed) provides:

0B(s,a,b) _ [f u g'(s —u) dF (u) — B(s,a,b) [f (s —u) dF(u)

23
o 17 4(s —u) dF(u) (23)

For this expression to be non-negative, the numerator must be non-negative. That is, we

need to show that
b b
/ w g'(s —u) dF () > B(s,a,b) / d'(s — u) dF(u)B(s,a, b). (24)
Note that from the definition of B(s,a,b), (i.c., (1)) we have
b
/ (u— B(s,a,b)) g(s —u) dH(u;s,a,b) = 0. (25)

From the fact that g(x) is logconcave, by Lemma A.1 2 ((Ss 7“)) is non-decreasing for any

u € [a,b). This together with (25) implies

b /
/ (u — B(s,a, b))g(( “)) g(s —u) dH(u;s,a,b) > 0
Ja g(s —u

/
:>/ u u g(s —u) dH(u;s,a,b) > B(s,a, b)/
g(s —u) a g(s—u)

b

39

! — 9
ACRO) 9(s —u) dH (u; s, a,b)



b b
= / uwg'(s—u)dF(u) > B(s,a, b)/ g (s —u) dF(u).
a a

PROOF OF LEMMA 3.2: We assume the opposite and derive a contradiction. Assume
that for some j > i there exist agents a and b of the same type with qualities g5 > ¢ such

that a applies for job j and b applies for job i. This implies that,
w;P(qa, ) > wiPi(qa, )

’U/]Pt((]ba j) S ’szt(an /L)a

S0
Pi(4a:5) _ Pe(a,J)
=~ > <. 26
Prlawi) ~ Pian.?) 20)
Now, substituting (2) into (26) provides,
1- Gt(sz‘j ~ a) 1- Gt(SZ} — ) (27)

> .
1 —=G'(sf; —qa) ~ 1—G's;; — av)

1

it
Since qq > @, (27) implies that the function %, where d > 0, is strictly decreasing
at some point. But by Lemma A.1 this contradicts the assumption that the hazard function

is increasing everywhere.

PROOF OF PROPOSITION 1: Take an equilibrium {w;, {q, Sfi}t:l,h}le of the economy.

Using (9), the critical signal for agents of type I solves

s A
/z (u —b;) g(sf; —u) dF'(u) = 0,
T

h
in each sector i. When % is strictly increasing on (gl q, sj; + A] C [bit1, bi—1], we have that,

0 < / (u—bi) g(sy; —u) “;dF"(u)
a4 f
s +HA
= / (u — b;) g(sf; —u) dF™(u).
i1
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Rearranging terms,

' ;IZFA u g(sf; —u) dF"(u)
S35 g(s — w) dFY ()

i+1

b <

= Bh(Szkj,a q§+17 Szki + A)

Now, by (3), Bn(s};, (jf’;rl, sy, + A) = b;, so by condition (ii) of Lemma B.1, s}, < sj;. This
implies that g, < g.,; by condition (i) of the same lemma.

PROOF OF PROPOSITION 2: Since both groups have identical signal noise, sj; > s7,
implies that for every ¢ < sj; + A, Py(q,i) > P(q,i). Thus, so long as both candidates
choose to apply for the same job, the expected wage of the type h candidate can be no
smaller than the expected wage of the type [ candidate.

By the revealed preference argument, if a candidate of type h and quality g € ((jf’;rl, )5+
A) chooses to apply for job i — 1 then w;—1Py(q,i — 1) > w; Py(q,i). Since w;Pr(q,i) >
w;Py(q,1), we have that w;_1Py(q,7 — 1) > w;Pi(q,7). Similarly, if a candidate of type
[ and quality g € (cjﬁ_l, s}, + A) chooses to apply for job i + 1 then his expected wage is
wi+1P(q,i4+1) < w;;1. However, by revealed preferences w; 1 < w;Pr(q, 1), so w11 P (q,i+
1) < w; Pr(q,17), and so the proposition also holds when the candidates apply for different
jobs.

PROOF OF PROPOSITION 3: Systematic legal discrimination follows immediately from
Proposition 1. Proposition 2 guarantees that for each sector i, type [ agents with quality
between @Z—l and sj; + A suffer economic discrimination. Since all other agents apply for
jobs that they can get for sure, their expected wage is just the wage in the sector that they
choose to apply. Furthermore, agents of the same quality apply for the same job, regardless
of their type. Thus these agents with the same quality earn the same wage which proves

the result.

PROOF OF PROPOSITION 4: Take an equilibrium {w;, {, s; }tzhh}le of the economy.
Note that by (10)

Wi+1 toox _t
= w ( (Stz QH—I)) )

N[ —

which implies that q§+1 > s} for t = I, h by the symmetry of ¢g*(-). Thus, for any ¢ > (jfﬂ,
sf; —q < 0. (28)

The rest of the proof follows the same logic as the proof of Proposition 1. Using (9), in
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equilibrium the i*” employer will set the critical signal for agents of type I such that

s +A
/z (u —b;) g'(sf; —u) dF (u) = 0.
T

gh (571 7q)

By (28) and the fact that type h agents are less familiar, P
153

q € (@41, st; + Ap). We therefore have that,

is strictly increasing for

(s — )

S?i-‘rA[ l gh
0 < / (u—10;) g'(s;; — u) dF (u)
/q

£+1 91(5?}, - u)
s?’i—"_Ah h

l (u—10;) ¢"(s}; —u) dF(u),
T

where the second inequality follows from the fact that A; < Aj and sj; + A; > b;. Now
define a ¢ such that

Wi+1 _(hiox

ot =(1-6"s0 - a).
Note that ¢ > g7£+1 because G” is less familiar than G?,

UL (1= G s - gly) > (1 G5~ )

Wy
and G" is an increasing function. Thus, so long as ¢ < b;, from (29) we have,
0< / (u—10;) g"(sp; —u) dF(u) < / (uw—1b;) g"(sj; — u) dF (u).
gy q
If ¢ > b; the above inequality holds trivially. inferences terms,

/;Z+Ah m gh(s;‘i — ’IL) dF(’ll)
JSutAn gh(s — ) dF (u)

b; < = Bhr(SEki? q, 3711 + Ah)

Now, in equilibrium By (s3,;, 97?4-17 sy;+Ap) = b, so by condition (ii) of Lemma B.1, s}, < s7;.

PROOF OF PROPOSITION 6: Take an equilibrium {w;, {, s}; }t:m}f:l of the economy.
Consider holding wages fixed and introducing a third type of agent to this economy. These
new agents have a quality distribution given by F” and a signal noise distribution given by
G'. Let §; and ¢; + 1, i = 1,...,I be the critical signals and quality bounds that simulta-
neously satisfy (9) and (10) for these agents. By Proposition 1 §; < sj; and by Proposition

4, sy, < 54, s0 s]; > s} ..
PROOF OF PROPOSITION 8: Pick any i > 1 and consider applicants of quality ¢ = ¢'.

42



By Lemma B.3, Ap, > A; = (Z’ > (jf’ Thus an applicant of quality q and type h applies
for job i — 1 and has expected wage w;_1P(q,7 — 1). By the revealed preference argument,
w;—1Py(q,i — 1) > w; Py(q,7). However, Py(q,i) = P)(q,i) = 1, so w; Py(q,7) = w;P)(q,1).
Putting the two relations together provides w; 1 Py(q,7 —1) > w; P(q, i), so for quality level
cjﬁ, employees of type h have higher expected wages than employees of type [.

Now consider, for any 7, applicants of quality ¢, such that ¢ = sj; + A;. Note that by
Lemma B.2 an applicant of type I with quality ¢ must apply for the i*? job and P(q,i) =1
so her expected wage is w;. However, for applicant of quality ¢ but of type h, Py(q,i) < 1.

To see why note that,
Ap = A+ (Ap = Ar) > A+ (s; — Ski),
where the inequality follows from condition (1) in Lemma B.3. Rearranging terms provides,
q=sj; + A < sp; + Ap,

so Pp(q,i) < 1. Thus Py(q,7)w; < wj, so the expected wage of a person of quality ¢ and
type [ exceeds that of a person of quality ¢ and type h.
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