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Culture, Information, and Screening
Discrimination

Bradford Cornell and Ivo Welch

University of California, Los Angeles

We show that discrimination can occur even when it is common
knowledge that underlying group characteristics do not differ and
when employers do not prefer same-group candidates. When em-
ployers can judge job applicants’ unknown qualities better when
candidates belong to the same group and hire the best prospect
from a large pool of applicants, the top applicant is likely to have
the same background as the employer. The model has policy, empir-
ical, and experimental implications. For example, the model predicts
that “screening discrimination” is more likely to occur and persist
in sectors in which underlying quality is important but difficult to
observe, there are numerous applicants, interviewing (screening) is
relatively cheap, and applicants have to acquire job-specific skills.

I. Introduction

This paper develops a simple model that can explain how discrimina-
tion, such as “racism”—defined as the tendency to hire or fraternize
with people whose cultural backgrounds are similar to one’s own—
can develop spontaneously even when all individuals are rational,
have no preference for people of their own type, and believe, cor-
rectly, that there are no average differences between people of vari-
ous types. These assumptions distinguish the model from the work
of Becker (1957), who assumes that individuals have racial prefer-
ences, and Akerlof (1984), who shows how racism, once it exists, can
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SCREENING DISCRIMINATION 543

be self-perpetuating but does not explain how it can arise spontane-
ously.

Our model is based on two premises. The first premise is that
people are faced with the problem of screening other people in virtu-
ally every aspect of life. This sorting problem involves not only ma-
jor decisions such as choosing friends, accepting members in social
organizations, and hiring, but everyday decisions such as deciding
whether the person walking toward you on the sidewalk means well
or ill. Although the model applies to many kinds of human interac-
tion, we concentrate on the labor market because discrimination in
hiring is a particularly critical issue. We assume that by the time peo-
ple enter the job market, they possess certain qualities that cannot
be easily disclosed to employers. Among these qualities are not only
measurable skills but also intangible characteristics that may be criti-
cally important in qualifying a candidate for a position (see, e.g.,
Arrow 1972; McCall 1972). For example, Arrow states that one diffi-
culty employers face is determining which employees possess what
he refers to as unobservable habits of action and thought that favor
good performance in skilled jobs, including steadiness, punctuality,
responsiveness, and initiative.! A related intangible characteristic that
makes a person more productive is the willingness of an employee to
“internalize a job” in the sense that he or she will put forth the effort
to understand and complete tasks that cannot be explicitly delineated.
Because these and related characteristics cannot be observed directly,
employers must rely on indirect assessment procedures that measure
them with error when making hiring decisions. To simplify our pre-
sentation, all these characteristics are subsumed in one unobservable
variable, referred to as “character” or “quality.” _

The second premise is that people can distinguish between high-
and low-character individuals more accurately when the people being
sorted are of a similar cultural type. Cultural type here is interpreted
broadly to include groups defined by language, religious belief, ethnic
background, race, sex, sexual preference, neighborhood upbringing,
schooling, or membership in social organizations. People who grow
up under comparable circumstances will have a common framework
for assessing each other’s personal history.? Moreover, Scheflen
(1971) and Mehrabian (1981) present evidence to show that people
are able to interpret a host of culturally intermediated signals such
as dress, manners and mannerisms, gestures, and style of speaking

! The contribution of our paper is that it extends Arrow’s approach by showing how
culture and information interact when people are being sorted.

2 Personal history encompasses more than an applicant’s employment record. It can
include such information as memberships in social organizations, civic awards, personal
interests, and other general indicators of character.
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as well as spoken words. Furthermore, the ability to interpret these
nonverbal cues has been found to have a significant cultural element
(see, e.g., Ekman and Friesen 1975; Archer and Akert 1977; Brown
1986). For example, Japanese businessmen follow elaborate rules of
personal interaction the observation of which is considered to be an
indicator of character. However, this form of communication is diffi-
cult to interpret unless the interpreter is schooled in Japanese busi-
ness culture. Lang (1986) provides an extensive survey of evidence
about language barriers, where language is interpreted broadly to
mean any form of communication, and their effect on segregation in
the workplace. Similarly, it is likely to be easier to interpret someone
else’s personal references and see through possible deception when
the recommendation comes from someone familiar or at least some-
one with a similar background. Consequently, the ability to assess an
individual’s personal history is enhanced when one is evaluating a
‘person with a familiar cultural background. In sum, the critical as-
sumption on which our analysis turns is that for a given assessment
procedure the measurement error for a given evaluator is smaller
when the people being considered have a similar cultural back-
ground.

As an illustration of the impact of culture as a key to communica-
tion and evaluation, Monroe Price, dean of Yeshiva University’s Ben-
Jjamin N. Cardozo School of Law in New York, cites a 30-year-old
study by Yale University that captures the intuition of our model:
“Lawyers responding 20 years ago, as some would today, argued that
there is a natural tendency to discriminate in favor of hiring new
associates coming from backgrounds similar to their own, ‘not be-
cause they had any desire to do so, but because they tend to feel they
knew such applicants better after a fleeting acquaintance than they
did those from dissimilar backgrounds.” Virtually all firms said then
they made personality a factor second only to school grades” (1984,
p. 13).

Given our two assumptions—that screening is important and that it
is easier for individuals to screen people of similar background—the
model developed here shows that people tend to hire others of their
own type even when they have no innate preference for similar peo-
ple and even when they (correctly) believe that the distribution of
quality among people of their own background is no different from
the distribution of quality among people of other backgrounds. The
intuition of the model can be conveyed by a simple example. Consider
an employer faced with selecting the best applicant from a large
group of applicants. Assume that his ability to judge candidates of
the same background allows him to group such applicants but not
applicants of another background into “better than average” and
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“worse than average” categories, with each of them having roughly
equal probabilities. If there is only one applicant from each back-
ground, the probability that the best applicant has the same
background is 50 percent because the candidate from the same back-
ground is equally likely to be categorized as better or worse, whereas
the candidate from the other background is always seen as average.
However, with four applicants, two from each background, the prob-
ability that the best applicant has the opposite background of the
employer equals the probability that both of the same-background
candidates are judged to be worse than average. Consequently, the
probability that the top candidate has a similar background increases
from 50 to 75 percent. As the number of applicants rises further, the
probability that the top candidate is of the same type rises rapidly
toward one.

The cause for this “screening discrimination” is that the identical
unconditional distribution of high- and low-quality individuals in the
population is not important; employers make judgments based on
their conditional assessments, and the conditional probability distri-
bution has a greater variance the more accurate information an em-
ployer acquires. Therefore, when a single best candidate is chosen
from a set of applicants, it is more likely that the top applicant comes
from the set of applicants with the widest distribution. Models of such
“rank-order tournaments” are developed in Lazear and Rosen (1981)
and Rosen (1981). These authors also discuss the circumstances un-
der which rank-order tournaments are more efficient than current
marginal product compensation.

Our model is similar to that of Aigner and Cain (1977), extending
Phelps (1972), who argue that lower wages can result not only from
lower mean productivity but also from higher variance in inferred
productivity. They find that less accurate testing or higher intrinsic
quality variation can lead to lower wages for high-scoring blacks (rela-
tive to whites) and (relatively) higher wages for low-scoring blacks.
We extend this model by arguing that it is only the high-scoring
individuals that are rewarded in many tournament situations and by
identifying why lower accuracy for blacks is not an “unusual result”
(Aigner and Cain 1977, p. 179). Our model is also closely related to
the model of Lang (1986), in which language barriers make successful
cooperation among individuals from different groups costly. Lang’s
transaction cost argument can explain “natural” segregation among
groups (similar to that in discrimination-taste-based models, e.g., in
Becker [1957]), continued different wages across groups, and extra
compensation for “bilingual” individuals. In contrast, we argue that
segregation is a common result in a “filtering” situation in which
an employer selects one of a large number of candidates, as in a
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tournament.® In addition, segregation is not intrinsically advanta-
geous and does not arise in our model when a larger number of
applicants are hired. Finally, the literature on “matching” (e.g., finite
and disjoint sets of individuals, say men and women) also addresses
the same basic problem. As described by Roth and Sotomayor (1990),
concepts of rational and equilibrium matching can be developed un-
der sufficiently restrictive assumptions regarding the preferences of
the individuals and the information they possess. The typical assump-
tion is common knowledge. While Roth and Sotomayor relax this
common-knowledge assumption somewhat, the spirit of their work
remains quite different from ours. Whereas they make restrictive
informational assumptions to explore robustness, we explore the im-
plications of a specific type of heterogeneous information. In our
model, not only is information incomplete, but individuals can be
strategically deceptive. In fact, the key to our analysis is the assump-
tion that the ability to detect deception is culturally limited. Whereas
our setting limits the nature of the models that can be examined, it
still produces challenging empirical predictions.*

Section IIA proves that the effect of providing employers with
more information is equivalent to increasing the variance of the
inferred qualities. Although this increased variance alone is not
sufficient to guarantee an increased probability of hiring same-
background candidates when there are only a few applicants, with
sufficiently many applicants the probability that an applicant of
the same background is hired approaches one. Moreover, even in
small samples, the increased variance tends to induce screening dis-
crimination.

In Section IIB, the model is generalized to an environment in
which successful applicants in one generation become employers (in-
terviewers) in the following generation. In a simple example, with as
few as 40 candidates for five jobs, we show that it takes more than a
million generations before the probability that an applicant from an-
other background is hired exceeds 50 percent. An alternative gener-
alization of the model is developed in Section IIC. In this scenario,

* In addition, Lang focuses on situations in which bilingual skills can be acquired by
minority members. Yet if an other-group candidate who can mimic the language of a
same-group candidate is also able to mimic high quality, an employer may actually
discount any information obtained in an interview from such a “bilingual” employee.

# More specifically, our model is not a full two-sided matching equilibrium of the
sort analyzed in Roth and Sotomayor (1990). Our simpler partial-equilibrium model
focuses on the issue at hand. Nevertheless, we speculate that our model and results
can be made consistent with (i.e., embedded in) a full two-sided matching equilibrium.
This would require, e.g., adding additional employers to the basic model. Section 11C
is close to the spirif of a full-equilibrium model in that it assumes the presence of a
flexible outside market for low-wage labor.
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applicants need to invest in job-specific skills before being screened
for a job in a high-wage sector, which happens to be dominated by
employers of one group. Under certain parameter restrictions, even
in a long-run equilibrium, discrimination is perfectly persistent; that
is, all applicants of other background work only in low-wage sector
jobs. In Section 11D, we argue that screening costs, like required early
Jjob-specific training, can lead to an equilibrium in which employers
anticipate their higher likelihood of hiring candidates of the same
background and thus optimally choose to spend their screening re-
sources only on candidates of the same background. Section I1E ana-
lyzes some reinforcing effects by which screening discrimination can
eventually be internalized by both employers and employees and
thereby evolves into discrimination in the Becker sense. Furthermore,
this process can lead to cascades in which some employers, relying on
the information that no other employers hire individuals of opposite
background, optimally decide to make the same decision. Finally,
Section III discusses the policy implications of our theory and sug-
gests both experimentally and empirically testable hypotheses.

II. Screening Discrimination

Discrimination can occur in both hiring and wage-setting procedures,
and the two may either substitute for or complement one another.
Although the model developed here could be framed in terms of
wage discrimination, we concentrate on hiring discrimination. We
assume, therefore, that employers have to post a fixed wage for job
positions and do not condition wages on the component of inferred
quality that correlates with group background (perhaps because of
antidiscrimination laws).

A. A Basic Model

To illustrate the workings of the model, we begin with an example
in which employers hire a single employee from a pool of applicants
purely on the basis of an inference of candidates’ abilities. Assume
that the underlying character quality, Q, of each candidate is a one-
dimensional parameter, distributed uniformly from zero to one, that
is, fo() = Iy 1), independent of group. Other employee characteristics
and the incentive and monitoring system used by the employer are
held constant so that employee output depends only on Q. Employers
attempt to maximize the expected product of the prospective em-
ployee.

Consider first the employer’s inference of the quality of a single
applicant. An employer with no information would infer the expected
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quality of every candidate to be '%2. Screening allows an employer
to gain additional information. We model the screening process as
providing n conditionally independent signals s about each prospec-
tive employee, with each signal s € {L, H} (low, high). Signal and
quality are assumed to be correlated in that the probability of observ-
ing the H (high) signal is Q. For example, if the underlying candidate
quality is 1, the employer will receive an H signal with probability
one; if the quality is 0, the employer will receive an H signal with
probability zero; if the quality is Y2, the employer will receive either
an H signal or an L signal with equal probability. Given this setting
with a uniform prior distribution and binomial signals, DeGroot
(1970) shows that the ex ante probability of observing k signals of
type H (or L) is 1/(n + 1) independent of k. The inferred quality
given k signals of type H from n drawings is (¢ + 1)/(n + 2).

With this information structure, if an employer observes one signal,
he or she will infer the expected quality of the candidate, Q, to be
either s or s, each with probability 'e. Therefore, the ex ante vari-
ance of the employer’s inferred (expected) quality of the candidate
is Vo - (b — %)% + Yo (¥ — )2 = ls6. More generally, let Q =
E(Q|k, n) be the quality inferred by the employer given k of n H
signals, where the tilde over the & denotes the fact that the number
of H signals is unknown to the outside observer. Therefore, the vari-
ance of the employer’s inferred qualities of applicants is

n

12(n + 2)°

As the number of signals (n) increases (i.e., if the employer can
screen better), the variance of inferred qualities increases. Signals
have the effect of pulling the posterior beliefs away from the prior
mean toward the true value. When the number of signals approaches
infinity, the employer can infer the quality of the employee perfectly,
and the distribution of inferred qualities approaches the underlying
quality distribution itself (here the uniform distribution). The intu-
ition that this example brings out is that the effect of providing em-
ployers with more information is equivalent to increasing the hetero-
geneity of the candidates’ qualities. This conclusion is not an artifact
of the uniform distribution in that it generalizes to all distributions
with finite means and variance as stated in proposition 1.

ProposiTION 1. Giving an employer more information increases
the variance of the employer’s inferred quality of one candidate, Q.5

vark(é) = (1)

%It is important to emphasize that less variance in the ability of employers to judge
has the effect of more variance in the distribution of the inferred qualities of applicants.
The two must not be confused.
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Proof. Let Q be the employee’s unknown quality and Q be the em-
ployer’s inferred expected quality of the employee. Let X, be a vari-
able that summarizes the information set of employers before screen-
ing (available for both other-group and same-group applicants). Prior
to screening, the employer infers the expected quality by computing
Q|X,. This mean is updated only for same-group applicants by the
information obtained from screening, denoted X,. In the context of
our model, other-group and same-group employees are alike, except
for an additional piece of information that allows an employer to
further update his inferred quality, only for same-group applicants.
In other words, E(Q|X,, X,) # E(Q|X,) on a nonzero measure set.
Since the realizations of the signals, X, and X,, are not known, it is
to be shown that the posterior distribution of inferred qualities, Q, is
wider when X, is available:

var(Ey, x,(Q|X,, X;5)] > var[Ey (Q|X))].
When variances are expanded, this is true if and only if
| E[Ex, x,(Q|X1, X5)*]1 > E[Ex,(Q|X))*].
The latter term can be expanded to
E[Ex,(Q|X))?*] = E{Ex,[Ex, x,(Q| X1, X5)|X,12}.
Jensen’s inequality now proves the proposition because
E{Ex,[Ex, x,(Q| X1, X5)|X,1%} < E{Ey [Ex, x,(Q| X1, X5)?| X, 1},

and the latter term is equal to E{E[Q|X, X,]%}.® Q.E.D.

To see the relevance of proposition 1, assume that the pool of
applicants contains two types of people, “same-group” and “other-
group.” Assume that each candidate can be costlessly interviewed, so
that the employer can screen every applicant and hire the applicant
considered to be the best. Proposition 2 demonstrates that under
these circumstances, with a fixed, positive proportion of same-group
applicants in the applicant pool, employers are more likely to hire
a same-group applicant when there is a large pool of same-group
applicants to draw from. The intuition behind the proposition is
straightforward. The best candidate is likely to emerge from the pool
with the greatest variance of inferred qualities. The inferred variance
is an increasing function of the informativeness of the signals. Be-
cause the signals are more informative for the same-group pool, the
winning candidate is likely to emerge from that pool.

® By induction, the argument holds if X, represents a vector of information (obtained
by screening).
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ProPOSITION 2. Assume that signals obtained by screening are
bounded above (i.e., there is a maximum inferred quality for both
same-group and other-group candidates). In addition, assume that,
in the screening process, employers observe an additional set of sig-
nals for same-group applicants, above and beyond that observed for
other-group candidates, and that this signal is informative for all
applicants. For a large enough pool of applicants, when the ratio of
same-group and other-group applicants is held constant, the proba-
bility that the employer hires a same-group applicant is arbitrarily
close to one.

Proof. Let Q). be the maximum value of the employer’s inferred
quahty (Q|X,) without additional information obtained by screening:
Let Q2,, be the maximum value of the employer’s inferred quahty
(Q|X 1, X,), that is, with additional information obtained by screemng
(The boundedness assumptlon assures that both Qmax and Q2 are
finite numbers.) Because Q... is an unbiased forecast, incoming
screenlng information must not change the expected inferred quality
QL. on average. Consequently, for same-group candidates inferred
to be of quality Qmax, the additional (assumed to be informative) signal
X, must sometimes decrease and sometimes increase the inferred
quality relative to Q... Therefore, the maximum inferred quality
for same- group applicants exceeds that of other-group applicants:
Qmax Q,max

Let p be the unconditional probability mass that a same-group qual-
ity applicant is judged to be of quality higher than Q,max The probabil-
ity that at least one of n same-group candidates receives a high score
unachievable by other-group candidates is 1 — (1 — p)*, which con-
verges to one as n approaches infinity. Q.E.D.

This proposition can be illustrated with our earlier simple binomial
example. Assume that other-group employees receive one signal and
same-group employees receive one additional binomial signal. As-
sume further that there are 99 other-group applicants for each same-
group applicant. With 1,000 applicants, there are 10 same-group ap-
plicants who receive an additional binomial signal. On average, a
two-signal candidate receives HH with probability p = 33 percent.
The probability that the best candidate is same-group is thus on the
order of 1 — 0.67'° = 98 percent. Doubling the number of applicants
doubles the number of same-group applicants likely to receive the
additional signal, pushing the probability that a same-group candi-
date is selected above 99.9 percent. Note that the two essential ingre-
dients are the asymptotically increasing absolute number of same-
group candidates and the (positive) probability that a same-group
candidate is inferred to be of better quality than Ql... The number
of other-group candidates is irrelevant.
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For small applicant pools, the probability P that a same-group ap-
plicant is hired is computed as

P = prob(hire same group)
= prob(EV of best same-group candidate
> EV of best other-group candidate)

= f prob(EV of best same-group candidate = ¢
and EV of best other-group candidate < ¢)dc
= f prob(EV of best same-group candidate = c)

- prob(EV of best other-group candidate < ¢)dc,

where EV denotes expected value. For example, reconsider the exam-
ple above (uniform priors, binary signals) with two same-group and
two other-group applicants. Furthermore, assume that employers’
contact provides them with one signal on both same-group and other-
group applicants, and their screening ability provides them with a
second signal only on same-group applicants. The employer may thus
infer the quality of each other-group applicant to be either s or %,
and, for two applicants, the probability that at least one of the two
applicants is inferred to be of quality %5 is 75 percent. For same-group
applicants, the employer may infer the quality to be either Y, !, or
%, each with probability '5. The top same-group applicant is inferred
to be of quality "s with probability ('5)? = Y, quality "2 with probabil-
ity ¥s, and quality % with probability %. Consequently, the probability
that the employer chooses a same-group applicant is Y% - 0% + 15 -
25% + % - 100% = 36 ~ 64 percent.

In more general cases, however, the computation of this probability
involves solving a difficult, highly nonlinear, equation, especially if
signals are discrete. The Appendix describes the necessary computa-
tions for two examples. First, it computes the probability under the
simple distributional assumptions made above to illustrate the in-
ferred quality variance increase (uniform prior, binary signals). Sec-
ond, it computes an example in which the distributional assumptions
are more general. The underlying distribution of qualities is assumed
to be distributed unit normal, and the employer observes a (summa-
rized) normally distributed signal with the mean of the (true) quality
of each applicant.” The information of employers (the signal) has

7 Under the central limit theorem, the normality assumption can be justified when
both the qualities and the signals obtained are the sum of many independent observa-
tions.
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variance o2 for same-group candidates and o? for other-group candi-
dates. The employer can screen same-group candidates better than
other-group candidates, so 02 < o2. The Appendix further proves
that the probability of hiring a same-group applicant strictly exceeds
/2 when there is more than one candidate each and that this probabil-
ity decreases in o? and increases in 2. Figure 1 plots the probability
that a same-group candidate is hired, with an equal number of candi-
dates of each type and a fixed ability to screen other-group applicants
(02 = 1). As expected, the figure shows that the probability of hiring
a same-group applicant increases (1) when the number of applicants
increases and (2) when the precision of the signal of the employer on
same-group candidates increases, that is, when the employer has bet-
ter screening abilities.

B. Many Employers and Generational Persistence

The previous subsection showed that if hiring is based on ex ante
quality assessment, a discriminatory equilibrium results in which em-
ployers predominantly hire applicants of their own type. This subsec-
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Fic. 1.—The probability that the top candidate has the same background is plotted
as a function of the standard deviation of the employer’s signal about (ability to screen)
same-background candidates (more standard deviation implies poorer ability to screen)
and the number of applicants (in steps of one). In this graph, there is an equal number
of same-group and other-group applicants, the underlying population of qualities for
both same-group and other-group applicants is distributed unit normal, and the ability
of employers to screen other-group applicants is held constant at a standard deviation
of 1.0. The figure shows that employers are more likely to hire same-group applicants
(1) when they have more screening ability (lower signal standard deviation) for same-
group applicants and (2) when the number of applicants increases.
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tion investigates the stability of discrimination in an economy in which
successful applicants become employers in the following generation.
The key question is whether an equilibrium in which employers are
predominantly of one type (the “status quo”) can persist under rea-
sonable assumptions. To examine this issue, we assume that employ-
ers belong to one group and compute the number of generations
until the first other-group candidate is hired. For example, one could
argue that slavery and other historical handicaps produced a system
in which employers were exclusively nonblacks. The question we ask
is how long it would take for the first black person to “break into the
business” once racial biases in the Becker (1957) sense are eliminated.

To make the analysis tractable, we consider a framework in which
employers have no information about other-group candidates except
the unconditional distribution characteristics. For same-group candi-
dates, who are drawn from an identical unconditional distribution,
employers’ screening ability provides them with information to make
a fair judgment about whether a candidate is better than average or
worse than average. With probability p, a same-group candidate is
inferred by the employer to be better than the unconditional average,
with probability 1 — p worse than average. For example, if the signals
are symmetric (equal mass above and below the previous expected
value) and continuous (to exclude cases in which the updated mean
is identical to the prior mean), p would be '2. Applicants inferred to
exceed the unconditional mean are referred to as type H, and appli-
cants inferred to be below the unconditional mean are called type L.

The market consists of m employers, each of whom plans to hire
one person. Every employer observes the same signal for each of n
applicants (to avoid the complications of a winner’s curse). Half of
the applicants are of the “same type” as the employers. Each employer
hires the best applicant for the job. If there are at least m applicants
inferred to be of high quality, they are hired before an other-group
applicant is hired. In other words, the probability that all m employers
hire type H applicants is the probability that the top m among =
applicants are of type H. This probability, B, is one minus the cumula-

tive binomial:
m—1
n\ . )
B=1- 1 — p)" o
E <i>‘b( p)

=0

For example, for five employers and 20 candidates and an equal
probability that same-group candidates are type H or type L, the
probability that the top five applicants are five of the same group is
about 99.4 percent. For five employers and 40 candidates, B exceeds
99.999 percent.
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Under the assumption that it is necessary to have experience in the
industry to become an employer,? the probability that no other-group
candidate is hired for ¢ generations is B'. Therefore, the expected
number of generations before the first other-group candidate is hired
with probability £ is

log(§)

Y

i=0

. @)

For the five-employer/20-candidate scenario, it takes about 33 gen-
erations before the probability that a single other-group candidate is
hired exceeds 50 percent. For the five-employer/40-candidate sce-
nario, it takes about one million generations! This suggests that
screening discrimination can be very persistent.

The preceding example illustrates that the model predicts that dis-
crimination is more persistent when the applicant/employer ratio is
high. Because high applicant/employer ratios are likely to occur in
stable or declining industries and industries with relatively high wages
in which competition for positions is severe, the model suggests that
discrimination is more persistent in older industries such as banking
and manufacturing than in rapidly growing industries such as com-
puter software and biotech.

It is noteworthy that although discrimination can be long-lived, it
does not persist forever. The average quality of rejected other-group
applicants is higher than that of rejected same-group applicants. Be-
cause the top same-group applicants are siphoned off, the uncondi-
tional mean in the remaining pool falls.® If the industry allowed entry
by other-group employers, even though they had not gone through
the hiring procedure a generation earlier, the greater expected value
in the pool of other-group applicants would assure them of excess
rents in the form of higher-quality employees. This is the long-run
force that pushes the eventual equilibrium in the direction of nondis-
crimination. !

8 This assumption differs from two-sided matching models, as discussed in Roth and
Sotomayor (1990). Clearly, our model in this subsection is not a matching equilibrium;
instead it describes the length of the adjustment process to reach the matching equi-
librium.

% If the signal were continuous, same-group employers who are selecting applicants
after the first few have committed to other employers would pick applicants from a
posterior distribution that has a lower mean than those employers picking earlier.

1 Note also that a same-group employer might hire an other-group applicant if she
could contractually extract future rents. These rents result from the screening ability
of an other-group employer to draw from the better pool in the future. We assume
that this is not possible.
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Furthermore, if there is a scarcity of applicants, discrimination
breaks down quickly. For example, if there are two applicants per
job, employers first select same-group, high-quality candidates, but
they select other-group candidates before they select same-group,
low-quality candidates. Similarly, applicants from the other group
may break into a business in other ways, such as by lowering their
reservation wage. Consequently, the model implies that discrimina-
tion is likely to be more persistent when there is little wage flexibility,
for example, because of antidiscrimination laws that prohibit group-
based wages.!!

C. A Two-Sector Model

To this point, career choice has been held constant. However, if
screening discrimination makes it difficult for some groups to break
into professions, career decision making among other-group appli-
cants will be affected. This, in turn, can alter the incentive within a
minority population to develop the requisite skills necessary for suc-
cess in those professions.

To model this possibility, consider a simple economy in which there
are two industries. The high-wage sector is represented by a single
firm, and the low-wage sector can expand or contract to absorb resid-
ual employees. As before, assume that no additional information
other than the unconditional mean of other-group candidates is
known for other-group candidates. Applicants do not know their own
quality prior to training. Without loss of generality, same-group can-
didates are judged to be either “above mean” (type H, with probability
p) or “below mean” (type L). Let there be s applicants from the same
group as the single high-wage employer and o other-group appli-
cants. Consider the decision of the high-wage employer, who hires
the applicant inferred to be best. If even one of the same-group
applicants is judged to be above average, the employer hires a same-
group applicant. This probability that any same-group person is hired
is 1 — (I — p)*. Because all same-group applicants have an equal
chance to be hired, the probability that a specific same-group individ-
ual is hired is [1 — (1 — p)°]/s. An other-group applicant is hired into
the position only if no same-group applicant is inferred to be above
the unconditional mean. This probability is (1 — p)*. The probability
that a specific other-group individual is hired is (1 — p)*/o. Now as-

I There are of course good reasons for these antidiscriminatjon laws, especially if
they also ban hiring discrimination. If effective, such laws can restrain employers with
market power and a “taste” for discrimination (Becker 1957).
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sume that employees need to invest in training in order to qualify for
a high-wage job. A same-group individual will become an applicant if

1_ — $
—(1—p)W>C, 3)

where W is the total present value of the increased wage in the high-
wage sector and C is the up-front cost of acquiring necessary skills.
In contrast, an other-group individual will become an applicant if

a-pr

0

w>C. (4)

From (3) and (4), no other-group applicants will ever apply for a

position in the high-wage sector when

1 — S — —_ s

A-pr_c_l-(-pr

0 w s

Knowing that in equilibrium other-group applicants will not partici-
pate; however, increases the probability that same-group applicants
are hired from [1 — (1 — p)°]/s to 1/s. Thus a perfectly discriminatory
equilibrium exists if

l — k)
( M<Q<y
0 W s

Figure 2 illustrates the relevant parameter regions. In the two
lighter gray areas, same-group applicants acquire the necessary train-
ing whereas other-group applicants do not. The example shows that
screening discrimination can alter the incentives of minority appli-
cants to acquire the necessary skills to qualify for high-wage jobs.
Under such circumstances, discrimination can persist indefinitely
when the high-wage sector is dominated by a particular group. Be-
cause minority applicants have lower incentives to acquire training,
the tendency for discrimination to break down eventually is elimi-
nated.

D. Ex Ante Screening versus Ex Post Evaluation

Thus far, the analysis has been based on the assumption that employ-
ers costlessly observe an exogenous number of signals. In this subsec-
tion, the model is generalized by assuming that screening is available
via a costly interview. In this context, the basic condition that employ-
ers can more easily evaluate same-group applicants is interpreted to
mean that employers have to expend added resources to obtain the
same amount of information about an other-group applicant. If ap-
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o® Only same-group applicants acquire training and
s only if other-group appiicants do not
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F1G. 2.—In the light gray areas, an equilibrium exists in which only same-group
applicants acquire training in order to subsequently apply to the high-wage sector,
whereas other-group applicants do not. The number of other-group applicants is held

constant at o = 3. The probability that an applicant of the same group is perceived
(“screened”) to exceed the unconditional mean of the quality distribution is p ="

plicants arrive for interviews without cost to the employer, the em-
ployer must decide which type of applicant to interview. If the num-
ber of applicants of each type is large, the employer will always choose
to interview a same-group applicant, because for a given expenditure
the employer can receive more accurate information about such ap-
plicants. Therefore, even a small difference in interviewing costs can
magnify the apparent discrimination, because firms first interview
only same-group applicants and resort to other-group applicants only
when the former pool is exhausted.

When there are lower costs to screening same-group applicants,
an equilibrium can arise in which only same-group candidates are
interviewed and therefore hired. In some situations, however, the
costs of screening, relative to the expected benefits, may be so high
that employers choose to forgo screening altogether and instead rely
on on-the-job evaluation. When the cost of on-the-job performance
measurement—which equals the lost output sustained if a low-quality
employee is hired plus the added expense of terminating and replac-
ing that employee—is the same for all employees, relying on on-the-
Jjob evaluation eliminates discrimination. Consequently, the model
predicts that screening discrimination is more prevalent in those in-
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dustries in which ex ante interviews play a more important role than
ex post on-the-job evaluation.

One implication of the preceding discussion is that discrimination
declines if it becomes easier for employers to test employees by on-
the-job trials. This suggests that legislation that makes firing employ-
ees more expensive, especially when the employee is a member of
another group, has the unwanted effect of increasing reliance on
ex ante interviews and increasing discrimination. Trial periods are
also less effective when the potential for damage by a low-quality em-
ployee is high. Therefore, the model implies that discrimination will
be more prevalent in industries in which employee error can lead to
disastrous consequences, such as in capital-intensive industries and
industries such as the medical and legal professions, where potential
liability is large.

Another implication is that discrimination is likely to be exacer-
bated when it is difficult to monitor performance. For example, trial
periods are unlikely to be effective when poor performance is difficult
to discover before damage accumulates. Consequently, discrimination
is likely to be greater at top levels of management than in basic jobs
such as janitorial work, crop harvesting, trash collection, or basic con-
struction tasks such as moving equipment and supplies.

E. Remnforcing Effects

Thus far, employment screening discrimination has been analyzed in
isolation. In realistic situations there are likely to be complex interac-
tions. For example, customers, like employers, may be better at
screening same-group service providers. Consequently, customers
who can choose from a large number of firms are more likely to
purchase from same-group service providers. For this reason, em-
ployers tend to hire applicants that have the same background as
their customers. Therefore, a caste system in the sense of Akerlof
(1984) can develop, in which it is not differential screening but third-
party demand that reinforces the equilibrium.

An intriguing extension of the model involves general equilibrium
considerations, or what Coleman (1990) has called micro to macro
transition and the feedback from macro to micro. If the screening
mechanisms analyzed here lead to segregation in the workplace, per-
ceptions may be affected so that employers no longer believe that the
unconditional distribution of character is the same in both popula-
tions. Specifically, cognitive dissonance theory as developed by Fes-
tinger (1957) implies that if a firm is segregated, employers and em-
ployees are more likely to develop theories that explain segregation
as a result of the inferiority of people of the opposite type. This
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perception can be enhanced by the fact that employers who act out
of equilibrium by hiring an opposite type forfeit their screening ad-
vantage and, therefore, find that such employees are less productive
on average.

Screening discrimination can be further amplified when employers
infer the quality of applicants from the behavior of other employers.
Bikhchandani, Hirshleifer, and Welch (1992) show that when deci-
sions are discrete, as in hiring individuals from certain groups, “cas-
cades” can quickly develop in which later employers rationally ignore
their own information and act like employers before them. Thus one
employer may conclude that if no other employer hired an other-
group candidate, it is unwise to hire an other-group applicant, even
when his own information suggests the opposite. As a result, a “power
elite” may develop in which a homogeneous group of people occupy
key positions in both business and social organizations. Unlike the
power elites described by Mills (1956) and Domhoff (1967), however,
this elite is held together not by class or racial conflict, but by con-
straints imposed by incomplete information.

III. Implications of the Model

Although the model offers a rich set of implications, in this section,
we focus only on issues related to current American society. In this
context, the other-group applicants are interpreted as “minorities.”
It is important to stress that in our model, a “minority” is defined as
a group of people with a cultural background different from that of
the dominant group. The minority characteristic per se is important
in our model only insofar as it correlates with a socioeconomic or
cultural background that makes mutual screening easier. Conse-
quently, minorities may be defined by race, gender, religion, or even
sexual preference or physical appearance.

A. Policy Implications

The most important policy implication of the model is that discrimi-
nation can develop not only from preferences to hire nonminority
applicants or a belief that minority applicants are inferior, but also
as a rational response to incomplete information. Our model suggests
that overcoming discrimination is not only a matter of imposing costs
on objectionable tastes or inappropriate beliefs, but also a matter
of changing economically efficient behavior. Alternative policies for
reducing screening discrimination can be broadly grouped into two
categories: (1) reducing the information gap between the costs (or
effectiveness) of screening minority versus nonminority candidates



560 JOURNAL OF POLITICAL ECONOMY

and (2) reducing the benefit (net of cost) of ex ante screening, relative
to the benefit (net of cost) of on-the-job performance measurement.'2

With respect to the first point, reducing informational differences,
to the extent that a profession can develop a common culture, screen-
ing discrimination can be ameliorated. For instance, academic econo-
mists have developed a unique culture that includes both a jargon
and a set of conceptual tools that are largely orthogonal to ethnic
groupings. Because ex ante assessments in academia have become
based on this common culture to a large part, screening discrimina-
tion against minorities is reduced. This may explain, in part, the
ethnic diversity of academic economics departments.

In contrast, the model casts doubt on the hope that discrimination
can be reduced by teaching people to accept and to respect differ-
ences in culture, ethnic background, sex, and sexual orientation. Qur
analysis begins with the assumption that everyone accepts such differ-
ences without bias and yet screening discrimination persists. One er-
ror that is made by those who think that “accepting differences” can
eliminate discrimination is treating each group of people as though
it were homogeneous. By doing so, they overlook the sorting problem
and its implications for understanding discrimination. Ironically, dis-
crimination in our model arises precisely because members of the
dominant group are unable to discriminate between members of the
minority population. From this perspective, programs such as bilin-
gual education may actually hinder assimilation into the currently
prevalent business environment. Not only is language related to skill
on the job, but use of language is also interpreted as an indicator of
skill. As Mehrabian (1981) notes, people are judged not only by the
content of their words but by their style of speech and inflection of
their voice. All these means of communicating differ from language
to language. Consequently, when people are not fluent in the native
language, employers find it more difficult to assess their character
ex ante, and a discriminatory equilibrium is more likely to result.

An alternative to forcing applicants to assimilate into the main-
stream is to force mainstream employers to learn how to screen mi-
nority applicants more effectively. Thus one benefit of affirmative
action programs is that the introduction of minority candidates to
high-wage sectors helps corporations develop expertise in screening
future minority candidates. Such a practice not only increases the
“fairness” of the system but actually enhances its economic efficiency
by improving utilization of the intrinsically identical skills of minority
applicants. This conclusion, however, depends on the framework of

12 Another method to reduce discrimination is to subsidize education to increase the
mean in the minority pool or to exclude nonminority candidates from certain positions.
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the analysis. The two-sector model developed in Section I1C suggests
that when affirmative action programs are applied indiscriminately,
they may succeed in opening more positions to minority applicants
in the non-high-wage sectors, which in turn can increase the incen-
tives of minorities not to compete for high-wage sector jobs.

With respect to the second point, reducing the incentives to screen,
minority job seekers benefit when the costs of ex ante screening are
high relative to on-the-job performance measurement. This implies
that lowering the costs of terminating an employee increases the in-
centive of employers to rely on direct on-the-job performance mea-
surement and thereby lowers the likelihood that screening discrimi-
nation will persist. Unfortunately, current policy seems to be moving
in the opposite direction with respect to termination costs. With in-
creasing frequency, employers are being called on to prove that deci-
sions to terminate minority employees are based on merit, not racial
considerations. Because such proof is difficult to develop and because
litigation is expensive, the willingness to rely on experimentation and
direct observation is reduced and discriminatory equilibria become
more likely. To ameliorate this problem, the government conceivably
could directly promote information acquisition about minority appli-
cants or provide subsidies or guarantees to employers that are hiring
their first minority applicants. Finally, minority applicants might be
able to overcome screening discrimination by lowering their reserva-
tion wage. For this reason, “fair-wage laws,” designed to equate wages
across ethnic groups, should be evaluated carefully.

In closing, we should note that policies designed to reduce screen-
ing discrimination may open a back door to individuals who harbor
racist, ethnic, nationalist, sexist, or other preferences. For example,
when racist employers have market power, permitting lower minority
wages may allow such employers in effect to satisfy their tastes for
discrimination. Similarly, the theory presented here carries the dan-
ger that it could mistakenly be used to justify discrimination based
on informational asymmetry even when the motive is ethnic.”® The
critical empirical question, therefore, is whether discrimination is
based on information or preferences.

B. Empirical Predictions and Possible Tests

To review, the screening discrimination model makes several new
predictions about the nature of discrimination. First, the primary
result of our model is that discrimination arises when individuals

13 Most likely, in any given case, discrimination is a combination of preferences,
beliefs, and screening.
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screen, ex ante, on the basis of background. This implies that the
hiring decision is influenced not only by the similarity of the appli-
cant’s and the interviewer’s race, sex, or other minority status but also
by the similarity of their general background. By general background
we mean such items as schooling, community participation, and club
membership or even parental status, religious beliefs, or style of
dress. Also, we would expect to see not only majority interviewers
discriminate against minority applicants but also minority interview-
ers discriminate against majority applicants. Second, the model pre-
dicts that screening discrimination is more severe when there is a
large number of applicants compared to job openings, such as in old,
stable, or declining sectors. On the other hand, the model predicts
that screening discrimination works against same-background candi-
dates when there are few applicants for many jobs to fill. This occurs
because the model implies a rank ordering of applicants, starting
with high-inferred-quality nonminority candidates, followed by all
minority candidates, and last by low-inferred-quality nonminority
candidates.'* Third, screening discrimination should occur primarily
in sectors in which inferred quality is important and in which it is
more efficient to screen ex ante than to measure on-the-job perfor-
mance ex post.

A recent study by the Federal Reserve illustrates a possible test of
the model. The study was prompted by 1990 data released under the
Home Mortgage Disclosure Act showing substantially higher denial
rates for black and Hispanic loan applicants. The data were analyzed
extensively by Boston Fed economists Munnell et al. (1992). Their
paper presented what they'viewed as clear evidence of discrimination.
Using logit regression models to hold constant factors including bor-
rower credit history, borrower wealth, age and marital status, prop-
erty type, existence of mortgage insurance, and loan-to-value ratios,
Munnell et al. report that race is a significant determinant of the
probability that a loan application will be accepted.

Our model suggests that the Munnell et al. study, despite its com-
prehensive nature, omitted a key variable. As Paré (1993) reports, if
there is an art to banking, it lies in making a character loan. He quotes
one banker as saying that after examining all the financial data, “You
simply have to look into someone’s eyes and perceive that he is indeed
earnest and capable and passionate about his particular project, and
agree to gamble on him” (p. 74). This quote captures the essence of
our analysis. In order to see something meaningful when one looks

14 Self-selection complicates an empirical test. If low-inferred-quality nonminority
candidates, aware of their characteristics, decide not to spend resources applying, the
predicted rank ordering of applicants would break down.
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into someone’s eyes, there must be a common cultural base. There-
fore, the Boston Fed analysis omitted one key variable: the back-
ground of the lending officer. Our model predicts that minority lend-
ing officers with extensive experience in minority neighborhoods are
likely to approve more minority loan applications. In addition, the
model predicts that the relative acceptance rate of minority applica-
tions falls when loan rationing increases. Finally, the model implies
that legislation that makes it difficult for banks to quickly foreclose on
problem loans would reduce the relative acceptance rate of minority
applicants at nonminority banks.'?

C. Experimental Implications

The key assumption on which the screening discrimination model is
based is that people are better at evaluating same-group individuals
and that this enhanced ability leads to statistical discrimination when
selecting from a large sample. This suggests a series of questions
that could be examined experimentally: (1) Are experimental subjects
better at judging people of similar background? (2) Do experimental
subjects believe that they are better at judging people of similar back-
ground? (3) How do experimental subjects update the inferred vari-
ance and accuracy of their assessments? (4) Do experimental subjects
discriminate in favor of people of similar background on the basis of
their updated conditional probabilities? (5) Do experimental subjects
discriminate more when screening from a large number of same-
group and other-group applicants for a limited number of positions?

The work that comes closest to testing the assumptions of the model
includes studies of the employment interview. Reviews of this litera-
ture by Arvey and Campion (1982) and Harris (1989) summarize
studies of the impact of demographics (race, gender, age, and the
like) on the interview process. The central question examined in those
studies, however, is whether interviewers tend to be biased in favor
of or against specific groups. The question of whether interviewers
are able to make more accurate assessments of an applicant’s skill
when the applicant has a similar cultural and racial background has
not yet been addressed.

IV. Summary and Conclusion

This paper has developed a model in which two well-known ideas
interact. The first idea, drawn from the economics literature, is that
15 It would be interesting to examine whether small, well-collateralized or insured

loans (likely to be repaid) are subject to less discrimination. Our model would be
. inapplicable if discrimination was found to be no less severe under these circumstances.
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people face the problem of sorting other people in virtually every
walk of life. Whether one is hiring a new employee or choosing a
new club member, the task is to distinguish those who are likely to
be successful from those who are not. The second idea, drawn from
the literature in social psychology and sociology, is that culture plays
a central role in interpersonal communication and evaluation. This
occurs because people communicate not only through words but
through a vast array of cultural cues. In addition, interpretation of
an individual’s personal history requires understanding the cultural
context in which that individual lives.

Putting the two ideas together leads to the conclusion that individu-
als favor associating with people of their own type, even when they
have no preference for similar people, because they can more accu-
rately distinguish good and bad individuals in a population of similar
people. If there is no offsetting benefit to compensate for the fact
that it is more difficult to sort people whose culture is unfamiliar, a
discriminatory equilibrium can arise. This discrimination, however,
is not based on ethnic preference, on a belief regarding the superiority
of certain cultures, or on a failure to accept cultures other than one’s
own. It results simply from the fact that unfamiliarity makes it more
difficult to make accurate assessments and that rationed allocations
such as good jobs, friendships, and marriages go toward candidates
inferred to be of the highest quality, which in a large pool of potential
candidates tend to be people of similar background.

Appendix

Computations to Derive the Probability P of Hiring a
Same-Group Applicant

A. The Discrete Example with Uniform Prior and Binomial Signals

This section illustrates the complexities involved in computing P, the proba-
bility of hiring a same-group applicant. We consider the distributional as-
sumptions in the simple example used in the text to illustrate the variance
increase: the employer has a uniform prior on the distribution of quality and
receives binary conditionally independently and identically distributed signals
(signal H with probability Q). Assume that there are s same-group applicants
and o other-group applicants. For same-group applicants, the employer re-
ceives n, signals; for other-group applicants, the employer receives n, signals,
with n, < n,. In other words, the employer receives additional signals by his
improved screening ability for same-group applicants.

We can write the probability that the employer’s inferred quality of this
employee is Q as

k+1_
n+2

prob[E(Q|l%,n) =Ql = prob[ Qo] = prob[k = Qy(n + 2) — 1] (Al)
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for Qg in 1/(n + 2), 2/(n + 2),...,(n + 1)/(n + 2). The probability that
the expected value of the best among s same-group candidates is Q, is the
probability corresponding to a particular index i of H signals:

Problkpa = Qo(n +2) = 1] = (;1 11) - (n - 1). (A2)
For example, for n = 5 signals, the probability that the expected value is '
is equivalent to the probability that the employer receives zero H signals,
which is ; the probability that the expected value is % is ', and so forth.
If there are s = 2 same-group applicants, the probability that the top same-
group applicant has an expected value of 7 is prob[ky,, = 7 - (5 + 2) —
11 = (%)% — (%)? = ()2
The inferred qualities of one same-group candidate and one other-group
candidate are equal if ¢ + 1)/(n, + 2) = (j + 1)/(n, + 2), where i is the
number of H signals for other-group applicants and j is the number of H
signals for same-group applicants. The probability that the inferred quality
of the best other-group applicant is below the quality of the best same-group
applicant if the same-group applicant received a score of i H signals is

max

prob{EV,|n, signals < [EV,|i H signals in n, signals]}

{Im[ﬁ_ﬂ(ﬁof_?)_ 1]}
n,+ 2

n,+ 1

(A3)

To compute the probability of hiring a same-group applicant, one needs
to compute the inference over all possible inferred qualities or, equivalently,
over all possible signal realizations. Together, the expression for the probabil-
ity of hiring a same-group applicant is'®

@+ Dn, +2) 0
ng . s . s {Int[w—— 1]}
1+ 1 1 5
Pz;[(ns+l>_(ns+l>] n, + 1
- (A4)

G+ Dn, +2) ]"}
—_— 1 .
ng + 2

=(n, + 1)~(n, + 1)—0{2 [+ 1) - iS]Int[
i=0

It can be shown that the probability of hiring an applicant of the same
group increases with the number of same-group applicants (s) and decreases
with the number of other-group applicants (o). However, we cannot algebrai-
cally show that this expression increases with n, and decreases with =, al-
though both intuition and simulations show this to be the case.

16 This expression assumes that an employer hires a same-group applicant if the
inferred quality of the best same-group candidate equals that of the best other-group
candidate. If, on indifference, an other-group candidate is hired, the i in the
“Int” expressions needs to be changed to ¢ + 1.
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B. A Continuous Example with Normal Priors and Normal Signals

Figure 1 in the text graphs the prdbability of hiring a same-group applicant
for continuous signal distributions.!” In figure 1, we assume that the distribu-
tion of qualities in the underlying population, Q, is distributed Gaussian
normal with mean zero and unit variance, and employers observe a Gaussian
normal signal, %, with mean Q. For same-group candidates, the signal has
variance o2 and for other-group candidates variance 62, 02 < ¢2. Let 5 again
be the number of same-group applicants and o be the number of other-group
applicants. DeGroot (1970, p. 169) shows that an employer’s updating rule
creates a posterior distribution of inferred qualities for one candidate that is
normal with a mean
/2
6= (A5)
l1+o
Rearranging and taking expectations with respect to %, we see that proposi-
tion 1 holds. The employer’s inferred quality, Q, about one employee is
distributed

A 1
Q N<0,02 - 1), (A6)
which states that the variance of inferred qualities decreases with the variance
of the information obtained through screening. One could now compute the
actual probability by substituting (A6) into the equation in note 17. Unfortu-
nately, this expression cannot be easily differentiated and signed because it
depends on rather complicated weighting factors in the integral. Instead we
have to rely on an indirect proof.

ProrosiTION 3. Assume that the distribution of inferred qualities of same-
group candidates is N(0, ) and that of other-group candidates is N(0,
0?), 02 > o}. Then the probability that the top candidate among n same-
group and n other-group candidates (n = 2) is drawn from the same-group
population exceeds 'z and strictly increases in the ratio o2/c?.

To prove this proposition, we need to rely on the single-crossing property
of the two normal distributions. Let S be the (wider) cumulative N(0, o2)
distribution and O be the N(0, o) distribution. The term o? is the variance
of inferred qualities (not of the signal) and thus is equivalent to 1/(1 +
a?). Equivalently, o7 = 1/(1 + o2). Not only do S(x) and O(x) have equal
means (of zero), but the normal distribution function also assures that, for
x >0, O(x) > S(x) and, for x < 0, O(x) < S(x) (single crossing at zero). In the
context of the model, S(x) is the distribution of inferred qualities for same-

1 For a continuous distribution, the probability can be rewritten as

p=| {[;,"; [1 ﬂ(c)] F,,(cv} de = [ BF© fOF (€)1 de,

where F() is the (ex ante) cumulative distribution of inferred qualities for a single
applicant of group s, as discussed earlier.
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group employees and O(x) is the distribution of inferred qualities for other-
group employees.

Consider the function h(x) = §™!(O(x)). It is straightforward to verify that,
for x > 0, h(x) = x, and vice versa for x < 0. Specifically, for our normal
distributions, h(x) = (o,/a,)x. Let 0; and p; be independent draws from distri-
bution O, and let s; = h(p;). Then the s; are a sample from distribution §
and are independent from o;. Let O be the largest o;, P be the largest of the
p;, and S be the largest s;. It follows that § = h(P). We are interested in the
probability that § > O. First note that the event space can be enumerated
into the following set of cases:

(0<0<S<P) (0<O<P<S) (0<P<0<S) (0<P<S<0) (0<S<O<P) (0<S<P<O0)
(0<0<S<P) (0<0<P<S) (O<S<0<P) (O<S<P<0) (O<P<0<S) (O<P<S<0)
(S<0<O0<P) (§<0<P<0) (S<O<0<P) (§S<O<P<0) (S<P<0<0) (S<P<0<0)
(P<0<0<S$) (P<0<§<0) (P<0<0<S) (P<0<S§<0) (P<S<0<0) (P<S5<0<0)

Now note that because S = h(P), if 0 < P, then P < S. Therefore, the
following events never happen: (0 <0 <S<P), 0<S<O<P),(0<S
<P<0),(0<0<3<P),0<S<0<P),S<0<0<P),S<0<
P < 0), and (S < 0 < 0 < P). Analogously, if P < 0, then S < P, and P(O
<P<0<S8),PO<P<3§<0,PP<0<0<3),PP<0<35<0),
PP<0<0<3),PP<0<S§<0,PP<§<0<0),andP(P<S<
O < 0) never occur. We want to compute P(O < S). Collecting terms from
the set above in which O < § and omitting zero terms, we find that

P(O<S)=P0<O<P<S)+PO<P<0<YS)
+P(O<0<P<S)+PO<S<P<0)
=P(0<O0<P<h(P)) + PO<P<O<h(P))
+ P(O<0<P<h(P)) + P(O<h(P)<P<0).

But note that if P < 0, k(P) < P, so we can rewrite P(0 < O < P < h(P)) as
P(0 <0 < P)and P(O < 0 <P < h(P)) as P(O < 0 < P). Furthermore,
note that P(0 < P < 0 < h(P)) is P(0 < P < 0) — P(D > h(P) > 0), and
P(O < h(P) < P < 0) is P(O < h(P) < 0). Therefore, we can rewrite our
probability as

P(O<S)=P(0<O0O<P)+P(O<0<P)+PO<P<O0)
+ [P(O < h(P) < 0) — P(O > h(P) > 0)].

Intuitively, this equation states that when h(-) changes, the probability that
the top candidate comes from the same group increases with P(O < k(P) <
0) — P(O > k(P) > 0). We now show that the variance ratio in k(-) has the
effect of shifting out P. If ¢,/0, increases, more probability mass is lost in
the second term P(O > h(P) > 0) than is gained by the second term P(O <
h(P) < 0). Figure Al illustrates these two areas. Consider any fixed possible
realizations of P. When there are two same-group candidates, a symmetric
outward shift loses more (shaded) area on the right (in the positive section)
than it does on the left. Thus P(O < S) increases with A(-) when n = 2. The
figure also visualizes why there is no change in probability when there is only
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F16. A1.—This figure plots the density function for the top other-group candidate
for one and two other-group candidates. The question is whether shifting cutoffs
toward the tails (by using A(x) rather than x) reduces the difference of the two areas
in the tail. When n = 1, the net loss of area from increasing &() is identical because
the density is symmetric. When n = 2, however, the area loss in the below 0 region
from increasing k() is always less than the area gain in the above region from increas-

ing A().

n = 1 candidate: a symmetric shift shaves off equal areas under the normal
curve. Algebraically, if we can show that for, all positive Py,

A[P(O< —Py<0) — P(O>P,>0)]
<0,
aP,

then we can conclude that an increase in o,/0; increases P(O < S). By inspec-
tion of figure Al, the net change in area can be expressed not only by the
change in shaded areas from P to A(P) but also by the change in the tail area
to the sides of h(P). The left tail area is F(—P,) and the right tail area is 1
— F(P,). We need to subtract the two areas and examine the change in this
area difference with respect to P,; that is, we need to compute

F™(—Py) — [1 = F"(Py)]}
0 aP[O o wE B F(Py) - F(=PF(~Py),

where F denotes the cumulative distribution function of one single draw

from the inferred quality distribution of other-group candidates (same as O),

and n is the number of candidates. Exploiting the symmetry of the normal
distribution, F'(—Py) = F'(P,) = f(P,), we get

3{F"(—Py) — [1 — F(Po)l} _

3P, = nf(Po)[F(Po)"~! = F(=Py)""'].
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As expected, when n = 1, there is no net area change due to the symmetry
of the normal distribution. However, when n > 2, because F(P,) > F(—P,),
the expression is positive. In sum, we have shown that, for any given draw
from h(P) (i.e., any possible inferred quality of the best other-group candi-
date), when A(x) increases (i.e., when the relative variance ratio of the inferred
qualities increases), the probability that a same-group candidate is chosen
increases. Thus a higher variance ratio of inferred qualities also strictly in-
creases the unconditional probability that a same-group candidate is chosen.
Q.ED.

Figure 1 in the text plots the probability of picking a same-group candidate
as a function of o2 and n. As with any other good proof, the figure does not
contradict our proof.

C. An Example That the Variance Increase Alone Is Not Sufficient

We conclude with an example that shows that employers with more screening
ability are not always more likely to hire same-group applicants in small
applicant pools for certain distributions. As we explain below, this example
depends on an unusual screening signal that shifts most of the mass of the
inferred quality distribution toward zero, while at the same time increasing
the variance of this distribution.

Assume that the employers judge other-group applicants to be of quality
+1 or —1 with equal probability. For same-group applicants, the employer
receives one extra signal: If the candidate prescreening was judged to be of
quality +1 and the signal is A, the expected quality jumps from +1 to +25.
However, signal A is observed with only 4 percent probability. With 96 per-
cent probability, signal B is observed, and the expected quality drops from
+1 to 0. (As required, the extra signal does not alter the expected values
[.04-25 + .92 -0 = 1].) Symmetrically, if before prescreening the candidate
was judged to be of quality —1, with the additional screening information,
the expected quality can jump from —1 to —25 with 4 percent probability,
and with 96 percent probability, the expected quality moves from —1 to 0.
The resulting distribution of expected qualities for same-group applicants is
therefore —25 with probability 4 percent, 0 with probability 92 percent, and
+25 with probability 4 percent. (Proposition 1 is easy to verify: the variance
of the inferred quality distribution is higher with the screening signal, in-
creasing from .5 - 12-2 = 1t0 4% - 25%- 2 = 50.)

Now compute the probability of hiring an other-group candidate. First,
note that screening does not influence the likelihood of hiring a same-group
candidate if there is one candidate each. The probability that the employer
chooses the other-group candidate is the probability that the inferred quality
of the best other-group candidate is larger than the inferred quality of the
best same-group candidate. With one same-group and other-group candidate
each, this is the probability that the best other-group candidate is —1 (50
percent) and the best same-group candidate is —25 (4 percent), plus the
probability that the best other-group candidate is +1 (50 percent) and the
best same-group candidate is —25 or 0 (4% + 92% = 96 percent). This
sums to 50 percent, an equal probability that the hired candidate has either
background.
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With two same-group and two other-group candidates, however, the prob-
ability that an other-group candidate is chosen is the probability that the
best other-group candidate is — 1 (25 percent) and the best same-group candi-
date is —25 (0.16 percent), plus the probability that the best other-group
candidate is +1 (75 percent) and the best same-group candidate is —25 or 0
(96% - 96%). This sums to a 70 percent probability of hiring the other-
group candidate!

In other words, increasing the information (through screening ability) by
the employer for a subgroup of applicants may decrease the probability of
hiring an employee from this subgroup as long as there are two employees.
(When the number of applicants is increased, the probability of hiring a
same-group employee eventually exceeds the probability of hiring an other-
group employee.) We conclude that firms with better screening ability on
same-group applicants are more likely to hire such in small applicant pools
only under distributional assumptions that rule out large asymmetric shifts
in the inferred quality distribution.
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