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Abstract

In this paper we make two contributions toward a better understanding of the causes and
consequences of discrimination in credit markets. First, we develop an explicit theoretical model
of the underwriting process in which lenders use a simple Bayesian updating process to evauate
applicant creditworthiness. Using mysal correlated with an applicdé true creditworthiness
and their prior beliefs about the distribution of credit risk in the applicant pool, teadeaable
to evaluate an applicant'xgectedor “inferred” creditworthiness to determine which loans to
approve and which ones torye Second, welicitly model theself-selection behavioof
individuals to show how market frictions like bigptcan affect application decisions. Because
these decisions shapanks’ priorbeliefs about the distribution of credit riskejhalso affect the
Bayesan posterior from which baskompute an applicant’s infedereditworthiness, imying
that statistical discrimination can arise endogehous a market in whie only some lenders
have “tastes for discrimination,” we show that there are conditions undein veémders without
racial animus will also discriminate.
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1. Introduction

The issue of discrimination in mortgage lending has been at the forefront of policy
debates in commercial banking and socia economics throughout the decade. Ignited by
empirical findings reported in the so-called “Boston Fed study” (Munnell et al., 1992, 1996), the
debate over lending discrimination continues today. In the years following the initial Boston Fed
study, academics, bankers, activists, and policy makers have struggled to agree on how best to
rectify discriminatory lending practices. At the same time, no clear consensus has been reached
on whether or not lenders actually do discriminate. At the heart of this conundrum is the
difficulty in establishing what discrimination looks like and how it might be detected. This paper
is an attempt to confront these issues by studying the loan underwriting process.

Virtually all of the research in this area has been empirical, and much of it has focused on
the validity of Munnell et al.’s results and on finding ways to analyze and detect discrimination
in mortgage lending dafa. In contrast, there has been little work on economic theories that
might explain the discriminatory behavior Munnell et al. claim to have uncovered or that would
provide a framework for studying the loan underwriting proééHsis lack of economic theory
has hindered the design of appropriate empirical tests for lending discrimination.

Our paper makes two contributions toward a better understanding of the causes and
consequences of discrimination in credit markets, yielding interesting insights into the behavior
of both lenders and mortgage applicants. First, we develop an explicit theoretical model of the
underwriting process that accounts for lenders’ efforts to ascertain applicant creditworthiness in
the presence of imperfect information. In our model, lenders use a simple Bayesian updating
process to evaluate applicant creditworthiness. In essence, the information a lender collects on
an application is a signal that is (imperfectly) correlated with the applicant’s true credit risk.
Taking into account its prior beliefs about the distribution of credit risk in the overall applicant

pool, the lender is able to use this signal to calculate an applicant’'s expected or “inferred”

! See, for example, Berkovec et al. (1994), Horne (1994, 1997), Yezer et al. (1994), Bostic (1996), Hunter and
Walker (1996), Black et a. (1997), Bostic and Canner (1998), and Day and Leibowitz (1998).

2 Some theoretical contributions include Calomiris et al. (1994), Calem and Stutzer (1995), Ferguson and Peters
(1997a), and Han (1997).



Salf-Salection and Discrimination

creditworthiness; only those applicants whose inferred creditworthiness is sufficiently high are
approved for loans. Thus, lenders use both the information provided by applicants and their own
prior underwriting experiences to determine which loans to approve and which to deny.

Our second contribution lies in our focus on the self-selection behavior of individual
applicants. We examine how the market as a whole responds when a subset of lenders have
“tastes for discrimination” (Becker, 1971). Our model illustrates how minority applicants’
reactions to this discrimination alter the relative distributions of minority and white credit risk in
bank applicant pools, givingpn-bigoted lenders an incentive to statistically discriminate against
minorities. This statistical discrimination arises endogenously as a result of applicant responses
to bigotry. Furthermore, this statistical discrimination against minorities occurs in our model
even though minority applicant creditworthiness and white applicant creditworthiness are
assumed to be identically distributed in the general population.

An additional advantage of our model is that it allows an explicit definition of what
constitutes discriminatory behavior, and can thus be used to aid in the design of empirical tests to
uncover any discrimination that may exist, as well as to reveal the source of this discrimination.
For example, we show that the conditional default rate of minorities is lower than that of whites
at bigoted banks (as suggested by Becker, 1993). In contrast, banks that statistically discriminate
against minorities will observieigher conditional default rates among their minority borrowers
(consistent with the findings of Berkovec, et al., 1994). Thus, while a Becker-style test on loan
default rates would be capable of identifying bigoted lenders, it would allow statistical
discriminators to discriminate with impunity. To avoid this problem, we suggest a test involving
applicant denial rates that can not only determine whether lenders discriminate, but also whether
that discrimination arises because of lender beliefs (statistical discrimination) or lender
preferences (bigotry).

The dearth of theoretical work addressing the problem of discrimination in credit markets
may arise out of a belief that theoretical results developed for labor markets apply directly to
credit markets as well. This, however, is often not the case. In labor markets, the employer’s
problem is typically to select the most desirable applicant. In contrast, lenders generally approve

all applicants that exceed a given threshold. In other words, labor market discrimination arises
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from the treatment of individuals in the upper tail of the distribution of applicant characteristics,
while credit market discrimination arises from the treatment of individuals who fall somewhere
in the middle of this distribution. As a consequence, a given market friction can result in vastly
different outcomesin labor and credit markets.®

One example of this can be seen in analyses of “cultural affinities.” Cornell and Welch
(1996) consider a labor market in which employers are better able to assess the true productivity
of job applicants with whom they share a common cultural background. In this setting, Cornell
and Welch show that as the size of the applicant pool increases, the probability that the most
qualified applicant is a member of their same group approaches one. In other words, employers
will naturally tend to hire applicants with whom they have a cultural affinity, even in the absence
of any tastes for discrimination. Calomiris et al. (1994) and Longhofer (1996) analyze virtually
the same informational problem in the context of credit markets and show that it gives lenders an
incentive todiscriminate against applicants with whom they have a cultural affinity. Thus, the
same informational friction provides two diametrically opposed predictions for labor and credit
markets.

Given the fundamental differences between labor and credit markets, the importance of
modeling discrimination incentives separately for each becomes clear. Our paper provides a
major step is filling this void in the literature.

In the next section, we review several theories of discrimination and discuss how these
models relate to our own. In section 3, we introduce our model of loan underwriting and show
how lenders use their past underwriting experiences and beliefs in evaluating applicant
creditworthiness. Then, in section 4 we complicate the model by making banks heterogeneous.
In particular, we allow some banks to exhibit Beckerian tastes for discrimination, giving
minority borrowers an incentive to self-select among banks. We demonstrate how this behavior
can affect bank underwriting standards and other market outcomes. Because both individual
application decisions and bank lending decisions are endogenous in our model, it provides a rich

environment for analyzing a variety of empirical and policy questions; we discuss these in

® Heckman (1998) discusses how precisely this kind of problem arises in “audit pair’ tests for labor market
discrimination. He argues these tests are flawed because they typically do not control for the qualifications of the
pair relative to the qualifications necessary for acceptance.
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Section 5. Section 6 concludes, while proofs of all results and propositions are found in the

Appendix.

2. Discrimination in Credit Markets

Becker (1971) pioneered the economic analysis of discrimination, developing a theory
based on the preference a bigot has for one group over another. As Becker argues, a taste for
discrimination makes a bigot willing to expend a cost (or forgo a benefit) to associate with his
preferred group. As applied to credit markets, a bigoted lender will hold applicants from his
preferred group to alower credit standard than applicants from another group, causing the lender
to make loans to high-risk applicants from the preferred group, while denying equally risky
applicants from other groups.” Alternatively, bigoted lenders may charge minorities higher
interest rates or fees than equally qualified whites.”

Becker’s theory is one gbreference-based discrimination. In contrast, statistical or
belief-based discrimination can arise when the characteristics of an individual’s group are used
to evaluate his or her personal characteri§tiér example, if high obligation ratios are better
predictors of default risk for members of one group than another, lenders may want to take group
membership into consideration when making underwriting decisions. Arrow (1972a, 1972b,
1973) and, separately, Phelps (1972) were among the first to consider models of statistical
discrimination, focusing on the problem of an employer with exogenously given beliefs that the
average productivity of white labor is higher than that of minority labor. In the mortgage market,
statistical discrimination would arise if lenders could not perfectly observe individual

creditworthiness, and believed that minority applicants were less creditworthy on dverage.

* Ferguson and Peters (1998), however, show that if credit is rationed a bigoted lender can discriminate without forgoing

profits and without creating a difference in margina default rates between minorities and non-minorities.

> This seems less likely, as a single lender's mortgage terms vary surprisingly little with individual applicant
characteristics. See, for example, Sirmans and Benjamin (1990), Duca and Rosenthal (1994), Benjamin et al.
(1995), and Avery et al. (1996). Yet a third potential for discrimination is for lenders to restrict minorities access to
credit through, for example, their marketing efforts.

® Statistical discrimination is sometimes distinguished from taste-based discrimination through labels such as
“economic” or “rational” discrimination. Such labels can be misleading, however, since bigots are perfectly rational
economic agents, maximizing their (albeit socially condemned) preference function subject to constraints.

" See Calem and Stutzer (1995) for an alternative model of statistical discrimination in credit markets.
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More recent research has suggested that cultural differences between banks and
borrowers (Calomiris et al., 1994, and Longhofer, 1996) or between employers and job
applicants (Cornell and Welch, 1996) can lead to a form of statistical discrimination. The
intuition behind this theory is that lenders may share an affinity with members of one group due
to a common ethnic background, race, religious belief, gender, education, or other social bond.
Ferguson and Peters (1997) extend this idea, arguing that affinities may arise endogenously
based on a bank’s experience in working with applicants from different groups. Whether
cultural or experiential, however, an affinity allows lenders to more accurately evaluate the
merits of applicants with whom they share this common bond.

Our model of the mortgage underwriting process is able to incorporate each of these
potential sources of discrimination, and using it we can replicate the traditional empirical
implications of each. In addition, however, our model allows applicants to react to the
underwriting criteria established by different banks, self-selecting in an attempt to maximize
their chances of obtaining loans.

Thus, our model illustrates how the choices that individuals make regarding whether or
not to apply for loans—and to which bank they apply—are based on the likelihood that they will
be approved and, therefore, imply a correlation between the creditworthiness of a bank’s
applicant pool and race. Profit- and utility-maximizing banks have an incentive to use the
information this correlation reveals in order to more accurately assess credit risk. In other words,
applicant self-selection behavior can lead to endogenous differences in the average
creditworthiness of different groups. As a result, statistical discrimination aveesd lenders
believe that the distribution of creditworthiness is the same across groups in the general
population.

It is important to note that the endogeneity of creditworthiness in our model is different
from that suggested by Yezer et al. (1994), who claim that individuals adjust their application
information based on hints from loan officers regarding the probability of rejécthana result,
they argue an individual's true underlying creditworthiness is endogenous. In contrast, we

assume that an individual's creditworthiness is exogenously given. Instead, applicants in our

8 See Coate and Loury (1993a, 1993b) for analyses of endogenous skill acquisition by job applicants.
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model self-select among banks, making the distribution of credit risk endogenous in bank
applicant pools.

Our model’'s empirical predictions are consistent with many existing empirical studies on
discrimination in mortgage markets. It is important to keep in mind, however, that the primary
contribution of our paper is not simply in the specific empirical predictions it may provide, but
also in the structure it provides us for thinking about how market frictions may affect the
mortgage underwriting process. Our framework for analysis will provide a foundation for future
researchers and policymakers to better understand the true causes of observed racial differences

in credit markets, and to analyze how various policy corrections would affect the market.

3. AMode of Mortgage Underwriting

Consider a world in which individuals want to buy a house but lack sufficient funds to do
so. As a result, they must obtain loans from a financial institution, which we will call a “bank.”
Each individual in the population is assumed to have a true creditworthiness represefted by
[0,1]. We interpretd as an individual's likelihood of repaying his loan, and assume that it
captures all of the factors that might cause him to default, including disruptions to his income,
changes in the value of his house, and his personal compunction about defaulting on an
obligation.

Creditworthiness is assumed to be distributed throughout the population according to the
probability density functionf (8) , with cumulative distribution functior (6) :I: f(t)dt; all
lenders and individuals share these prior beliefs about the distribution of true creditworthiness in
the population.

Although each individual's creditworthines8, is given exogenously, an individual’s
application decision is endogencusherefore, we must distinguish between the distribution of
creditworthiness in the populatiof,(€), and the distribution of creditworthiness in the applicant

pool. We will denote this latter distribution I8(&) with corresponding density (&) .

® Our model allows individuals to choose whether to apply for a loan given their creditworthiness, but it does not
allow them to enhance or alter their true underlying 6, in contrast to Yezer et al. (1994). Such an extension to our
model would be feasible, in principle.
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Based on their costs of funds and the competitive interest rate in the market, banks
determine a 8" defining the minimum acceptable creditworthiness they are willing to approve.
In a full-information world, lenders would know each individual's t&eand would approve
only those applicants witl>8". Anticipating this, only individuals with such & would
apply, and lenders would approve all applicants.

Unfortunately, lenders cannot perfectly obseé/e Instead, they observe a signak
6+ &, wheree represents the lender’s errors in assessing credit risk. We assume that this signal
aggregates all the information banks collect about an applicant’'s creditworthiness (e.g.,
obligation ratios, credit histories, property characteristics, and other information that lenders
collects in the application process). For exampl@ould include Using a Bayesian updating
process, banks use this signal to update their prior beliefs about an applicant's true
creditworthiness.

Let p(s|8) be the likelihood that a lender observes sigrfabm an applicant of typé.
The usefulness of the signal will depend on the characteristics of this signal generation process.

For our analysis, we assume tpas characterized as follows:

ASSUMPTION Al: For every applicant type 6,

1) E[s|6]=9;

2) p(@-9|8)=p@+d]|6), 0J;

3) p'(s|f)>0,0s<d and p'(s|f)<0,0s>8 ;
g H(s19)/96

p(s]6)
5) p(s|@) is strictly positive on its support, (—o,+c), and has continuous
partial and cross-partial derivatives.

isincreasing in s, and

Part 1 of this assumption simply states thet an unbiased signal of an applicant’s true
underlying creditworthines#] Part 2 is a symmetry assumption, and guarantees that applicants
are equally likely to send erroneous signals in either direction. Part 3 ensusthaimodal,
or “hump-shaped.” Part 4 states tpatatisfies the monotone likelihood ratio property. Finally,
part 5 is a technical assumption to facilitate some of the proofs that follow. All of these

assumptions are reasonably standard and are satisfied by a number of common distributions,
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including the normal, logistic, and non-central T distributions.
Based on this signal generation process and the distribution of its applicants, the

unconditional density of signals observed by abank is

w(s) = I p(s|68)g(6)de, (D

where T is the set of al types that apply in equilibrium. We then define the likelihood that an

applicant sending signal s has true creditworthiness 8as
n(9|s):w, gearT, 2
w(s)

and 0 otherwise. Thus, r7is the lender’s Bayesian posterior beliefsébn
Lenders are not interested in an applicant’s signal, per se. Rather, they grant credit based
on an applicant’s expected creditworthiness derived from this postefioiVe will often refer

to this expected creditworthiness as an applicant’s inferred “quality,” which is denoted by

()= {61946 3)
a lender will approve an applicant if and onlygiis) > q" = 6.

ResuLT 1: Inferred creditworthinessisincreasing in the observed signal: q'(s) > 0.

This result is simply a formalization of the intuition that applicants who send better
signals tend to be more creditworthy. More importantly, this result assures us that there exists a

unique cutoff signal determining which applicants will be approved.

RESULT 2: Thereexistsa uniques =q*(d), such that every applicant with s> s is approved.

Given this structure of the underwriting process, we can now determine which
individuals will apply for loans. Letr(€) denote the probability that a tygkapplicant is

approved for a loan. Given Result 2,

19 This Bayesian process formally models the intuitive notion that lenders use their past experiences to interpret the
information on loan applications. Thisis true regardless of whether lenders formally subject their loan applications
to scoring models.
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a(6)= [ p(s|&)ds. @

It is straightforward to verify that the probability of being accepted for aloan isincreasing in the
applicant’s type.

ResuLT3: a'(@) >0.

We assume that applying for a loan is costly, so that individuals will only do so if their
chance of being approved is sufficiently high. Betenote the gross benefit a borrower receives
from a loan (the utility stream from owning a house) @nthe cost of applying for a loan (both
shoe-leather and direct application costs)So long as 0 € < B, Result 3 ensures that there

exists a cutoff typ&™ such that

*

a, (®)

m ” m C
a (™) = [p(s|67)ds =2

implying that all individuals with@ =8™ will apply for loans, while those who are less
creditworthy will not”? We will often refer to8™ as the “marginal” applicant type. Casual
observation suggests that most individuals will only apply for a loan if their likelihood of being

approved is relatively high. Thus, we make the following assumption.

ASSUMPTIONA2: a” > .

Given our assumption thatis symmetric, this implies thag' <8™ in any equilibrium. Note
that this in turn implies that that a majority of all mortgage applications are approved, consistent
with findings from Home Mortgage Disclosure Act d&ta.

We are now able to define an equilibrium in our model as (#ied,) pair that

1 C is the borrower’s direct costs of applying for a loan. Lenders also bear some of the costs of originating loans;
these costs are captured in the parantgter

21t is possible thaB™ 0(0,), in which case either all individuals apply for loans or remain out of the market. We
will ignore this possibility throughout the rest of the paper.
3 This is not to suggest, however, that all applicants are acceptable to banks. In fact, it is easy to gfow dhat

in any equilibrium; otherwise banks would accept all applicants without screening, which cannot occur in
equilibrium.
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simultaneously solves the following two equations:
S =
ac(lém; = 2'*. ©)
At this point, there is no substantive difference between this model and one in which the
applicant pool is given exogenously. In order for the ability of applicants to self-select to make a
gualitative difference on outcomes in the model, it is necessary for some heterogeneity to exist

across lenders. We address this issue now.

4. Thelmpact of Self-Selection

Thus far, we have developed a model of mortgage underwriting in which applicants
choose whether or not to apply for loans. This, however, is not the only decision individuas
must make. In particular, differences among lenders can lead to differences in an applicant’s
chances of being approved for a loan at these lenders. As a result, individuals may have an
incentive to select one lender over another. It is this type of self-selection that we address in this
section.

Specifically, we allow a subset of lenders to have a taste for discrimination and show how
this heterogeneity can lead to differences in the distribution of credit risk across banks and
between applicant groups. In doing this, we are primarily interested in how applicant self-
selection affects three aspects of the equilibrium. First, we want to establish which applicants
apply at each bank. This will determine the distributional characteristics of each lender’s
applicant pool. Second, we are interested in how these choices by individual applicants affect
lenders’ incentives to discriminate. Finally, we would like to compare conditional denial and
default rates across banks as well as across groups.

To proceed, it will be useful to formally define what we mean by the word

“discrimination.”

DEFINITION: A bank is said to discriminate against members of a group if it requires them to
meet a higher cutoff signal, s, than it does members of another group.

10
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Although the term “discrimination” is not explicitly defined in either the Equal Credit
Opportunity Act or the Fair Housing Act, the two laws that directly prohibit mortgage lending
discrimination, this is the definition enforced by regulators and implicitly used in policy
debates? In addition, it has the advantage that it is based entirely on information that is
observable by banks and regulators. In contrast, definitions of discrimination that depend on an
applicant’'s true typeg, or his inferred creditworthiness|(s), are less useful from a policy
perspective, since they cannot be used for enforcement purposes.

Assume that the population of potential applicants can be divided into two gfoapd,
B. For ease of exposition, we will often refer to gréugs the “white” group and to grolpas the
“minority” group. Nevertheless, these groups may alternatively be thought of as distinguishing
applicants along any racial, ethnic, cultural, gender, or other publicly observable characteristic that
lenders can use to classify applicants.

Similarly, we assume that borrowers can apply at one of two different bérais] Y.>
Bank X has no preference for members of either group, while bartkas a “taste for
discrimination” against group applicants. Note that the assumption that bahks no taste for
discrimination does not imply it will never exhibit discriminatory behavior. In fact, we will
show momentarily that bank may have an incentive to discriminate against one group or the
other, even though it harbors no racial animus.

In the context of our model, barnks taste for discrimination implies that it requires

groupB applicants to have a higher inferred quality in order to be approved for a loan.

ASSUMPTION A3: g, =0y <0, .

Here, g, is the lowest inferred quality a groBapplicant may have and still be approved at
bankX, g, is the lowest acceptabtgfor groupB applicants at bank, and 0, is the minimum

acceptabley for group A applicants at either bank; further uses of the subsokip¥ andY

14 See |onghofer and Peters (1999) for a discussion of the confusion that has arisen because of the lack of a precise
working definition of discrimination in the literature.

> More accurately, we assume that there are two types of bank, al of which behave competitively. To facilitate the
exposition of our model, we will focus on the behavior of arepresentative bank of each type.

11
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should be interpreted similarly.*
Self-sdlection affects the mortgage underwriting process by altering the distribution of credit
risk in applicant pools across groups and across banks. To analyze this phenomenon, we assume

that applicant creditworthiness is uniformly distributed across the interval [0,1].

AssumPTION A4: f.(8) =1for all 600[0,1],i = AB.

This assumption greatly simplifies our analysis of self-selection. For example, in the model of
the previous section with no lender heterogeneity, g(&) =J/ (A-6™), so that applicant
creditworthiness is uniformly distributed on the interval [6™,1] .

Absent any applicant self-selection, a direct application of Results 1 and 2 on Assumption
A3 impliesthat

Sy =Sy <S,. (7

In other words, if applicants naively choose banks irrespective of these institutions’ tastes for
discrimination, bank/’ will discriminate against grouB applicants by requiring them to meet a

higher cutoff signal (see Figure 1).

ResULT 4: In the absence of applicant self-selection, bigoted banks have an incentive to
discriminate against minority applicants by holding them to a higher cutoff signal, while
non-bigoted banks hold applicants from each group to the same cutoff signal.

The discriminatory behavior on the part of bawWkwill clearly affect a groupB
applicant’s chance of receiving a loan. Indeed, becau$6)=1-P(s |8) (where
P(s|6) Efw p(t|8)dt), it must be the case that, (8) <a, () for everyd As a result, if
minority applicants could costlessly and perfectly distinguish between the bigoted and non-
bigoted bank, they would always choose to apply at the non-bigoted bank. This behavior,
however, would imply that minorities would never suffer from discrimination. Therefore, if
discriminatory outcomes are to occur in the market, we must assume that information that

distinguishes between banks is costly and/or imperfect.

'8 Since we have assumed that neither bank has a taste for discriminating against group A applicants, the q" applied
to such applicants is the same at both banks.

12
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We assume that applicants must pay a cost y to acquire information about bank types.
This is not to imply that there exists an information store from which individuals purchase this
information. Rather, individuals read local newspapers and are exposed to other media sources
that can shape their beliefs about various lenders. More likely, they learn from the anecdotal
experiences of friends, neighbors, and relatives, as well as from their own experiences with
banks’ other products and services. Individuals may even use information, such as CRA ratings,
provided by various banking regulators and community groups.

To account for the noise inherent in such information, we assume that only a fyaetion
Y of individuals, uniformly distributed across the population, succeed in applying at their preferred
bank. Thus, our informational structure is such that individuals know how tlidewreated by
each bank, but must expend a cost to learn which bank is which. Furthermore, the information
an individual receives about banks’ identities is imperfect, so that some individuals who pay this
cost nevertheless end up applying for a loan at the bigoted bank.

Given this setup, grouB applicants will only acquire information about banks’ typ&s if

Blyr, (6) + (1- ), (8)] - C - x > B}, (8) + %4, (6)] -C
B(y - %)a, (6)-a,(6)]> x.

The left-hand side of this expression is simply a grBupdividual’'s expected net benefit from

(8)

acquiring information about bank types. It incorporates the gross benefit from obtaining a loan
(B), the increased probability of applying at baxikhat results from this informatiory ¢ ¥2),

and the higher probability of being approved at banka, (6) —a,(€)). For any minority
applicant with creditworthinesg, if this net benefit exceedg he will attempt to self-select
between banks.

This leads us to

Y While all of this information may be quite useful to an individual applicant, none of it on its own, or even in the
aggregate, can perfectly identify bigoted banks. If it could, the justice department and other federa regulators
would collect this information themselves and subsequently identify and punish bigoted lenders. Of course, such
anecdotal evidence is insufficiently precise to prosecute lenders for violating fair-lending laws. Nevertheless,
individuals can and do base their own application decisions on exactly this type of information.

'8 Note that group A applicants have no incentive to distinguish between banks, since they face the same cutoff
signal regardless of where they apply.

13
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ProPOSITION 1: For any fixed y; s, , and s, ,

1) If yissufficiently small, all group B applicants will pay this cost and attempt to self-
select to bank X;

2) If x is sufficiently large, group B applicants will not self-select between banks,
applying at each with probability %2; and

3) For intermediate values of, 0 8°0(65',) such that all group B applicants with

60[6g',6°] will gather information on bank types and attempt to self-select to bank

X; those with a highe8 will not gather this information and will apply at each bank
with probability %5.

The basic intuition behind Proposition 1 is straightforward. [If gathering information
about banks’ preferences is very inexpensive, all minority applicants will do so. On the other
hand, if distinguishing between banks is quite costly, minorities will be better off avoiding these
costs and taking their chances of ending up at byankhe third part of this proposition follows
from the fact that the value of information about bank types is decreasifig Trhat is, as a
minority individual’s creditworthiness improves, the difference between his chances of approval
at the two banks diminishes; since he is highly likely to be approved at either bank,
distinguishing between them is not very important to a highly-creditworthy minority applicant.

Note that regardless of the value pf group B applicants have a positive chance of
ending up at the bigoted bank. This implies that some low-creditworthy minority individuals
will not apply, even though they would in the absence of bigotry. Thd#;is; 8, because
groupA applicants face no bigotry (this fact is proven formally in the Appendix).

In equilibrium, s, ands, take into account not only baivks taste for discrimination but
also the impact self-seection has on bank applicant pools. To focus on the interaction of these
effects, we assume that x lies in the intermediate range required for minority self-selection
between banks to occur. In this case, the distribution of applicant creditworthiness across banks
and groupsis:

1

9.(6) T 9)
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EI 0°—9my+ 1-gey 7010
0,(6)=2"0 ")) (10)
0 2 ., 60(6°,1],
B(6" -6g) + (1~ %)
and
El(l— 6° —19_my+ 1-gey 7010
g, (6) =N ;) %0=6) (11)
2 60(6°,1].

E(l— VO° -65) + 1 (1-6°)
These densities are shown graphically in Figure 2. It is straightforward to verify that 8, <8,
and 8, <6, , where 6, EI;m g,(6)dd, j = A X, Y, is the average creditworthiness of a bank’s
applicant pool.
This self-selection behavior on the part of grddiporrowers directly affects banks’
evaluations of their inferred quality. Specifically, given any sighahe inferred quality of
minority applicants at the bigoted bank will be higher than that of minorities at the non-bigoted

bank and of non-minorities at either bank.

PROPOSITION 2: If group B applicants self-select toward bank X, q, (s) <q, (s) for all s and
q.(s) <q,(s) for all s.

Intuitively, because minorities with relatively lo@s try to avoid the bigoted bank, the
average creditworthiness of the minority applicant pool at this bank is higher than that of whites
or that of minorities at the non-bigoted bank. In Bayesian terminology, the expectation of the
prior belief of a minority applicant’s creditworthiness is higher at a bigoted bank than that of a
white applicant or of a minority applicant at a non-bigoted bank. Proposition 2, then, follows
immediately because an applicant’s inferred quality is simply the expectation of the Bayesian
posterior.

Proposition 2 implies that self-selection behavior on the part of minority applicants will
act to mitigate some of the bigoted bank’s incentive to discriminate against minorities. Although
bankY has an incentive to hold grolpapplicants to a higher cutoff signal because of its taste

for discrimination, the fact that,(s) <q, (S) gives it the opposite incentive. Nevertheless, we
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can show

PROPOSITION3: S, >s, and S, >s,.

Even when minorities adjust their application decisions in response to the effects of
discrimination, it remains the case that bigoted banks will want to hold minority applicants to a
higher cutoff signal than they do white applicants, and to a higher cutoff signa than do non-
bigoted banks. Thus, even in the presence of self-selection, minority applicants suffer from
discrimination.*®

The intuition behind Proposition 3 is straightforward. When low-68 minorities self-select
away from bank Y, it raises the average creditworthiness of the minority applicant pool at that
bank, and lowers it at bank X. Thistendsto bring s, and s, closer together. Nevertheless, it
cannot entirely eliminate the gap between the two, since it is this gap that gives minority
applicants an incentive to self-select in the first place. Similarly, s, is always larger than s,,
since the self-selection effect that tends to lower s, is second-order to the bigotry effect that
raisesit.

Our most striking result is that bigotry on the part of some banks can affect the treatment
of minority applicants at other banks. The decision of relatively low-creditworthy minorities to
apply at bank X reduces the average quality of its minority applicant pool, which in turn gives
that bank an incentive to statistically discriminate against minorities. Thus, the self-selection
behavior of applicants can lead non-bigoted banks to discriminate against minorities, even

though they have no tastes for discrimination.

ProPOSITION 4: Applicant self-selection behavior can cause bank X to discriminate against
members of group B (i.e,, s, >S,).

Essentially, self-selection has two counteracting effects on the inferred quality of group B
applicants at bank X. First, the fact that low-creditworthy minorities seek to avoid the bigoted

bank lowers the average creditworthiness of minority applicants at non-bigoted banks. This

19 Bigotry has other adverse consequences as well, including the cost of distinguishing between bigoted and non-
bigoted banks and the fact that fewer minority individuals apply for loans.
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tends to raise s, above s,. On the other hand, the fact that some particularly low-8 minorities

stop applying for loans altogether (because bigotry makes it less likely that they will be
approved) tends to raise the average creditworthiness of the minority applicant pool, making it
possible that s, <s,. Which of these two effects dominates depends on the parameters of the
problem but, in general, the higher 85", the more signals for which g, (s) will be larger than

g,(s). Thus, as long as bigotry doesn't force too many low-quality minorities out of the market,
their self-selection behavior will give badkan incentive to discriminate against minorities (see
Figure 3).

Finally, we would like to analyze how bigotry and self-selection interact to affect relative
default rates across groups at each of the banks. To do this, notg(shad an unbiased
estimator of an individual’s true creditworthiness (i.e., his probability of repaying his loan). In
the aggregate, therefore, (abusing the law of large numbers in the standard way) the function
1-q(s) gives us the ex post default rate for each group at each bamdktional on the
observed signal s. For example, of the group borrowers ending up at bankand sending
signalss, a fractionl- g, (s) will default, on average.

Our previous results, then, lead immediately to the following proposition:

ProPOSITION 5: Conditional on their signals:

1) Group B borrowers at bank Y will default less frequently than group B borrowers at
bank X and less frequently than group A borrowers at either bank;

2) If s, >s,, group B borrowers at bank X will default more frequently than their
group A counterparts; and
3) If s, <s,, group B borrowers at bank X with low signals will default less frequently

than their group A counterparts, while those who send relatively high signals will
default more frequently than comparable members of group A.

Figure 3 illustrates the effects outlined in Proposition 5. First, as shown in Proposition 2,
g, (s) is always larger than, (s) and q,(s). Thus, minority borrowers at barkdefault less
frequently than white applicants, holding constant the signal sent by each. This result is
consistent with the prediction made by Becker (1993).

Second, when bank discriminates against groipapplicants,qg, (s) < q,(s) for every

s that is approved by the bank (see Panel A). As a result, minorities at that bank rdefault
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frequently than their white counterparts, providing ex post confirmation for the beliefs that led to
the statistical discrimination. Thus, if lenders statistically discriminate, the relative default rates
between minorities and whites are the opposite of those that arise if lenders discriminate based
on preferences.

Finally, Panel B shows what happens when bank X discriminates against group A
applicants. As noted above, non-bigoted banks discriminate against group A only if the bigotry
effect is so large that few minorities (only the most creditworthy) apply. In this case, because the
minority applicant pool is of higher average creditworthiness, minorities sending low signals are
less likely to default (i.e., are more likely to have higher s). On the other hand, the fact that the
least creditworthy minorities self-select toward bank X meansthat q, (s) <q,(s) for highs. As
a result, bank X observes minorities with very good signals defaulting more frequently than
comparable whites.

It is important to recognize that the default rates we consider here are “conditional”
default rates and are distinct from the “marginal” default rates often discussed in the mortgage
discrimination literature. Unfortunately, the concept of a marginal default rate is often poorly
defined, making it unclear as to whether it is intended to refer to the least creditworthy applicant
approved for a loan, or to some larger group of high-risk applicants. In any event, statistical tests
of default rates typically attempt to control for factors that might affect a borrower’s credit risk,
and are thus inherently conditional default rates. As a result, the predictions outlined in
Proposition 5 are more directly testable than any predictions predicated on some notion of a
marginal borrower.

Finally, note that Proposition 5 makes predictions about the relative default rates of
minorities and whites across banks, but does not tell us anything about their conditional default
rates in the aggregate. Because minorities default more frequently than whites at some banks
and less frequently at others, it is unclear whether their default rate in the market as a whole will
be higher or lower than that of whites. As a result, our model does not provide firm predictions
as to what one might expect to find in a study such as Berkovec et al. (1994), which focuses on
default rates in an entire market. If one could control for the identity of banks, however, our

model suggests a means of testing which banks may be exhibiting tastes for discrimination; we
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discuss this possibility further in the next section.
To conclude this section, we reiterate our basic results when we allow borrowers to self-
select in the presence of taste-based discrimination:

1) Bigoted banks will discriminate against minority applicants by holding them to a more
rigorous underwriting standard (cutoff signal) than they do white applicants, and one that
Is more rigorous than that required by non-bigoted banks (Proposition 3).

2) Self-selection behavior by low-creditworthy minorities away from bigoted banks can
cause non-bigoted banks to statistically discriminate against minority applicants
(Proposition 4).

3) Conditional on their signal, minority borrowers at bigoted banks will default less
frequently than white borrowers or minority borrowers at non-bigoted banks (Proposition
5 — Part 1).

4) If non-bigoted banks discriminate against minorities, conditional default rates of minority
borrowers at these banks will be higher than those of white borrowers (Proposition 5 —
Part 2).

5) If non-bigoted banks discriminate against whites, conditional default rates of low-
creditworthy minority borrowers will be lower than those of white borrowers, while the
opposite will be true for high-creditworthy borrowers (Proposition 5 — Part 3).

5. Implicationsfor Testing and Policy

In the previous section, we demonstrated how applicant self-selection behavior affects the
distribution of credit risk across banks. In this section, we explore some of the more practical

applications of our model and discuss its relevance to recent policy issues.
Detecting Discrimination in Lending Markets

An ongoing debate in the mortgage discrimination literature has been on the proper
method for detecting discrimination in credit markets. For example, Munnell et al. (1996)
control for “every variable mentioned as important in numerous conversations with lenders,
underwriters, and examiners,” and find that

[H]olding the other financial and property characteristics constant, the probability
of denial [is] 8.2 percentage points [higher] for a minority applicant. (p. 33)

Implicitly, they condition on applicant signals to determine whether applicant denial decisions
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areracialy correlated.
In contrast, Becker (1993) argues that

The correct procedure for assessing whether or not banks discriminate...is to
determine whether loans are more profitable to blacks (and other minorities) than
to whites. This requires examining the default and other payback experiences of
loans, the interest rates charged, and so forth. (p. 389)

In other words, in order for a bank to discriminate against minority applicants, it must forego
profitable lending opportunities, thereby making (marginal) minority applicants more profitable
to the bank® Berkovec et al. (1994) attempt to perform such a test using FHA default and loss
data, and find that low-creditworthy minority borrowers are substantially more likely to default
than comparable white borrowers.

Our model suggests that an emphasis on denial rates may be the more accurate way of
detecting discrimination. This is because both bigoted banks and banks that statistically
discriminate will deny minority applicants at a higher rate than white applicants, conditional on
their signal. However, as outlined in Proposition 5, minorities will default more often than
whites at non-bigoted banks that statistically discriminate against minorities. Thus, Becker’s test
would misinterpret the behavior of non-bigoted banks, since statistical discrimination arises
precisely because minority applicants are less creditworthy conditional on their signal
(ay(s) <qA(s)).21 On the other hand, if applicant self-selection behavior is such that non-
bigoted banks do not discriminate against minority applicants, then focusing on conditional
default rates could lead to the inaccurate conclusion that those banks do discriminate against
minorities, and do so because of racial animus.

Furthermore, and perhaps most importantly, since default-rate predictions differ based on
whether a bank is a statistical discriminator or a bigot, studies focusing on a market that contains

both types of discriminators are likely to be inconclusive; the lower minority default rate at

%0 Han (1997) analyzes models of bigotry and statistical discrimination, with an emphasis on the differential impact

on bank profits across racial groups. He concludes that the ability to detect discrimination, whether statistical or
taste-based—as well as what discrimination “looks like"—depends on the particular measure of profits employed.
He analyzes several profit measures, including default rates, loan write-offs, expected profits, and realized rates of
return, finding some evidence that loans to minorities are more profitable than loans to whites.

2L Although some may argue that banks should not be punished for statistically discriminating, such behavior is
illegal under both the Equal Credit Opportunity Act and the Fair Housing Act.
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bigoted banks may be offset by higher minority default rates at banks that statistically
discriminate.® In contrast, because denial decisions are based directly on the variable we use to
measure discrimination (the applicant’s signal), tests for discrimination using conditional denial

rate data do not suffer from such errors.
Uncovering the Source of Discrimination

A related issue is the ability of testing procedures to identify whether evidence of
discrimination suggests statistical discrimination or bigotry. As we have argued above, both
types of discrimination are illegal under current fair-lending laws, making the distinction
between the two less relevant from an enforcement perspective. Nevertheless, designing
effective anti-discrimination policies depends crucially on identifying the underlying source of
this discriminatiort?

Our Bayesian model of the underwriting process suggests a simple approach that might
be used to distinguish empirically between statistical and preference-based discrimination.
Because the difference between these two forms of discrimination is located in the relationship
betweenq, and g, the empiricist must be able to reconstruct the lender’'s Bayesian updating
process (the underwriting process) to arrive at each applicant’s inferred qu@)ityA finding
that minority applicants are more likely to be rejected than widbesljtional on q(s), would be
consistent with preference-based discrimination. On the other hand, if the likelihood of being
rejected varies across racial groups controllingsfdrut does not vary after controlling for each
applicant’sqg, statistical discrimination is the more plausible explanation.

Munnell et al. (1996) undertake the first step in this process by looking at applicant denial
ratesconditional on s, and find that minority applicants are more likely to be denied loans than
comparable whites. It would be premature to conclude that the source of this discrimination is
lender preferences, however, because they do not consider how these signals are transformed

into an inferred credit risk for each applicant. That is, @th@yot control for each applicant’s

22 This fact may explain the ambiguous nature of some of Berkovec et al.’s resullts.

% Other researchers have also argued that default rates may provide a misleading picture of discrimination. See, for
example, Tootell (1993), Ferguson and Peters (1998), and Han (1997).

# See Longhofer and Peters (1999).
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q(s).>® To do this requires knowledge of the distribution of true credit risk of each group in the
lender’s applicant pool, i.e., aj(d). Craig et al. (1998) pursue this empirical question, using
the structure provided by this model to exploit the information available in the denial-rate data

used by Munnell et al.
Additional Policy Implications

Our model is also capable of shedding light on other recent developments in the mortgage
market. For example, advances in the automation of mortgage processing have reduced the
overall costs of applying for mortgage loans, both in terms of up-front fees and the time involved
in the process. Similarly, expanded marketing efforts by lenders (like those encouraged for CRA
compliance) may have lowered the shoe-leather costs associated with applying for loans,
particularly for targeted groups. Our model suggests that such a reduction in the cost of applying
for a mortgage should increase the number of mortgage applicants. In other words, as the cost of
applying for a loan declines, previously sub-marginal individuals will find it worthwhile to apply
(those with&just below8™). This is consistent with mortgage trends through the 1990s.

At the same time, however, reductions in these costs increase borrower denial rates, both
directly and indirectly. First, because more low-creditworthy individuals apply, unconditional
denial rates are higher. In additiooonditional denial rates increase because these new
applicants reduce the average creditworthiness of the applicant pool, which in turn requires
lenders to establish a higher cutoff sigsal Thus, while application or participation rates
increase with a reduction in the cost of applying for a loan, reducing these costs also makes it
tougher for all applicants to qualify for a loan. In other words, the increasagsociated with
these efforts causeas(d) to fall for all & (see Figure 4). This result is particularly noteworthy
because application rates are argued to be one of the most reliable measures of CRA compliance
(see Avery et al., 1998).

Finally, the general nature of our underwriting model makes it an ideal framework for
analyzing policy initiatives in the mortgage and other credit markets. Consider, for example, the

case in which non-bigoted banks statistically discriminate against minorities, and assume that

> More precisely, they show that s, — s differsfrom s, —s for applicants sending an “average”
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regulators could impose a stigma cost on lenders that exhibit tastes for discrimination, thereby
encouraging them to lower their g,. This would have two effects on minority self-selection
behavior. First, because their overal probability of being approved would rise, more minorities

would apply for loans. Second, because the “bigotry effect” is now sméfewill fall. On

net, this policy intervention would raise the average creditworthiness of minority applicants at
non-bigoted banks relative to that of whites. Thus, combating the bigotry that exists at some
lenders would also serve to eradicate statistical discrimination by non-bigoted lenders.

Although illustrative, this example by no means exhausts the possible policy uses of our
model. For example, it could be used examine how improved access to information about bank
lending practices through bank regulators or community groups (a reducjoor ian increase
in ) might affect individual application decisions and the subsequent treatment of applicants by
banks. Similarly, our underwriting model might also form the basis for analyzing the effects of

self-selection in the presence of other market frictions such as lender afffhities.

6. Conclusion

We have developed a model in which individuals choose to apply for mortgage loans
based on the likelihood of being approved. Individuals self-select in such a way that the
distribution of creditworthiness in the applicant pool differs across racial groups even though
creditworthiness is identically distributed across groups in the general population.

This self-selection behavior on the part of applicants may give lenders an incentive to
statistically discriminate against their minority applicaregen if they had no proclivity to
discriminate against themin the first place. Thus, in addition to introducing the general concept
of applicant self-selection into a formal model of loan underwriting, our theory is capable of
explaining how the behavior of lenders with tastes for discrimination can lead other lenders to
discriminate as well.

We have also shown that if lenders statistically discriminate against minorities,

conditional default rates for minorities are higher than those for whites, the opposite of the result

% Our preliminary efforts in this direction suggest that the results are similar to that of Longhofer (1996).
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obtained if lenders discriminate based on preferences. This fact suggests that researchers should
use caution when attempting to draw conclusions about the presence of market-wide
discrimination from default-rate studies, since both statistical discriminators and bigots may
coexist in asingle market,

It isimportant to note that the statistical discrimination that arises in our model is not the
result of an “omitted variable problem.” That is, we assume that the sigioglether with an
applicant’s race, is a sufficient statistic for an applicant’'s true creditworthiness. Instead,
discriminatory incentives arise because this signal is imperfect, even though it is unbiased.

Our model’'s empirical predictions can be used to help reconcile seemingly inconsistent
empirical results that have arisen in the literature. Munnell et al. (1996), Hunter and Walker
(1996), and Bostic (1996) all show that minority applicants are held to a higher credit standard
than are similarly situated whites. In addition, Berkovec et al. (1994) assume that their sample of
Federal Housing Administration (FHA) borrowers is comprised of individuals who are
“marginally” qualified for mortgage loans, and find that such borrowers tend to default at a
higher rate than comparable whites. Taken together, these empirical findings on denial and
default rates suggest that statistical discrimination against minorities by non-bigoted lenders is a
possibility (Proposition 4).

Recent empirical work has highlighted the importance of the applicant self-selection
behavior we model in this paper. Bostic and Canner (1998) find that differences in applicant
pools across black-owned, Asian-owned, and white-owned peer banks account for most of their
denial-rate disparities. Rosenblatt (1997) finds strong evidence that an individual's choice
between conventional and FHA mortgage products (as well as whether or not to apply at all) is
based on how well their personal characteristics match the requirements of each. Finally, Avery
et al. (1994) show that cross-lender variation in minority and low-income originations primarily
reflects differences in home mortgage application rates, again supporting our notion that
applicant decisions have a strong influence on lender behavior and other market outcomes.

Our model also provides some indirect support for concerns raised by Yezer et al. (1994)
that mortgage lending involves the simultaneous determination of the availability and terms of

credit. They argue that mortgage applicants can and do alter the information that ultimately ends
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up on their mortgage applications (either their s or their 8) in response to feedback from the
lender, with the ultimate goa of improving their chances of being approved. As aresult, single-
equation tests of conditional denial (or default) rates may provide biased tests of lending
discrimination. Although we do not directly model this behavior on the part of mortgage
applicants, this kind of endogeneity is comparable to that which we do model. Extending our
analysis to account for applicant adjustments to s or &, or to account for varying loan terms
across banks or borrowers (asin Han, 1997) may be a fruitful avenue for future research.

Finally, because of the general nature of our model of loan underwriting, it provides a
useful framework for analyzing policy initiatives in credit markets. As discussed in the previous
section, our model is amenable to modifications that would allow future researchers to
investigate the likely impact of a variety of different market frictions and policy actions. In
addressing such issues, an overriding concern should be the impact on a, the applicant’s

likelihood of obtaining a loan. This, ultimately, should be the primary variable of concern.
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7. Appendix

Proof of Result 1: We show that 77(@|s) satisfies the monotone likelihood ratio property, which

impliesthat q'(s) must be positive, since q(s) is the expectation of 8under 777’

on@|s) p(s|6) 9(8)w(s) - p(s|8)g(B)w (s)

s  _ o
m@é|s) p(s16)g(6)w(s)
M(s|6) (12)
- & _W()
p(s|6) (s
Hence,
) dngs) _d;(ds;e) p(slg)_dp(;wo dp(ds;m
26 m@ls) [p(s|8)]?
o(s|9) (3)
_J9 96
& p(s|6)

which is positive since p satisfies the monotone likelihood ratio property. It is worth noting that

this proof holds regardless of the distribution of credit risk in the applicant pool. #

Proof of Result 2: Immediate from the monotonicity of q(s). #

Proof of Result 3: By the symmetry of p (part 2 of Al), a(€) can be rewritten as

a(6) :J’_: p(t | s )dt. Differentiating with respect to 8 gives a'(6) = p(d|s') >0.

Proof of Result 4: Follows directly from the fact that q'(s) >0 and ¢, <q,. &

Proof of Propositions 1-3: In order to prove these propositions, we will need the following

lemmeas:

" This follows because the monotone likelihood ratio property implies first-order stochastic dominance; see
Milgrom (1981).

26



Salf-Salection and Discrimination

LEMMA 1: Assume there exists some 8° such that all applicants with 8 0[6™,8°] attempt to
self-select toward bank j while those with larger 8 randomize between bank j and bank
k. Then q,(s) >q;(s), Us.

Notethat if j = Xand k=, thislemmais part 1 of Proposition 2.

Proof of Lemmal: If applicants self-select in thisway, the inferred quality of applicants at each

bank can be written as

c p(s|8) y
PR Y(6° —0) + 1, (1-6°) iy
96=1 [ wiay [RCCLE
0" -0m)+ 3 (1-6%) b y(et —am)+ 1 (1-6°)
p(s16)
1 V(65 —6) + 1, (1-6°) (14)
g dag
| [ LY [RCLE
0" -0m)+ 1 (1-6% " b pet —am)+ 1 1-6°)
1 0 1 0
=— : [ (516 40+ [6616) 61
[0 plslO)ydo+ [ pi(sl6) ;o B > g
and
1 [y 1 O
0 (s) = — - 5{90(949)(1‘}/)‘19+I99(S|9)%d95
J;?'“ p(s|8)(1- y)do +Lc p(s|6) ¥, do B & = (15)

Using this, we calculate

¥ 1 1 L 0
q;(s) —qc(s) O gj' p(s|O)d-y)do+ [ D(Slé’)}édé’%ﬂ)(sl@)yd@ + [ep(s]6) ,d60
3 % n 2 &
¥ 1 e L 0
- @[ p(s|O)ydd+ [ D(SIQ)%W%@O(SIH)G- y)dé + J’9p(8|9)}éd95 (16)

KA 1 6° 1 0
= (y-%)gﬁp(sw) déf p(s|@)do - [ p(SIQ)dQJ’@p(SIH)dHEL

where [J indicates that this expression is proportional to the difference g, (s) - g, (s) . Now,

}9p(s| 8) dH} p(s|6)da < acef n(s|8) dH} p(s|8)do < } n(s|6) dej'ﬁp(s |18)de. (17)
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Recalling that y > %, , thisimpliesthat (16) is negative, thus proving g, (s) > q;(s) fordls. &

Lemma 2: Define B, (0)=(y-¥)la,;(0)-a,(6)]- x/B. Suppose that s >s, and assume
that x>0 is sufficiently small such that 3, (6) >0 for some € Then S, () has

exactly two roots on the real line, one of which must lie below 6™ .
Note that [3, (6) is derived from (8) in the text, the condition determining which applicants
choose to self-select toward the bank with the lower s ; any applicants with & such that

B, (6) = 0 will choose to self-select toward bank j, while the rest will not.

Proof of Lemma 2: First note that because y > % and s, >s;, (v - %)[a;(0) -a,(8)] >0 for all

6. Thus, [ some y such that (3, (6) >0 for some 6. Furthermore, by the symmetry of p,
a(@)=P(@|s). As a result, lim,_.[a;@)-a(0)]=0 and smilarly as 6 - —». This
implies that, given any fixed x >0, B, (6) <0 for sufficiently large and sufficiently small 6.
Consequently, S must have at least two roots on thereal line. Next, note that
B (6)=p@1s)) - p@ls)- (18)
By the symmetry and unimodality of p (parts 2 and 3 of Al), this is positive for any
6<(s, +s,)/2 and negative for al 6>(s; +s,)/2. Hence, B, (6) is quasi-concave and
bounded, reaching its maximum at 6 = (s; +s,)/2. Thus, 3, () must have exactly two roots,
It remains only to be shown that the lower root of 3, (6) lieshelow 6™. Let & denote

this lower root, and notethat 8 < (s; +s,)/2. By the symmetry of p (part 2 of A1),

S +5S S +5S 1
%a, (JTS“) +ya, (JTS“) = (19)
Define 67 such that
~ ~ 1
j,6) + 1=y 0) - x/B= (20)

(see Figure 5). By the continuity of a,
ya, (0)+ (L= y)a, (8) - x/B>%a,(6) + %, (8). (21)
Thus, 6 > @ . Recal now that 8™ is defined as the &such that
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max{ya; (8™) + (- y)a, (6™) - x/B, %a,(8™) + 4, (0™} =a’. (22)
Since a” > % by assumption, the monotonicity of the left-hand side of (22) implies that
0" >0 >6. &

Proof that s, <'s, (Proposition 3, part 1). Assume to the contrary that s, > s, and define

By (0) =(y = ¥)lay (6)-a, ()] - x/B (23)
as the payoff to a type-& applicant from attempting to self-select toward bank X (asin Lemma 2

above). This expression must be nonpositive, since y> %2 anda, (8) < a,(6) for all 8 (because
S, =S,). Thus, no group applicant will want to self-select toward baXkvhens, > s, 28
Now define

B (0) = (y-H)la, () -a,(0)]-x/B (24)
as the payoff to a typé&-applicant from attempting to self-select toward bafkif y is
sufficiently large, B,, will be negative for all@ and no grou applicant will attempt to self-
select toward either bank. In this cage(s) =q,(s) for all sand the monotonicity af implies
that g, >q,, a contradiction.

Now if y is relatively small, Lemma 2 implies th#, will have two roots on the real
line. Call the upper of these two rodS and note that i#° >1, all groupB applicants attempt
to self-select toward bank; once againg, (s) =q,(s) for all s, implying the contradiction
Ox > G -

By Lemma 2, the only remaining case to consideé?i§1(8™,1) . In this case, Lemma 1
implies thatq, (s) >q,(s) for all s. This, together with our assumption thgt > s, would

again imply the contradictioq, > ¢, (see Figure 6)#

Proof thatfg' >8;': Suppose to the contrary th@f >68;'. Following the same logic used in
the proof Lemma 1, this would imply that, (s)<q,(s) for all 5% Becauseq, =q,, this

would in turn imply thats, >s,. Above, however, we proved that > s, , implying that

% |t is worth noting that this fact rules out the possibility of a perverse signaling equilibrium, in which high-8
minority applicants attempt to self-select toward the bigoted bank in order to signal their quality.
 proof of this fact is omitted for brevity; aformal derivation can be obtained from the authors upon request.
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a,(0)>ya, (6) +(1-y)a,(6) - x/B, 06. (25)

This, however, would imply that 5" <8y, acontradiction. &

Proof that g, (s) > q,(s) _for al s (Proposition 2, part 2): The proof follows using bounding

techniques like those employed in the proof of Lemma 1, applying the fact that 85" >86,", and is

omitted for brevity.*® &

Proof that s, > s, (Proposition 3, part 2): Suppose to the contrary that s, > s, . In this case, the
fact that s, <s, impliesthat a,(0) < %a,(0) + %a,(0) < ya, (8)+([1-y)a,(0) for dl &(i.e,

for any given 6, a group-B applicant is more likely to be approved than a group-A applicant,
regardliess of whether he attempts to self-select toward bank X). This, however, implies that

8g <@, , acontradiction. 4

Proof of Proposition 1: Define once again

Bx (0) =(y = ¥)lay (6)-a,(6)]- x/B (26)
as the payoff to atype-8 applicant from attempting to self-select toward bank X and note that the

first term in this expression must be positive, since y> % anda, () <a, (6) for all (s, > s, ).
Thus, for sufficiently largey, B,, will be negative for alld 0[], proving the second part of
the proposition. For smaller values pfLemma 2 implies thag,, will have two roots on the
real line, one of which is lower thaf;’. Call the upper of these two roofs and note that if
6° =21, all groupB applicants attempt to self-select toward bahlkroving the first part of the
proposition. Finally, ifé° 00 (65',1) , Lemma 2 impliesB,, (8) > 0 only for 8 0[6;,6°], proving
the third part of the propositiore

Proof of Proposition 4: We prove existence by means of a numerical example. Equilibrium in

our model with self-selection is given by tHs,,s,,85,0°) combination that solves the

following system of equations:

% Once again, aformal derivation can be obtained from the authors upon request.
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. J’Hp(s |6)yd6+ [} 6p(s; 16) 500
Ay (Sx = 0x
[, P(S 10))d0 + [ pis; 16) 506
[, 60(S, 1)A-Y)dE + [ €S, 16) 1,6

[, (S, 19)A-)do + [ p(s, 16) 06

oy () = =y 27)

a(6g) = yay (65) + 1-y)a, (65) - ——a

pE")=( V-%[ax<9°)—ay<e°)]——=

asbefore, s, and @) are determined by (6) in the text.

Let p(s|f) be a norma density with mean € and variance .1, and assume that
q,=d, =.575, q, =.6, a =.6, y=.01, B=1, and y =.85. Numerica calculation of (27)
and (6) using these parameter values gives us the following solution: s, =.493, s, =.485,

s, =.478, 6" = 504, 6 = 514, and 6° = 544. &

Proof of Proposition 5: Follows immediately from Proposition 2 and the discussion in the

text. &
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8. Figures

Figurel

Effect of bigotry on the required cutoff signal with no self-selection.

a A

>

*

Sp = S Sy S

In the absence of minority applicant self-selection behavior, the higher q
required by abigoted lender leads it to discriminate against minority applicants by
holding them to a higher cutoff signal.
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Figure?2

Distributions of applicant creditworthiness across banks and groups.

A
9(6)

33



Salf-Salection and Discrimination

Figure3
Panel A

Bank X statistically discriminates against group B.

o (s) .~
-

-* :* -* )

Sa Sx Sy S
Minority self-selection behavior lowers the average creditworthiness in

bank X’'s minority applicant pool (i.e., shiftg, (s) down), giving bankX an

incentive to statistically discriminate against members of gmup Because
1-q(s) is also a measure of the ex post conditional default rate,Xabkerves

higher conditional default rates from groB8pborrowers than it does from its
groupA borrowers.
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Figure3
Panel B

Bank X statistically discriminates against group A.

-* -* -* )
Sx Sa Sy S

If enough group B applicants drop out of the applicant pooal, it raises this
group’s average creditworthiness at bafkgiving it an incentive to statistically
discriminate against members of grofip In this case, group borrowers that
send relatively low signals default more frequently than their white counterparts,
while groupB borrowers that send very good signals defast frequently than
comparable whites.
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Figure4

Effect of areduction in mortgage application costs.

A Z

Reducing the cost of applying for a mortgage has the effect of reducing
a’ to a,. This, inturn, lowers the creditworthiness of the marginal applicant to

8;". The resulting lower average creditworthiness in the mortgage applicant pool
causes lenders to raise their required cutoff signa to s, >s/, reducing all
applicants’ probabilities of being approved for a loan.
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Figure5

Proof of Lemma 2.

6 must liebelow 8™ because, by the monotonicity of a, it must lie below
6 , which issmaller than 6™ by the continuity of a.
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Figure6

Proof that s, <, .

qA
Ay ()
a,(s)
q>< ................................................ /
W E———— :
E* E* —>
S S S

If s, <s,,thiswouldimply that q, (s) = q, (s) for al s. But then the
monotonicity of g would imply that g, = g, , acontradiction.
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