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Abstract

We examine the practice of affirmative action and conse-
quences of its proscription on the admission and tuition
policies of institutions of higher education in a general equi-
librium framework. Colleges are differentiated ex ante by
endowments and compete for students that differ by race,
household income, and academic qualification. Proscrip-
tion of affirmative action requires that admission and tuition
policies are race blind. Colleges then use the informational
content about race in income and academic qualification in
reformulating their optimal policies. We find that minority
students pay lower tuition and attend higher-quality schools
because of affirmative action. A ban of affirmative action
will lead to a substantial decline of minority students in the
top-tier colleges.
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1. Introduction

Consideration of race in admissions and provision of financial aid has become
common practice among selective institutions of higher education, except-
ing instances where it has been banned. While college and university decision
makers have shown a willingness to promote racial diversity with affirmative
action policies, these practices are controversial and face frequent legal chal-
lenge. In Regents of University of California vs. Bakke (1978), the U.S. Supreme
Court struck down use of minority quotas in admissions. The University of
California’s Board of Regents then eliminated race- and gender-based affir-
mative action policies in 1995. This ban expanded to all public institutions in
California by referendum in 1996. The state of Washington followed suit by
passing an identical referendum in 1998. The Fifth Circuit Court of Appeals
ruled against race-related admissions in Hopwood vs. Texas (1996), eliminating
such practices in universities receiving federal public funding in Louisiana,
Mississippi, and Texas. The use of race in admissions at the University of Geor-
gia was proscribed by federal court in Johnson vs. University of Georgia (2001).
At Governor Jeb Bush’s urging, the Florida legislature eliminated affirma-
tive action at Florida public universities in 2000. In Gratz vs. Bollinger et al.
(2003) and Grutter vs. Bollinger et al. (2003), the U.S. Supreme Court ruled,
respectively, against the admission policy for undergraduates at the Univer-
sity of Michigan, while upholding that university’s admission policy to its law
school, both policies having elements of racially based affirmative action.

This paper examines the equilibrium practice of affirmative action by
colleges. Several rationales for attention to race in admissions in higher ed-
ucation have been put forth.! One position is that educational benefits are
produced from diversity in student bodies. The logic is that racial diversity in
student bodies promotes cross-racial understanding and breaks down stereo-
types, which better prepares students for an increasingly diverse workplace
and society. The educational value of diversity was the crux of the Univer-
sity of Michigan’s Law School’s defense for their admission policy in Gratz
vs. Bollinger et al., the argument accepted in the Court’s majority decision.
As well, Justice Powell’s opinion in Regents of University vs. Bakke stated that
attainment of a diverse student body was the only interest expressed by the
defendants that survives strict scrutiny. This paper examines the practice of
affirmative action that is motivated by educational benefits from racial and
socioeconomic diversity of the student body.

The starting point of our analysis is a competitive equilibrium model
that allows affirmative action practices.? The model predicts that affirmative

"We do not explore the original justification for affirmative action, which was, of course,
to remedy past injustices.

*This paper is related to the theoretical literature in economics on affirmative action.
Becker (1957) introduced the analysis of taste-based discrimination into economics. Phelps
(1972) and Arrow (1973) developed a theory of statistical discrimination. The effects of
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action increases minority students’ access to high-quality colleges. There is
much empirical evidence which supports this hypothesis. Bowen and Bok
(1998) find that affirmative action has significantly increased the enroll-
ment of minority students at the top-ranked U.S. colleges during the past
decades. Our model assumes that minority students, as well as nonminority
students, benefit from having access to top tier colleges. This view is also
consistent with the results in Bowen and Bok, who report that the minor-
ity students in their sample have performed well on average after graduat-
ing from college, suggesting that minority students benefit from affirmative
action.

In our model, colleges maximize a quality index that increases with aca-
demic qualification of the student body, inputs provided per student, and
simple measures of racial and income diversity. Colleges are differentiated
ex ante by access to nontuition revenues, for example, endowment earnings.
Potential students differ by race, income, and academic qualification, and
they maximize a utility function that increases in the quality of their edu-
cation. Colleges compete for desirable students using financial aid policies
and admission policies. Our framework has multiple colleges who compete
against each other using admission and tuition policies. We can, therefore,
investigate the way in which admission and tuition vary by income, ability, and
race within and across colleges. In contrast to previous studies, we can also
characterize the effects of competition among colleges on tuition policies and
on access to college by students with differing demographic characteristics.
Our inclusion of variation of income of potential students adds a realistic
dimension to the analysis that is important to the nature of equilibria with
and without affirmative action, and plays a key role in inference about race
under the ban.

We find that, when affirmative action is allowed, minority students pay
lower tuition and attend, on average, higher-quality schools than their equally
qualified nonminority peers. Colleges provide merit and need-based aid in
equilibrium, and pursue affirmative action in admissions and provision of
financial aid. Our paper also develops a counterpart computational equilib-
rium model with multiple colleges, calibrated to U.S. data, which permits us
to provide a quantitative investigation of the general equilibrium effects. We
specify and calibrate the computational model for the year 2000. Our model
is consistent with a U-shaped relationship between college quality and minor-
ity attendance. The fraction of minority students in the top tier of colleges
is approximately 15.5% compared with 14.4% in the third tier and 21.7% in
the outside option.

We then consider a ban in affirmative action policies and compute the
equilibrium using race-blind admission and aid policies. Since colleges are

affirmative action in employment have been studied by Lundberg (1991), Coate and Loury
(1993), and Moro and Norman (2003, 2004). Chung (2000) considers the relationship
between role models and affirmative action.
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still interested in diversity, they give some preference to students with high or
moderately high incomes who also have relatively low scores on standardized
college entrance exam, these students are relatively more likely to be minori-
ties. This prediction of our model is similar to Chan and Eyster (2003), who
also analyze the proscription of affirmative action assuming that college ad-
ministrators have preference for diversity and will employ alternative signals
of race under the ban. They emphasize that such a ban may reduce the aca-
demic qualification of the admitted student body when one motivation for
such a ban is to improve academic credentials.

In spite of colleges’ strategies to maintain diversity, we find that minorities
are significantly hurt by proscription of affirmative action. Minority presence
in the top-tier of colleges declines by 35%. The finding that affirmative action
largely affects the top-tier colleges is consistent with Kane (1998), who has
shown that racial preferences in admission and aid policies are only com-
mon among the top 20% of colleges and universities.> Nonminorities gain
from elimination of affirmative action, but those gains are generally modest.
Arcidiacono (2005) also finds that removing advantages for minorities in ad-
mission policies substantially decreases the number of minority students at
top-tier schools.

Conditioning on the attendance at college initially, the mean compensat-
ing variation from banning affirmative action for whites and minorities are
$111.81 and —$859.03, respectively. This finding suggest that most nonminor-
ity students have little to gain from a ban of affirmative action as suggested by
Fryer and Loury (2005). Dale and Krueger (1998) have argued that the ben-
efits of attending top-tier colleges are rather small for nonminority students.
However, that view is highly controversial. Card and Krueger (2004) find that
the highly qualified minority students are not much affected by a ban on
affirmative action policies. Our analysis suggests that the fraction of minority
students at top-tier colleges will drop to 5% of the student population after a
ban of affirmative action.

Our analysis thus suggests that race-blind affirmative action policies are
rather inefficient substitutes for race-sighted affirmative policies. This view
is shared by Loury, Fryer, and Yuret (in press), who investigate the conse-
quences of a ban on affirmative action in a model where colleges maximize
aggregate academic qualification of the student body subject to a racial quota
while assuming the races have different costs of increasing their precollege
academic qualifications. They show that under weak conditions the ban will
lower academic qualification of the student body given race-blind admissions
that satisfy the racial quota.

The rest of the paper is organized as follows. Section 2 develops the
theoretical model. Section 3 discusses the properties of our model with and

*The results in Epple, Romano, and Sieg (2003) suggest, however, that the set of universities
that gives preferential treatment to minorities is large.
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without affirmative action. Section 4 explores the quantitative implications
of the model considering a hypothetical ban of affirmative action policies.
Section 5 offers some conclusions.

2. Theory

We develop a theoretical model of provision of higher education.* The model
considered here builds on Epple, Romano, and Sieg (2002, 2006). The econ-
omy consists of colleges and potential students.

2.1. Students

A potential student is characterized by three variables: race (r), household
income (y), and ability (). We will frequently refer to potential students as
just students, when it is clear by context whether they attend a college or not.
We specify “race” to be dichotomous, white (w) or nonwhite (nw). Let I'",
r € {w, nw}, denote the proportion of potential students of race r in the
economy.

ASSUMPTION 1:  The joint distribution function of income and ability for race r,
I7 (b, y), is continuous with support S = (bmin, bmax) X (0, Ymax) and density

ST, y).
Let

Sy =Y T [y (1)

r=w,nw

denote the population density of (b, y).

Students have preferences defined over anumeraire x and college quality
¢, given their ability. The numeraire is given by x = y — p, where p denotes
tuition if a college is attended.

ASSUMPTION 2:  Student utility U = U(x, q, b) is independent of race and an
increasing and twice differentiable function in its arguments.

We are thus assuming that preferences do not vary with race.’ Differences in
outcomes across the races derive solely from differences in their distributions
over (b, y) and not from differences in preferences for education.

*Closely related to this line of research is recent research that investigates normative and
positive consequences of competition in primary, secondary and higher education, and the
likely effects of policy changes including vouchers, public school choice, and changes in ed-
ucation financing. Recent theoretical studies include Caucutt (2002), Epple and Romano
(1998), Fernandez and Rogerson (1998), Manski (1991), Nechyba (2000), and Rothschild
and White (1995).

*We considered some alternatives to this in Epple et al. (2002).
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ASSUMPTION 3:  The utility function satisfies the following single-crossing assump-

tions:
9 (8U/3q>
M = 0. (2)
0x
and
3 <8U/8q>
dab

The first single crossing condition (2) corresponds to a positive income elas-
ticity of demand for educational quality, and the second (3) to a nonnegative
ability elasticity of demand for quality.®

Taking as given college’s tuition and admission policies, students choose
among their educational options to maximize utility.

2.2. Colleges

Students can attend college (if they are admitted) or choose an outside
option.

ASSUMPTION 4:  If no college is attended, q = qo, e.g., the educational quality of high
school.

Hence, the quality of the outside option is the same for everyone.” Thus dif-
ferences in educational outcomes are not driven in this model by differences
in outside options.®

There are J colleges, differentiated ex ante by their “endowment earn-
ings,” R;, i =1, 2,..., /. All nontuition earnings of a college make up R;,
including, for example, public subsidies.

*Complementarity of ability and educational quality is a common modeling assumption.
See, for example, Fernandez and Rogerson (2001) and Nechyba (2003).

"The outside option could also be a free two-year college where all members of the pop-
ulation of “potential students” attend the two-year or a four-year college. The extension
having a low fixed price of the two-year college is simple.

80ne could clearly argue that the outside option is not the same for all students. It is not
difficult to extend the analysis in this paper to allow for the outside option to depend on
student type. Admission and aid decisions of the lower ranked schools would be primarily
affected by this change since they compete for students for which the outside option is the
next best alternative. Affirmative action is most commonly practiced by the most selective
schools. Students attending these colleges have lower-ranked colleges as their next best
alternatives. Thus, allowing for type specific outside options would primarily affect our
analysis of affirmative action via general equilibrium effects.
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ASSUMPTION b5:  R; # R for all colleges i and j. Number the colleges so that Ry <
RQ < e < R]

Each college chooses tuition and admission policies and educational in-
puts to maximize a quality index.’

ASSUMPTION 6:  College quality is an increasing, twice differentiable, and quasi-
concave function of mean student ability (0), educational inputs per student (1),
a measure of student income diversity (D”), and a measure of racial diversity
(DR):

9 = ¢(0:, 1, D}, DY). (4)

There is no doubt that colleges care about at least two of the four variables
in our quality functions. Colleges clearly pursue students with higher abili-
ties, all else constant. The peer student-ability measure in the quality index
embodies an ability-related peer effect on educational quality that could op-
erate through several channels. This could be due to students learning from
one another in and outside of the classroom, enhanced competition among
students for grades, student-body effects on hiring and motivation of teach-
ers, or a variant of signaling Spence (1974). Colleges’ quality also obviously
depends on instructional expenditures per student.

More controversial is the assumption that college quality depends on
the diversity of the student body. This assumption is typically justified by
appealing to a “production function” argument; that is, student achievement
increases in a diverse environment. As already noted, the logic is that racial
diversity in student bodies promotes cross-racial understanding and breaks
down stereotypes, which better prepares students for an increasingly diverse
workplace and society. Socioeconomic diversity breaks down class barriers
and enhances the educational experience of all parties. Admittedly these
arguments are controversial.

Our racial diversity measure is

DiR — Finw/rnw (5)

assuming that nonwhites are the under-represented race in college i.' Hence
a college strives to have a student body representative of the population.
Similarly, a simple measure of income diversity that we adopt is

D] = /i, (6)

“Tuition to astudent can itself, of course, induce or prohibitattendance, so our specification
of a separate admission policy is for clarity and analytical convenience.

YIfI'™ > I'*, then nonwhites are “overrepresented” in college i, and increases in DX would
not increase (and perhaps decrease) college quality. But we restrict our analysis here to
cases with underrepresentation of nonwhites, as we find consistently in our computational
analysis.
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where p, is the mean income in the population, w; is the mean income of
students in college i, and we are assuming p; > (, as is empirically relevant.
Inclusion of an income “diversity” measure is motivated by empirical evidence.
In Epple et al. (2006) we find that such a specification of college quality helps
to explain the prevalence of need-based aid.

Costs of college i are given by

C(ki, I;) = I+ V(ki) + kili; (7)

letting k; denote the number of students attending. “Custodial costs” F + V
are independent of quality-enhancing educational inputs, implying an effi-
cient scale k* = argminkl C(ki, I;) / ki that is independent of /;.

ASSUMPTION 7: V(&) is a twice differentiable, increasing, and convex function in k,
ie, V', V" >0.

To prevent colleges from spending an infinite amount of resources on a
vanishing small number of students, we also assume that

ASSUMPTION 8: F > R; = max;R;.

Colleges take type (r, b, y)’s alternative utility as given when maximizing
quality. This assumption conforms to a competitive model and is further
discussed below. Let v; = v;(r, b, y, ¢;) denote a student’s reservation price
for attending a college of quality ¢;. That s, v;, satisfies

Ub, y — v, ;) = Ut (1, b, y), (8)

where U (r, b, y) denotes the beliefs that college i and the student hold about

the maximum alternative utility that type (r, b, y) can attain if the student

does not attend college ¢. Equilibrium requires that these beliefs are correct,

i.e., are consistent with optimization by other colleges as detailed below.
College i chooses an admission function

ai(r,b,y) € [0,1] 9)

that indicates the proportion of type (r, b, y) in the student population ad-
mitted. Let P; = {>;, =;, <;} describe college ¢’s preferences as to whether an
admitted student matriculates, where >; signifies strict preference of college
i, etc. Let

al(r, b, y) € [0,1] (10)

denote college 7’s beliefs about the proportion of type (r, b, y) that will
matriculate conditional on admittance, implying the college believes o;(r,
b, y) o' (r, b, y) of the type (r, b, y) will actually attend. At tuition p; to a
particular student, in equilibrium college ¢’s beliefs are
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L oif Uy —piginb) > Ut(r b, y)
1 if U(y—pi qib)=Urb,y) and >;
0 if U(y—=piqib)=Urb,y) and=;
0 if UQy—piqinb) < U b,y).

Note that beliefs about matriculation make sense only if «;(r, b, y) > 0,
hence are not specified if <;. Optimal tuition satisfies

[ﬁi(’? b’ y) - "Ul‘(V, b7 ¥, qi)]ai(b7 y)alm(bﬂ y) = 0. (12)

Lower tuition than v; to an admitted student would imply the student has a
strict preference for matriculating and college i could increase tuition and
thus 7; and ¢; while still attracting the student. Higher tuition than v; would
necessarily imply that ;" = 0 and would be suboptimal if the college prefers
a student’s attendance. Tuition to nonadmitted students is arbitrary, but it is
convenient to specify that p; equals their reservation price (with no effect on
equilibrium).

Given beliefs about matriculation and substituting p; = v;, college #’s
optimization problem is

max 0;, I;, oy /g, /T 13
HL_,L,MI'I]”,U,%(nb,y)61(z i oy /i, T /T) (13)

o' (r,b,y) = (11)

subject to a feasibility constraint
a;(r,b,y) € [0,11Y(7, b, y), (14)

a budget constraint
Z/am boy)al (b, y)vi(n b, y, g)T'f7 (b, y) dbdy+ R = C(ki. ), (15)
T Js

and identity constraints

ki = Z/Olz‘(f, b, y)a!"(r, b, )T (b, y) db dy (16)
— Js
1 m T er
0; = k_z Z/Sbai(r, b, y)e] (v, b, y)T'f7 (b, y) dbdy (17)
1 -
i = k—Z/yOli(r, b, y)al (r, b, y)T7f (b, y) db dy (18)
i = Js

1
rm = T /ai(nw, b, y)a!" (nw, b, y) L™ f™ (b, y) db dy. (19)

1
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College #’s optimum satisfies the following first-order conditions:

=1 >
a;i(r,b,y) | €[0,1] |asvi(r, b, y,¢q;) | = | EMC;(r, b, y), (20)
=0 <
where
— 4 (]9 ql‘«i qrt‘"w nw
EMCi(nw. b, y) = V' + L+ = (0; = b) + - (ni — y) + —— (I} = 1),
qr qr qr
(21)
EMCi(w. b, y) = V' + I+ L6, — ) + 2 (u; — ) + L. (22)
qr qr qr
and
qr
=—1 50, 3
ki —0T/01 (23)

where (20)-(22) hold for all student types, A; is the multiplier on the budget
constraint, and 7 denotes tuition revenues.!! Condition (20) describes the
admission policy, using what we call a student’s effective marginal cost of
admission (EMC). EMC for nonwhites and whites are defined, respectively in
(21) and (22), these differing only by the last term. The first two terms in EMC
equal the marginal resource cost of educating any student. The third term is
the academic peer effect, equal to the change in mean ability from attendance
by a type b student, multiplied by the resource cost of maintaining quality.
Note that this “cost” is negative for students with ability exceeding the college’s
mean ability. The fourth term quantifies the analogous effect on the income-
diversity measure. Note that since ¢,, < 0, this cost is positive (negative) for
students with income above (below) the college’s mean income. The last term
is the cost of the effect of admission on racial diversity, which can again be
analogously decomposed, but differs across the races. The cost of admitting a
student from the underrepresented race (nonwhite) is negative since I'* <
1, while positive for the overrepresented race.

The economic implication of (23) is that college ¢ spends more on edu-
cational inputs than the Samuelsonian level, as the latter would equate the
collective marginal willingness to pay in the college (equal here to % since
students pay their reservation prices) to the marginal cost (k;). Colleges value
educational inputs both for their revenue generating effect and for the di-
rect effect on quality. In equilibrium, colleges will be differentiated and have
some market power, allowing them to depart from student optimality (i.e.,
Ai < 00).12

"Local second-order conditions are satisfied in equilibrium provided V" is sufficiently high.
Students would prefer that colleges provide Samuelsonian levels of inputs and lower
tuition.
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2.3. Equilibrium

To define a market equilibrium, it is necessary to determine the equilibrium
alternative utility functions and beliefs about matriculation of each college,
and to consider competitive interaction between colleges. We assume that
colleges are utility takers and students take college policies and qualities as
given. The assumption of utility taking by colleges is a generalization of price
taking that has been utilized in the competitive club goods literature.'® In
equilibrium, the alternative utility and thus reservation price functions of
each college and their beliefs about student matriculation must be consistent
with utility maximization and the actions of the other colleges. We refer to
the set of colleges that admit a student in equilibrium along with the outside
option as the effective choice set of a student and denote it](r, b, y). More
formally,

J(r b, y) = {ilai(r, b, y) = 1} U{0}. (24)

Knowing the colleges in the effective choice set allows us to characterize
alternative utilities and impose the equilibrium restriction that alternative
utility functions must be consistent with optimal choices. In summary, the
economy is defined as follows:

DEFINITION 1:  The economy E of our model consists of an outside option with quality
qo; a college quality function q(-); a set of colleges {1, ..., ]}, a vector of endow-
ment incomes (R, ..., R;) and a cost function C(k, I); a discrete distribution
of racial types, a conditional continuous distribution " of household types (b, y)
for each race v; and a utility function U(y — p, q, ).

A competitive (utility-taking) equilibrium for this economy can then be de-
fined as follows:

DEFINITION 2: A competitive equilibrium for this economy E consists of a set of admis-
sion and pricing functions, o;(r, b, y) and pi(r, b, y), an alternative utility
Sfunction U (r, b, y) for each college, a vector of college characteristics (k;, 0;,
uf ,1i, D;) foreach college; a set of matriculation functions o' (r, b, y); and an
allocation of students into the | colleges and no college such that:

1. Every student (r, b, y) is allocated to a preferred option in his or her effective
choice set.

2. Each college chooses ils size, peer quality, diversity measures, expenditures, as
well as admission and tuition policies to maximize quality, taking as given its
endowment, alternative utility function, and beliefs about matriculation.

BThis assumption has substantial precedence in the club good literature with nonanony-
mous crowding. See the discussion in Scotchmer (1994).
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3. Beliefs about alternative utilities and matriculation are consistent with optimal
choices. Letting po = 0, for each household type (r, b, y) and each college i:

A
Uf(r,b,y) = max U(b,y—pj, q)) (25)
J#6J€] (rb,y)
Thus the maximum alternative utility is the maximum over the outside option
and the next best college alternative taking qualities, tuitions, and admission
policies as given.

4. Each student attends at most one college; that is, markets for the [ colleges clear:

J
Zai(r, b, ya"(r,b,y) <1 (26)

=1

where types for whom the inequality is strict are attending no college.

Equilibria exist for sufficiently different college endowments and can be com-
puted numerically as discussed in detail in Epple et al. (2006).1* We show
there that beliefs must be as specified in (11).1°

3. Properties of Equilibrium

3.1. Equilibrium with Affirmative Action

Next we summarize the properties that equilibria must have if affirmative
action policies are feasible; that is, if colleges can condition admission and
aid policies on race as assumed in the previous section.

PROPOSITION 1: An equilibrium of this model has the following properties:

1. There is a strict educational quality hievarchy: q; > q;-1 > -+ > q1 > qo.

"“While we do not have a uniqueness proof, we consistently find equilibrium to be unique
in our computations. The intuition for uniqueness is the following lines: The hierarchy
among colleges is exogenously determined by the endowments. That rules out the most
obvious source for multiplicity. Given the ranking of the schools, the size of school is largely
determined by the shape of the cost function as long as the market is fairly competitive.
The composition of each school reflects preferences for diversity and peer ability.

YThe upper and lower lines of (11) must obviously be satisfied for college beliefs to be
consistent with optimal student choices. More subtle are the middle lines of (11), which
specify the character of tie breaking that is necessary for existence of equilibrium. Colleges
will charge students that they strictly prefer will attend their reservation prices. These
students need to attend or the college would reduce tuition; but no such tuition exists. This
is why beliefs (and student behavior) must satisfy the second line of (11). The third line of
(11) permits colleges to offer admission to students for whom the college is indifferent to
attendance at the margin at the students’ at EMC. This allows determination of alternative
utilities. As noted, this is a matter of tie breaking. The beliefs and corresponding student
behavior are consistent with college and student optimization.
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2. There are nonoverlapping attendance sets for a given race, i.e., given 1, the set
of (b, y) types that attend college ¢ and college j # i (or no college if j =0) is
of measure 0.

3. We refer to a locus in the (b, y) plane that partitions attendance sets as a
“boundary locus.” Tuition policies satisfy

a. Along a boundary locus of college i, p;(r, b, y) = EMC;(r, b, v).

b. In the interior of college i’s attendance set (i.e., off boundary loci), p;(r,
b, y) > EMC;(r, b, y).

¢. Equilibrium student choices are the same as would vesult if p;(r, b, y) =
EMC;(r,b,9),i=1,2,...,mn, forall (v, b, y), all else constant. That
is, if student (1, b, y) chooses option i in equilibrium, then

U(y - EMCi’ Qi, b)

> max |: 1ma]x‘?é.{U(y — EMCj, qj, b), U(y, b, l]o)}i| (27)
=L, sJF
with strict inequality in the interior of attendance sets.
d. Alternative utility to college i is given by:

U (1, b, y)

= max|: max {U(b,y — EMCj, q;), U(b, y, qo)}:| . (28)
J#4, J€J (1:6,)

The proof of Proposition 1 is similar to the one reported in Epple et al.
(2006) and is therefore omitted.'® A central property of equilibrium is that
the tuition any college student pays is such that their utility is the same as
if they select among the free outside option and other colleges with tuition
equal to effective marginal cost. This follows from Proposition 1.3 (d), (8),
and that equilibrium tuition equals reservation price. While college students
pay their reservation price at the college they attend, it is constrained by
competitively priced alternatives.

We now characterize the effects of affirmative action afforded to members
of the underrepresented race who attend college in equilibrium. We assume
that the (b, y) distributions differ across races so that no attention to race
would cause underrepresentation of the minority in all colleges.17 We have
the following result:

PROPOSITION 2:  Given minority underrepresentation-in all colleges, affirmative
action implies the following equilibrium properties:

a. Higher Utility. Members of the underrepresented race who attend college have
higher utility than those from the other race with the same (b, y), with the

'“Below we provide a numerical example which illustrates these properties.
"This arises for realistically specified distributions as we show below.
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exception of those from the under-represented race with no college as their best
alternative (who have the same utility as their counterparts from the other race).

b. Lower Tuition. Members of the under-represented race with the same (b, y) and
in the same college as members of the other race pay lower tuition, with the
exception of those from the under-represented race who have no-college option as
their best alternative (who pay the same tuition as their counterparts from the
other race).

c. Higher College Quality. If the shadow value of racial diversity rises along the
college quality hierarchy, i.e., if qrm/q;. increases with i, then, for given (b,
), the quality of education is at least as high for the under-represented race.

A proof of this proposition is given in the Appendix.

Minority students whose best alternative is another college have higher
utility than their majority counterparts because both have access to other col-
leges at EMC, but minority students have lower EMCs. It is the desirability
of minorities to promote diversity combined with competition for them that
underlies Proposition 2a. The reason members of the under-represented race
who attend college and have no college as their best alternative are not better
off than their counterparts from the other race is that colleges price away sur-
plus and utilities are the same across the races in the no-college alternative.
Lower tuition to minorities in the same college is again explained by their
having higher utility alternatives (with the analogous exception). A minor-
ity might, however, attend a different college than his majority counterpart.
Proposition 2c¢ provides a sufficient condition such that gains to the under-
represented race entail weakly higher quality education. While the condition
is not necessary for this result in general, absent it a nonwhite might choose
to attend a lower-quality college than a counterpart white, obtaining utility
gains due to a sizable tuition break. It is important to keep in mind that the
relatively more favorable outcomes for nonwhites we find in equilibrium de-
pend on the “lower” distribution of (b, y) associated with nonwhites. In our
model, if (b, y) = f™ (b, y), then outcomes are race neutral. While some
nonwhites with the same (b, y) as whites are better off due to affirmative
action for realistic parameter values, nonwhite presence in colleges will be
proportionally lower than for whites, so we do not mean to imply nonwhites
are better off as a group.

3.2. Proscription of Affirmative Action

We model the proscription of affirmative action practices by colleges as re-
quiring that college policies are race blind. Even the Supreme Court decision
that upheld the limited use of race in Michigan’s law school admissions sug-
gested a time limit on such practices so a ban is not unlikely.!® A college’s

"®The majority opinion in Grutter vs. Bollinger et al. (2003) stated, “Finally, race-conscious
admission policies must be limited in time.”
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admission and tuition policies are then restricted to be functions of (b, y)
only. Colleges will factor the informational content of (b, y) about race into
their decision calculus in an effort to promote racial diversity.

We take the position in our analysis that, under a ban on affirmative ac-
tion, a college could not legally employ correlates with race in admissions
that are otherwise educationally irrelevant. Colleges might, for example, use
student addresses in admissions to largely circumvent a ban on affirmative ac-
tion. But such practices would clearly be a pretext, well established in U.S. law
to be actionable. Hence, we permit only use of student variables in admissions
that are otherwise educationally relevant, that is, (b, y) in our model.!?

Since the races are treated the same, the reservation price function is also
race blind: v; = v(b, y; ¢;). College i now solves

q(0i, Ly pay/pi, T/ T) (29)

91,11’,%,1:?1?,”)’%,%(5,)')
subject to a feasibility constraint
a;(b, y) € [0,1]¥(b, y), (30)
a budget constraint

/Sv(b, ¥, Qai(b,y) (b, y) f(b,y) dbdy+ Ri = C(k;, L), (31)

and the following identity constraints

ki = /Sai(b, v (b, y) f(b,y) dbdy (32)
0= - [ bty 0 3) 10 ) vy (33)
wi= [ et ar o) £0,0) by (34)
rm — kli/Soei(b,y)al-m(b,y)r‘"’”f"“’(b,y) db dy. (35)

The next proposition characterizes colleges’ responses to the prohibition
of affirmative action:

“Manipulating the use of (b, y) in admissions due to racial diversity motives might, as well,
be deemed illegal. But this would be more difficult to prove. An interesting legal-economic
issue concerns the bound on what would be feasible in admissions under a ban. As noted,
we model the case where only nonrace characteristics that are educationally relevant could
be used, but without further constraint.
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PROPOSITION 3: When affirmative action is prohibited, colleges will try to achieve
the diversity objective by exploiting the fact that income and ability are corvelated with
race. As a consequence, admissions and aid decisions will reflect the fact that ability
and income provide signals of race.

Proof:  Solving the college’s race-blind optimization problem, the admission
policy satisfies

=1

a;(b,y) | €[0,1] as v(b,y,q)
=0

EMC;(b,y), (36)

AV

where

EMCi(b,y) = V' + I, + ?(ei —b) + D -y
I

qr
- [ frw
I (r;@w_&) (37)
qr S(b,y)

The race-blind EMC is analogous to equations (21) and (22), except
for the last term. With and without affirmative action, the last term in
EMC measures the cost of admitting a student type on racial diversity,
but now using (b, y) as a signal of race. Multiplying the term in paren-
theses at the end of (37) by 1/k;, one has the expected change in the
diversity measure I'7" from increasing «; (b, y)a;" (b, y) f(b, y), which
is then multiplied by the dollar cost of maintaining quality (k; q;[ ).
Admitting types (b, y) with proportion of nonwhites in the population
of potential students exceeding the college’s proportion of nonwhites
(e fmey/ f > T') improves racial diversity, with then negative diversity
cost. The diversity costis positive (or zero) for the remaining set of student

types. H

4. Quantifying the Effects of Banning Affirmative Action

To provide evidence regarding the quantitative effects of a ban on affirma-
tive action, we employ a computational counterpart to the theoretical model
above. In calibrating the model, we seek to characterize the distributions of
income and “abilities” by race for the U.S. population. In doing so, we employ
data from the U.S. Census, data purchased from Petersons that is a survey of
the universe of colleges and universities, data from the NSF WebCASPAR
system, and data on a sample of college students from the National Postsec-
ondary Student Aid Survey of the National Center for Education Statistics
(NCES).

We focus in this paper on the entire market for higher education. We
define the relevant market as consisting of all public and private four year
colleges and universities. We also include an outside option, which allows
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study of the effects of affirmative action on participation decisions. While
affirmative action is most common in the most selective colleges and univer-
sities, it is large in scale. It is therefore plausible to assume that affirmative ac-
tion affects colleges and universities that do not directly pursue these policies
because of general equilibrium effects. To capture these general equilibrium
effects, one needs to model all relevant alternatives. 2

The computational model has five “colleges” in addition to the noncol-
lege option. Data for nonwhites are obtained by combining data for African
American and Hispanic students and households. We set the proportion of
nonwhite potential students to 0.20, using 2000 Census data on household
proportions. The income distribution of each race is taken to be log-normal.
The parameters of the income distribution for each race are chosen to match
mean and median incomes in the U.S. population. ThisyieldsIn(y) ~ N (9.92,
0.764) and In(y) ~ N(9.85, 0.746) for whites and nonwhites respectively.

We use scores on SAT (and adjusted ACT) to proxy for student abil-
ity, which is obviously problematic and controversial.?! The race-conditioned
distributions of ability are for the populations of potential students. The distri-
butions thus characterize the ability of college attendees as well as predicted
scores of those who do notattend college. The parameters of the distributions
of ability in the model are chosen so that the means and variances of In ()
conditional on college attendance in computed equilibrium equal the means
and variances of total SAT (in thousands) for white and nonwhite colleges
attendees in the NCES data. This yields In (&) ~ N (0.924, 0.190) and In(5) ~
N (0.735,0.20) for whites and nonwhites respectively. The correlation of In(y)
and In(b) for each race is set equal to the correlation for the population of
students in the NCES data, yielding a correlation of 0.25.

College endowments per student are chosen to correspond to those in
the NSF WebCASPAR data. Colleges are ranked by SAT score and combined
into five groups with an equal number of students in each group. To com-
pute endowment per student we assume that a draw of 2% per year from
endowment is allocated to undergraduate education. This yields endowment
income per student of $155, $243, $386, $755, and $4149 for the five colleges.

The combined utility and quality function is chosen to be Cobb Douglas:

U= (y—p)qb” (38)

with

“Epple et al. (2006) only consider private universities.

21Ability is, of course, to be understood as college preparedness. No single measure of
college preparedness is likely to be a good one, but we examine SAT score to maintain
simplicity and because it is widely used in admissions. In a working paper version of this
paper, we have extended the basic analysis to allow SAT score to be mitigated as a signal
of academic potential by hardships students face while growing up. Here minority status
can potentially serve as a signal of hardship, providing colleges with another incentive to
encourage minority attendance.
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q= 192093 (DJ')¢4 (DR)¢5. (39)

For the analysis presented here, ¢1 “drops out” in all computations and need
notbe calibrated. The parameters we need to calibrate are thus the exponents
on inputs, mean ability, income diversity, and racial diversity. We choose these
parameters and the quality of the outside option so that the computed equilib-
rium proportion with affirmative action of college attendance of the two races
combined corresponds to that observed in four-year colleges in the United
States (estimated to be 28.2%) and equilibrium average cost per student ap-
proximately equals average instructional expenditures reported in the NSF
WebCASPAR data.

The parameters of the utility—quality function are also chosen so that
equilibrium shadow prices on income, score, and race correspond roughly
to magnitudes we obtained from Tobit. regressions of financial aid on those
variables using the NCES data.?> The exponents on inputs, mean score, in-
come diversity, and racial diversity in the quality function are 0.0705, 0.0825,
0.02, and 0.0029, respectively.

The custodial cost function F + V (k) is a cubic polynomial. Parameters
are chosen to generate colleges that are roughly equal in size and to yield aver-
age custodial costs that are approximately one fourth as large as instructional
expenditures per student. The complete cost function is: 33.43 + 200k +
2,043 k> + 925,000(k — k*)3 + Ik. The efficient scale in the chosen function
is k* = 0.069.

The top panel of Table 1 summarizes the equilibrium when affirmative
action is permitted. Nonwhites are underrepresented in each college. Note
that the shadow prices (sp) on racial diversity ascend in the equilibrium. From
Proposition 2c it then follows that the quality of education for nonwhites is
at least as high as for whites for given (4, y). This in turn is illustrated by a
comparison of the boundary loci for whites and nonwhites. The boundary loci
are overlaid in Figure 1 to facilitate comparison of the admission spaces. For
each race, those types above the most northeasterly boundarylocus attend the
highest-quality college. The “diagonal slices” as one moves towards the origin
delineate the student bodies of progressively lower-ranked colleges, and the
largest set below the bottom boundary locus do not attend college. The upper
boundary loci for nonwhites relative to whites illustrate the improved access
by same (b, y) nonwhites to quality colleges as a result of affirmative action.
A comparison of average SAT scores and average incomes across colleges in
the upper panel of Table 1 provides further illustration.?

#“Those estimates were an approximate $1,100 increase in financial aid per standard devia-
tion of SAT, $30 dollar reduction in aid per $1,000 increase in family income, and financial
aid to nonwhites relative to whites of $1,500 (Epple et al. 2003).

*Income stratification for any ability results in this specification if quality multiplied by
one plus the shadow value of income increases along the college quality hierarchy. This
condition is satisfied here.
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Figure 1: Boundary loci for nonwhites and whites when affirmative action permitted.

Table 1 also reports shadow prices (sp) for SAT score, income, and race,
thatis, the coefficients on these variables in EMC. By analyzing the variation of
tuition with income and ability within colleges for this equilibrium, we have
established that these shadow prices correspond closely to actual variation
in tuition with student characteristics in colleges 1 through 4 in computed
equilibrium. Those colleges thus have little market power, with tuitions closely
approximating effective marginal costs. In college 5, the marginal increase in
tuition with income is approximately twice as large as the shadow price. The
marginal decrease in tuition with score is approximately half the shadow price
on score and the discount to nonwhites is approximately half the shadow price
on racial diversity. These features of pricing in college 5 reflect the greater
market power of the top college as compared to the remaining colleges, as it
faces competition only from lower-quality colleges.

The bottom panel of Table 1 reports the equilibrium outcomes when
affirmative action is proscribed. This change results in a 35% drop in col-
lege attendance by nonwhites. This drop is particularly pronounced in the
higher-ranked colleges and is accompanied by a dramatic increase in the
shadow price on racial diversity along the quality hierarchy. In the top col-
lege, the attendance by nonwhites drops by two thirds, and by about half in
the second highest-quality tier. Recall that in our computational model, the
top “college” represents the top tier of institutions. In the computed equi-
librium the top college is attended by approximately 13.5% of the college
student population. The second tier of colleges comprises about 19.5% of
the college population. Obviously, impacts on minorities are substantial. The
computational analysis supports the conclusion that the effects of proscribing
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Figure 2: (a) Boundary loci for whites with and without affirmative action. (b) Boundary
loci for nonwhites with and without affirmative action.

affirmative action will be substantial and will be increasingly pronounced as
one moves up the college quality hierarchy.

Admission spaces with and without affirmative action are shown by race
in Figure 2. The solid lines are the boundary loci when affirmative action is
permitted, the same as in Figure 1. The dashed lines, common to both races,
delineate admission spaces when affirmative action is proscribed. Where the
loci are shifted upward by a ban on affirmative action, college access is more
restricted and conversely where the loci have shifted downward. A combina-
tion of three effects on effective marginal cost of admission of type (b, y)
from proscribing affirmative action, discussed below, explains the changes in
the admission spaces in Figure 2. Without affirmative action, (b, y) types with
higher ratio of nonwhites in the population than in the college have lower
EMC and are then relatively preferred by the college.

Figure 3 shows the boundary loci (solid) under the ban, again the same
for both races, and introduces contours (dashed) with constant ratios of
nonwhites. Admission of relatively higher-income and higher-score types will
worsen diversity, and the reverse for relatively lower-income and lower-score
types. As seen in Figure 2, colleges modify their admission policies as they
accept lower-scoring types with high and moderately high income, students
who are relatively likely to be nonwhite, leading to the hump-shaped bound-
ary loci without affirmative action. A second effect is that, relative to when
affirmative action is permitted, the signal of race is weakened under the ban,
this increasing EMC under affirmative action for nonwhites and decreasing
it for whites. This signal weakening corresponds to the loss in power to dis-
count tuition to nonwhites and charge a premium to whites. The third effect
is the change in the shadow value of racial diversity, which rises in equilibrium
under the ban in all colleges. The three effects approximately offset at high
scores for whites, which implies higher EMC for the same (b, y) for nonwhites
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Figure 3: Boundary loci when affirmative action proscribed and contours of constant
density of nonwhites relative to whites.

due to the opposite direction of the second effect. For high scores, boundary
loci are approximately the same for whites but shift out at high incomes for
nonwhites (see Figure 2). For whites, a ban on affirmative action improves
college access particularly for those with relatively lower incomes and scores.
For nonwhites, the shift is generally toward more restricted access except for
those with relatively higher incomes and lower scores.

The upward sloping segment of the boundary loci under the ban raises
the issue of incentive compatibility since some students might under-perform
on the exam to gain access to a higher quality college. The equilibrium allo-
cation in Table 1 is, however, incentive compatible with respect to claiming a
lower b than the actual value. In the equilibrium, we have verified that tuition
declines with b in each college for given y. Hence, no student who would stay
in the same college with a lower score would claim to have such a b. Neither
would a student who would attend a higher quality college with a lower score
under-report . Utility of a student reporting a lower b while staying within
any college declines as we have discussed, and utility of a student reporting a
b that places him on a boundary locus is the same in each college (as is easily
shown). Combining the latter facts implies incentive compatibility.?*

We are aware of no evidence that supports the “backward bending” prop-
erty that our model predicts for admission policies under the ban. The equi-
librium attendance at better colleges of less qualified candidates with middle
range incomes might not be acceptable in practice. Hence, one might extend

A5 pointed out by one of the referees, the incentive compatibility constraints would need
to to be imposed directly in the analysis with a more general model. For example, a model
with additional sources of preferences heterogeneity would require this approach.
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the analysis by imposing constraints on admission and tuition policies that
prevent such an outcome. This is a nontrivial extension in our model be-
cause admission and tuition policies must be simultaneously constrained so
that equilibrium matriculation rules out the backward bending attendance
property.”> However, we believe that such a constraint would not change very
much our computational findings because the mass of students that are af-
fected by the backward bending admission curves is small in our numerical
example.

A comparison of the two panels in Table 1 reveals the ban on affirmative
action results in an increase in average SAT scores of nonwhites in lower-
ranked colleges and a decline in higherranked colleges. This is a conse-
quence of the reduced access of nonwhite students to higher-ranked colleges.
Note that average SAT among all students declines in the higher ranked col-
leges. This is, of course, because colleges resort to inefficient means to attract
minorities. We also see an increase in average income for nonwhites relative
to whites in colleges. To understand this phenomenon, first note that along
the downward sloping portion of boundary loci (where most students fall),
tuition declines as score rises, hence the minimum income level for atten-
dance also declines with score. This, equal treatment of the races under a
ban, and more whites having higher scores induces the change in relative
incomes of nonwhites to whites in colleges.

The effects on household welfare are exhibited in Table 2.2 These are
expressed as the within cell mean of the compensating variation from elimi-
nating affirmative action relative to household income, the cells defined by
the racially dependent deciles of the (b, y) distribution. The effects on welfare
are generally favorable for whites while unfavorable for nonwhites.?” Given
the relative magnitudes of the shifts in boundary loci, it is not surprisingly that
the welfare effects for nonwhites are proportionately larger than for whites.
The per capita compensating variation (not as a percentage of income) is
only —$8.90, with per capita amounts by race equal to $33.32 and —$177.82
for whites and nonwhites respectively. The latter values are misleading be-
cause they include potential students who do not attend college in either
equilibrium and are unaffected by the ban. Conditioning on the attendance
at college initially, the means by race rise to $111.81 and —$859.03.28 Thus,
we find that the predicted distributional effects are quite large.

®A constraint on just admissions itself, e.g., (b, y) > a (¥, y) for b > ¥, is meaningless
without also constraining tuition.

*We have also specified an educational attainment function and computed the effects of
the ban on educational achievement. These results are not presented here to conserve
space and are available upon request from the authors.

*"The prevalence of zeros in Table 2 is, of course, due to the fact that the majority of students
do not enroll in college under either policy regime.

#Whites who attend college without affirmative action is 29.8%, and nonwhites attending

is 20.7%.
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Table 2: Welfare Effects

Average within Cell of CV/Income
Rows are Deciles of Income and Columns are Deciles of Score

Whites
0 680 764 824 876 924 973 1024 1085 1168 1600
$7,638 0 0 0 0 0 0 0 0 0 0.01
$10,689 0 0 0 0 0 0 0 0 0 0.01
$13,621 0 0 0 0 0 0 0 0 0 0.01
$16,755 0 0 0 0 0 0 0 0 0 0.02
$20,333 0 0 0 0 0 0 0 0 0 0.05
$24,675 0 0 0 0 0 0 0 0 0.01 0.14
$30,353 0 0 0 0 0 0 0.03 0.13 0.22 0.14

$38,677 0.01 008 0.18 0.26 031 035 034 026 0.18 0.09
$54,128 098 077 059 046 036 029 0.23 0.17 0.1 0.04

Inf 0.88 049 035 025 0.19 0.14 0.09 0.04 0 —0.04

Nonwhites
0 479 567 630 684 735 786 840 903 991 1600
$5,591 0 0 0 0 0 0 0 0 0 —0.04
$7,763 0 0 0 0 0 0 0 0 0 —0.05
$9,836 0 0 0 0 0 0 0 0 0 —0.09
$12,040 0 0 0 0 0 0 0 0 0 —0.16
$14,545 0 0 0 0 0 0 0 0 0 —0.34
$17,571 0 0 0 0 0 0 0 0 0 —0.67
$21,508 0 0 0 0 0 0 0 0 0 —1.55
$27,251 0 0 0 0 0 0 0 —-0.09 —-0.74 —-3.43
$37,837 0 —-0.08 —-0.24 —-047 —-0.77 —-1.13 —-1.61 —2.28 —298 —3.79

Inf —-0.25 —093 —-127 -15 -—-1.7 -1.87 —2.02 —2.18 —-2.39 —-2.76

5. Concluding Remarks

Independently of what one thinks about the desirability of racial diversity
and affirmative action, our analysis indicates that a ban of affirmative action
and the resulting adoption of race-blind admission policies will likely have
a substantial impact on the racial composition of colleges, the educational
achievement of minority students, and the distribution of gains resulting
from higher education in the population. The racial composition of the most
selective colleges in the United States is predicted to decline drastically and
minority presence in all colleges is predicted to drop substantially.

We view the model developed in this paper and our main results as promis-
ing for future research. An interesting extension of our model allows for
additional sources of unobserved heterogeneity. Our specification does not
contain additively separable idiosyncratic errors in the utility function as typ-
ically assumed in random utility models. If we were to add these error terms
to our specification of the utility function, the resulting model would more
closely correspond to a model developed by Anderson and de Palma (1988).
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One can also explore different specifications of student preferences for di-
versity. For example, it is distinctly possible that some students do not care
about diversity, especially if diversity does not directly affect their achieve-
ment. We have explored this to some extent in Epple et al. (2002) but have
not examined the consequences of a ban on affirmative action.

Alternatively one could explore a richer characterization of student abil-
ity along the lines suggested by Sarpca (2006). Treating ability as multi-
dimensional would be especially interesting for the analysis of a ban of affir-
mative action since it offers more scope for colleges to pursue their diversity
objectives. Another avenue for further research would examine affirmative
action and a ban on it when colleges are constrained to charge the same
tuition. This might arise when state or national policies set tuition and the
private market plays a more limited role. Disallowing price discrimination
would likely reduce minority presence when race can be used in admissions
because minorities have lower incomes. Under a ban on affirmative action,
colleges would still use income and score as a signal of race. Our intuition is
that disallowing price discrimination would also undermine to some extent
the use of such signals as substitutes for race because tuition discounting pro-
vides more scope to attract students. Finally, one could consider a version of
our model in which not all universities are proscribed from using affirmative
action. For example, a ban on affirmative action may only be imposed on
schools receiving state funding.

Appendix

Proof of Proposition 2:

(a) For convenience, define effective marginal cost for the outside option
to be identically zero: EMCy(r, b, y) = 0. We show first that, if a student
(r, b, y) attends college ¢ in equilibrium, then p; = v; satisfies:

Uy —pi(), gi, b) = ax  U(y — EMC;(-), q;,0) (Al)

m
j=0,1,2,....[;j#i

Since «; o' > 0 in equilibrium, (11), (20), and market clearance im-
plies p ;(-) < EMC;(-) forall j # i. If p;(-) exceeds the value satisfying
(Al), then v; > EMC(-) for some college j # i, a contradiction (or
the no college option is preferred to i, also a contradiction). If p;(-)
is below the value satisfying (Al), then, since p ;(-) < EMC;(-) for all
j# 1, pi(-) <wv;,acontradiction to quality maximization by college i.
This establishes (Al). The result then follows since EMC ;(nw, b, y) <
EMC j(w, b, y) for all j # 0 and EMCq(nw, b, y) = EMCy(w, b, y).

(b) This follows as well from the proof of part a of this proposition.
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(c) Suppose the alternative, which by Proposition 1 implies:
U(y = EMCi(r, b, y), qi» b)
> (2)U(y — EMCj(1, b,y),qj,b) forr=w(nw), (A2)

forsome (b, y) and colleges iand j having ¢; > ¢ ;. To simplify notation
here, let z; = (¢rm+/qr); denote the shadow value of racial diversity.
Given the first inequality in (A2),

U(y — EMC;(w, b, y) + z;, ¢i, b)
> Ul(y —EMC]'('LU, b,y) + Zjs 4> b)
= U(y — EMC;(nw, b, y), q;, b), (A3)

the inequality in (A3) by normality of demand for quality (see (2))
and the equality by definition (see (21) and (22)). By supposition,
z; — z; > 0, this with (A3) implying:

U(y — EMC;(w, b, y) + z;, qi, b) > U(y —EMC]-(nw, b,y), q; b).
(A4)

Since the left-hand side of (A4) equals U(y — EMC;(nw, b, y), q;,
b) (again by (21) and (22)), we have a contradiction of the second
inequality in (A2), implying the result. W
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