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EDUCATIONAL VOUCHERS AND CREAM SKIMMING

1. Introduction. Educational reform proposals that would use vouchers to enhance market
provision of education are becoming about as frequent as state legislative sessions themselves.
They stir passionate debate. Proponents of voucher systems espouse the power of market forces
to weed out inefficient providers and increase school productivity. Critics forecast deleterious
effects on poorer and less able:’students. One of their worries is that the higher quality schools
will "cream skim" the richer and higher-ability students while consigning less-fortunate students
to weaker and weakened schools. This paper scrutinizes these claims.

We build on the model developed in Epple and Romano (1998) where peer effects make
school quality dependent on the ability composition of a school's student body. We analyzed the
simplest form of a voucher system, a fixed cash award to those who opted out of the public
sector, and found some support for the concern about cream skimming. Such a voucher system
promoted a quality hierarchy of schools, associated with income and ability stratification across
the school hierarchy. This model admitted no productive inefficiencies, eliminating the
possibility that vouchers might increase school productivity.

Here we examine general voucher systems that can condition student awards on student
characteristics, while also allowing for productive inefficiencies in the delivery of education. We
find support for both sides of the voucher debate. Since vouchers will stimulate private school
competition, we affirm the obvious claim that technical inefficiencies can be reduced. More
subtle is the connection between characteristics of the voucher system and the partition of
students into schools. Voucher systems that place no restrictions on school tuition or admission
policies will induce a school quality hierarchy, unless they are so (absurdly) radical as to largely
eliminate household income differences. In particular, vouchers that vary with student ability are
not enough to eliminate stratification.

3 Assuming a policy goal of vouchers is to provide a high and equal-quality education to

all, we then examine how this mi ght be enacted. A voucher that decreases with student ability



and requires schools to accept the voucher as tuition can engender an equilibrium with
technically efficient and equal-quality schools. The latter system will, however, either require
large average vouchers and a high tax rate to finance them or mandatory participation in the
system. Some households would be worse off with the latter voucher. This leads us to consider
a voucher system with limited budget intended to improve schooling quality and household
utility, and that allows students and schools to opt out. We show that productivity gains can be
realized without increases in public finance of education, while avoiding cream skimming and
improving outcomes for everyone or nearly everyone.

The related theoretical literature has focused mainly on flat-rate vouchers. One set of
papers is primarily concerned with consequences of vouchers that partially offset the cost of
private education on per student expenditure in public schools [Rangazas (1995), Epple and
Romano (1996), and Hoyt and Lee (1998)]. Epple and Romano (1998) emphasizes peer effects
and impacts on private-school tuition structure and composition, and is reviewed below. Caucutt
(1998) pursues a similar analysis of vouchers to the latter, but allows households to randomize in
school choice which resolves an existence problem we discuss later. Nechyba's (1999, 2000,
forthcoming) model also has peer effects and further investigates the effects of voucher-induced
migration on tax bases and local public provision in multiple jurisdictions. Manski's (1992)
relatively early analysis of vouchers allowed rent seeking by public providers of education.
McMillan (1998) develops a model where vouchers can worsen rent seeking in public schools.
Another set of papers compares pure voucher regimes, i.e., with no public sector, to public
provision alternatives (Bearse, Glomm, and Ravikumar, 1996) and some of these papers focus on
dynamics [Glomm and Ravikumar (1995) and Gradstein and Justman (1997)].

This paper differs fundamentally in its departure from flat-rate systems and focus on
voucher-system design. Nechyba (2000) and Caucutt (2002) examine consequences of targeting
of vouchers to low-income types, one possible form of an alfemative voucher design.! Eden
(#992) examines educational policy design in a two-type model of pure private provision with

peer effects and educational achievement externalities. He derives results related to ours



concerning voucher systems that are effective or ineffective in promoting mixing of students,
with the underlying factor being the educational achievement externality. Critical to our results
are differences in household income and demand for education, which are not elements of Eden's
analysis.’

Section 2 describes the theoretical model which extends Epple and Romano (1998) by
allowing a student’s achievement to vary not only with own and peer abilities, but also with
educational expenditures. Sec:cion 3 develops equilibrium properties of the public-sector,
private-sector equilibrium withmno vouchers or with flat-rate vouchers. A computational model is
also described that we employ to illustrate and quantify results throughout the paper. We show
that as in Epple and Romano (1998) stratification or cream skimming is a real concern. Section 4
examines vouchers conditioned on student characteristics but without any restrictions on school
policies. Motivated by the failure of realistic versions of the latter vouchers to promote
competition without substantially increased stratification, Section 5 adds restrictions on school
policies. A simple tuition restriction combined with ability-linked vouchers induces equal-
quality, competing, and technically efficient schools. Section 6 shows how these results carry
over when students and schools can opt out of the system, including Pareto-improved outcomes
relative to the (no-voucher) status quo. Section 7 concludes. An appendix contains some of the

technical analysis.

2. The Model.
A. Household and Educational Technology. The model of educational provision builds on

that in Epple and Romano (1998).* Ignore vouchers for now, which are introduced below.
Household income is denoted y, and each household has a student of ability b. The joint
marginal distribution of ability and income in the population is denoted f(b,y), and is assumed to
be continuous and positive on its support, § = 0b,,] x 0y ] . Let b and y denote the

s

population means of ability and income. The household decision maker's utility function, U(*), is

increasing in numeraire consumption and the educational achievement of the household's student,



and twice differentiable in both arguments. Educational achievement, a = a(q,b), is a non-
negative, twice-differentiable, and increasing function of the student's ability and the quality of
the school attended, q. Achievement if no school is attended is zero (which will never occur in
equilibrium). Let y, = y(I-t) denote after-tax income, t the income-tax rate, and p tuition
expenditure, the latter equal to zero if a public school is attended. Thus, U = U(y,-p,a(q,b)), with
U, U,, a;, and a, all positive.

School quality is a twice differentiable, increasing, and strictly quasi-concave function of
mean ability of peer students, 6, and educational inputs per student, I: g = g(6,1).* Educational
inputs per student equals per student expenditure above minimal or “custodial costs” as clarified
below. While we use mean ability as the peer measure here, Epple, Newlon, and Romano (2002)
show that the model can be generalized to the case where the peer quality measure is the mean of
any increasing and differentiable function of b, without any qualitative effects on predictions. A
concave function for example, implies gains from reducing variation in student ability in a school
as from curriculum specialization.

U is also assumed to satisfy everywhere the "single-crossing" condition:

oU/oq
Ol———1/3dy. > 0 .

This condition corresponds to an income elasticity of demand for educational quality that is

positive at all qualities for all types. Preferences for school quality might also depend on ability.
dU/oq

U/dy,
a non-negative ability elasticity of demand for quality. In our accompanying computational

We say preferences satisfy weak single crossing in ability if J db > 0 , which implies

model and to illustrate our more general theoretical results, we adopt a Cobb-Douglas
specification of the utility, achievement, and school-quality functions:

U = (y,-pla(g,b); a(gb) = gbP; q = 1°0Y; B,w,y > 0. (1)

]

While (1) satisfies SCI, it embodies the "neutral" assumption of zero ability elasticity of demand:



SU/3Q

oU/dy
t
A school’s costs consist of custodial costs and expenditure on educational quality.

e, db =0 .

Letting k; equal the number of students in school i, we assume school costs are given by:
ClkpI) = Tk, + V(k) + F; V/>0; V> 0. (2)

Let k" denote the "efficient scale" of a school:
k;" = ARGMIN [Ck,1)/k]; 3)

- which is independent of I in this specification. In our computational analysis, we assume

schooling costs are quadratic in k,

CleI) = C, + (C, + Ik, + Ck2 @)

B. Public-Sector Schools. Public sector schools all follow the same policies and are

homogeneous.” They offer free admission to all-students. We assume no competition among
schools within the public sector, while there is free entry among private schools. Hence,
consistent with some empirical evidence, we allow public schools to be more costly to operate
and less effective in delivering education than private schools.? Specifically, we assume public
school quality is given by qp(G,I) = q(teﬁ;rII), where g, T, < 1, at least one with strict
inequality.”

Public-sector schooling is financed by a proportional income tax paid by all households,
whether or not the household's child attends public school. The public sector chooses the integer
number of schools to minimize the total cost of providing schooling, given the public-sector cost
function and household choices of public or private schooling.® The tax rate, hence per student
educational expenditures in pubilic school, is chosen by majority vote. When voting, households
take the equilibrium selection of other students into public and private schools as given.

Conditions for existence of voting equilibrium are developed in Epple and Romano (1996).



These are satisfied in our computational model for example. Note that the homogeneity of public

schools allows one to think of the public sector as one (typically large) public school.

C. Private-Sector Schools. Private-sector schools maximize profits and there is free entry
and exit.” Trivially, then, no cost-inefficient or ineffective private schools can be present in
equilibrium (see footnote 7). It is the higher productivity of private schools, assumed to derive
from free entry, that is the source of potential gains from vouchers in our model. However, our
céntral findings would be unchanged even if public-school productivity rises to that of private
schools. Student type is observable, implying tuition can be conditioned on ability and income as
competition permits. Private schools are an example of clubs with "non-anonymous crowding"
(Scotchmer and Wooders, 1987 and Scotchmer, 1997) because of the peer-group externality, and
we model private-school behavior following the literature on competitive club economies. In
particular, private schools maximize profits as utility takers (see Scotchmer, 1994), meaning they
believe they can attract any student-type by offering admission at a tuition yielding at least the
maximum utility the student could obtain elsewhere.v ‘ | |

Let n denote the equilibrium number of private schools, and identify a private school with
asubscripti € {1,2,...,n}. A subscript of 0 identifies "the" ;ﬁgblic schdol. In finding a private
school's optimurm, as well as market equilibrium, it is convenient to introduce an admission
function, oy(b,y) € [0,1], that indicates the proportion of type (b,y) in the population that schooi i
admits. Not admitting a type is equivalent to charging a prohibitive price, while admitted types
will be charged a tuition such that they will attend the school in equilibrium. Note that any
%o(b,y) € [0,1] is "optimal" for the public school: Le., it admits any number of any type that wish
to attend. Let p,(b,y) denote the tuition function at school i, with py(b,y) = 0 V (b,y).

To describe the constraint on a private school's tuition function, let Ui-'(b,y) denote the

utility type (b,y) can obtain by choosing the best available alternative to school i in equilibrium:

Ux‘(b)Y) MAX U(Y(Pj(ba}’)s a(qjsb))

jei

1]

je {0,1,..,n; a;(b,y) > 0 is optimal for j} (5)

Ijsing the utility-taking assumption, private school i assumes it can attract any student for whom:



Uy, ~pi(b.y),a(g,b)) = U, (b,y). (6)

Let p;'(b,y,q;) denote type (b,y)'s reservation price, obtained by solving for p, when (6) holds as

an equality. Charging any admitted type their reservation price is clearly optimal. We can then

write private school i's optimization problem:

MAX 7 = [ [p (b, a6 L) Gy - Clk,L)
S

s.t. a(by) € [0,1]1V (by) € S;

0. ™

1

1l

1 .
T { [boxb.y)f(b,y)dbdy;

it

and k = [fe(b.y)b,y)dbdy;
S

where the optimization is over oy(b,y), I, 6;, and k,. The solution to (7) is presented below.

D. Equilibdum,. The private/public equilibrium can be described by the following conditions

U'(b.y) = MAX U(y,-p(b,y).a(q;,b)) vV (by) € S; UM)
1€{0,1,...,n} s.t. a(b,y) > 0 is optimal for i

= 1,2,...n; (IIM)

[0, I,k,p(by),e(b,y)] are profit maximizing, i

(Z10)

For all (b,y) € S: p,(b,y) = 0 and o,(b,y) € [0,1];

ko = [[e(by) fb,y) dbdy;
S



T
9 = 9,651y, 6, - 178 f f bety(b,y)f(b,y)dbdy; (PSP)
0g

v = kJ, + MIN [NF + NV(k/N)];

N e {1,2,..}

(Ip>t) 1s majority chosen;

n

and Yoy =1V (by) € S. (MC)

1=0

Condition UM summarizes utility maximization where U'(b,y) is equilibrium utility.
Households choose a school that maximizes utility while taking as given school qualities,
admission/tuition policies, and the tax rate. Profit maximization, IIM, has been discussed. No
entry by or exit of private schools wili occur if and only if the zero-profit condition ZII is
satisfied. The public-school policies and outcomes are described by the five lines of condition
PSP. The secend to last line of PSP is the public-sector balanced-budget condition, where

y = f f yi(b,y)dbdy denotes both mean and aggregate income, the latter because we normalize
the popsulation to equal 1. The final condition is market clearance; all students attend a school

since the public alternative always dominates dropping out.

E. Vouchers. We analyze several voucher systems, so there is some minor variation in how
the equilibrium conditions must be extended. In each system, vouchers may be used only at
private schools. Because public schools are tuition free and homegeneous (including equally
inefficient), a voucher that increases public-school choice has no effects in our model. We
assume throughout that the voucher system is exogenous and financed out of tax revenues, while
maintaining public school per student expenditure on educational inputs at I, the level majority
chosen with no voucher. We choose to abstract from potential effects of vouchers on public-
schooling expenditures to isolate effects on stratification that policy is less likely to anticipate.'

Let S, denote the subset of S containing student types that attend public-sector schools, and S,



the complement set of student types attending private-sector schools.'’ The tax rate then satisfies

the modified balanced-budget condition:

ty = Ik, + MIN N(V(k/N)+F)] + [ fv(-)f(b, Ydbdy:
Ne{i,2,...} 5,

where v(*) denotes the amount of the voucher.

The first two voucher systerns we analyze are a flat-rate system with v the same for every
private-school student and a type-dependent system with v = v(b,y) conditioned on type. In these
analyses, we permit private schools complete freedom in their admission and tuition policies
(i.e., they can charge more or less than the voucher). The intent is to analyze the pure effects of
vouchers in an otherwise laissez-faire setting, with public schools if they continue to exist.'”” For
new, we require that private-school students take their voucher, which is not objectionable so
long as v > 0. We will analyze cases where v < 0 for some types, and we will go on to analyze
. voluntary participation. In the analyses of the first two systems, letting p, denote the take-home
tuition of private school i, the remaining modification to the equilibrium conditions is
- accomplished by adding v(-) to every type’s after-tax income whenever they attend private
school.” For example, private school i’s reservation price function becomes p; (b,y+v(:),q).
Intuitively, the effective income of private-school students is their after-tax income plus the

amount of their voucher.

3. Flat-Rate Vouchers. The analysis here extends the findings in Epple and Romano (1998)

where school quality varies only with student peer groups to educational expenditure variation.
Hence, we will attempt to be brief. Equilibrium here serves as a benchmark for the analysis that
follows. The analysis subsumes the case with no voucher.

A starting point for understanding the properties of equilibrium is to examine the profit
maximum of a private school. Private school i’s optimization can be described by the following

conditions:



pi(by) = p(by+v,q) ¥V (by) € S; (8.1) -

[ f % o (b,y) f(b,y)dbdy = k; (8.2)
=1 \S >
o(b,y) [E[O,l]l if pi'(b,yt+v,qi) (:) EMC(b) V (by) € S ; (8.3)
=0 / <
EMC(b) = I, + V/(k) + n(8,-b) ; (8.4)

and

0q,/36,
9L,

1, 00p;
n o= f fgé_ai(b,y)f(b,y)dbdy = 8.5)
ig i ‘

Cendition (8.1) indicates, again, that all students are charged their reservation price. Condition
. (8.2) is the Samuelsonian condition describing school i’s choice of L. Condition (8.3) details the
admission policy: Every type (b,y) is admitted whose reservation price exceeds their “effective
marginal cost (EMC)” and no types are admitted whose reservation price is less than EMC. The
effective marginal cost is defined in (8.4), equal to the resource cost of educating a type plus the
cost of their peer externality in the school. The peer externality cost of a student equals the
change in the peer measure from admitting the student ([b-6,J/k;), multiplied by the shadow value
of the peer quality measure (kn,). Using (8.5), one can think of the latter as fhe change in tuition
necessary to retain students or the change in inputs necessary to maintain quality (and thus retain
students). The peer “cost” is positive if b < 8, and negative if b > 0,, and EMC, itself will be
negative for students of ability sufficiently higher than the school’s mean ability when such
students exiét. |

Turning to market properties, the analysis is complicated by an existence problem. The
existence problem is generic to club economics (see Scotchmer, 1994), derives from the fixed

costs and integer number of schools, and is manifest in an inability to have all private schools'

10



profits equal zero in general. Our resolution is to examine an “epsilon competitive equilibrium,"
that replaces the (IIM) and (ZII) conditions with requirements that private schools are at local
profit maxima (implying satisfaction of all first-order conditions), but allowing profit levels to
differ from zero by a positive value € . Hence, entry (exit) will not occur
unless m; > € (%, < -€) for some private school, nor would an incumbent school pursue non-
local changes in admission/tuition policies unless it could gain more than € . The
- "equilibrium" results reported.in the rest of the paper apply to our approximate equilibrium as
well as exact equilibrium (€ = 0) when it exists.™

We employ findings from our computational model to illustrate and quantify the general
theoretical properties of market equilibrium. We now summarize calibration of the
computational model which builds on the computational model in Epple and Romano (1998).
We extend that model to incorporate expenditure on inputs as well as differences in effectiveness
- and efficiency between public and private sectors. We also broaden the scope of that model to
permit study of the differing voucher systems developed in this paper. The computational model
entails a choice of joint density function for income and ability, utility and achievement
functions, and cost functions for education.

1

Income and ability follow a joint lognormal distribution: Eggg J is distributed bivariate

. oy poyo,| e
and covariance matrix b Calibrating the marginal distribution
y pO'bO' (0]

of income to mean ($40,816) and median ($5 ,842)yincome in 1999 yields p, = 10.62 and o,=

. u,
normal with mean

7.

To calibrate the distribution of ability, we assume this distribution to be a primitive, i.e.,
independent of policy changes. We further assume that annual future earnings while employed
equal normed achievement, a,. The latter is obtained by raising the achievement function we
adopt, a = 6"I°bP, to the power 1/B and multiply by a constant: a, = AIP0"p, Hence, normed
achievement is measured in the same units as ability, and both are measured in dollars."” We

H

assume the elasticity of achievement with respect to peer ability is 10% as large as the elasticity

of achievement with respect to own ability: y/B = .1. This estimate is consistent with recent
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empirical evidence of Ding and Lehrer (2001) but smaller than estimated by Henderson,
Mieszkowski, and Sauvageau (1977), and, in this respect, a conservative estimate of the
magnitude of peer effects. Our calibration of costs below, leads to setting Y = w. With this,
pmmmmmmmma&MwmmmmmammmcM%nmgwdmen@mmmmmmwQWQm
equilibrium. That is, the distribution of normed achievement in each generation (approximately)
replicates the distribution of income of the parent generation. A finai step adjusts for the ratio of
workers per household to students per household (2.6 in 1990). The outcome of this calibration
process is p, = 9.66 and 0, = .70. Keep in mind that normed achievement can be interpreted as
future income. We set p = .4, which equals the correlation between father and son earnings
found by Solon (1992) and Zimmerman (1992). This completes the calibration of f(b,y).

The combined utility-achievement function is assumed Cobb-Douglas (recall (1)). Cost
per student in the U.S. in the year 2000 was approximately $7,000.! This cost is divided equally
between custodial and discretionary inputs as the evidence suggests.”” Equilibrium that yields
public choice of school expenditure of $7,000 per student, with half being custodial costs,
requires ¥ = w = .03 . This and y/B = .1 from above yield the calibrated utility/achievement
function U = (y-p)6- "I,

We take the implied school-quality function q = 8®I® (see (1)) described thus far as
applying to private schools. For public schools, we modify that function to reflect their lower
effectiveness (1, < 1) and efficiency (t; < 1). Hoxby (2000) studies competitive effects on both
school effectiveness and efficiency, and we base our calibration on her results. Her measuie of
public school competition is a Herfindahl index that is calculated using the proportions of
students served by distinct districts in each metropolitan area. She finds that a one standard
deviation increase in this measure of competition results in income gains of approximately 4%
mmm®MmMWmmmgwﬁmmmmmmHROMQMD%.ﬂm&mummmw%=96mdq
= .98 so that normed achievement in a public school is 96% as high as normed achievement in a
private school that has the same peer quality and spends 98% as much on inputs as the public

school.

12
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The custodial cost function is assumed quadratic in k, as specified in (4). We set C,=
20.4, C, =350, and C, = 23,000. This cost function implies that k' (the efficient scale) equals
3% of the student population and average custodial cost at the efficient scale equals $3,500 per
student.

To interpret the market equilibrium properties, refer to the computational examples
tilustrated in Figure 1, which are discussed in detail below. The solid lines in these panels, which
we call “boundary loci,” delinqate the attendance sets of private schools and the public sector.
For example, the five boundary loci in the upper left panel of Figure 1 delineate the attendance
sets of the public sector and five private schools that arise in computed equilibrium with no

voucher. Key equilibrium properties are summarized in Proposition 1.

Proposition 1. 1. Strict Hierarchy: A strict hierarchy of private schools results: g, > g, , > ... > q;-
If v = 0, public-sector schools have q, < q,, but not necessarily if v> 0.

2. Pricing: a. Along a boundary locus between schools, p; = EMC,(b) for private schools (i-# 0); -
private school pricing along boundary loci depends only on ability.

b. In the interior of schoal i’s admission space, p;, > EMC;(b) for i # 0; private-school pricing off
boundary loci also depénds on (effective) income.

¢. Students choose the same schools that they would if the prices they faced of private schools
equaled equilibrium EMCy(b),i=1,2,...,n.

3. Stratification: a. Attendance is characterized by income stratification. In other words, for
given ability, attendance at a higher quality school implies higher household income. ™

b. If preferences satisfy weak single crossing in ability and 1, > 1,; = ... > 1,, then stratification
by ability (analogously defined) also characterizes school choice when v = 0. Under these
conditions but when v > 0 and q, > q; for some private school i, ability stratification may be
violated between the public sector and lower-quality private schools.

?
Proof is in the appendix. Here we provide an intuitive discussion. The strict hierarchy

among private schools in Proposition 1.1 reflects the normality of demand for educational quality

13



and the associated willingness of higher-income types to spend more on inputs and to cross-

- subsidize higher-ability types to create better schools. The latter is likewise manifest in the
discounting to ability in private schools in Proposition 1.2a and the stratification pattern in
Proposition 1.3. The departure from EMC pricing in Proposition 1.2b derives from some market
power that private schools have due to their discrete differences in quality, but has only income
effects on the equilibrium allocation (Proposition 1.2¢).

Given a non-negative ability elasticity of demand for school quality, we see in
Proposition 1.3b that ability stratification “usually” results; i.e., if higher-quality schools value
ability by more.”” The combination of income and ability stratification yields downward sloping
boundary loci. An exception to the latter is when vouchers induce the entry of one or some
private schools of lower quality than public-sector schools. Such private schools provide
negative net tuition to every student (p-v < 0), attracting students from poor households who
trade off lower school quality for the fellowship. In the example with v = $4,530 shown in upper
right panel of Figure 1, two such “bottom feeder” schools result. Note the upward sloping—
portions of the boundary loci between these two private schools and the public sector.?° Ability
stratification between the public-sector and the adjacent lower-quality school fails here.

Fellowships, net and gross, can also be }provided to relatively higher-ability students in
private schools of higher quality than public schools with or without vouchers. Some students
receive fellowships in every private school in the case with v =0 depicted in Figure 1 for
example.

To provide a point of departure for our analysis of alternative voucher designs, consider
turther our computational findings with no voucher and the flat-rate voucher. With no voucher,
the public sector serves 88.5% of the student population, and five private schools serve the
remaining population.*’ A voucher of $4,530 per student would cover almost 65% of the $7,000
expenditure per student in public schools. The resulting allocation, illustrated in the upper-right
panel of Figure 1, has a public sector serving 31% of the student population and 25 private

schools serving the remaining students. This voucher induces entry of eighteen schools of higher
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quality than the public sector and two schools of quality lower than the public sector (the latter
the reason we chose to iilustrate this level of the voucher).

A flat-rate voucher of $7,000 per student covers the full cost of public-school education,
and 35 private schools serve the entire student population in this case. The allocation of students
across schools in the resulting equilibrium is illustrated in the bottom panel of Figure 1. We say
that there is “cream skimming” when private-school admission of relatively able students is
associated with worsening school qualitics for other students, e.g., in the public sector. It is
evident from Figure 1 that the flat-rate voucher induces cream skimming. We find that do
declines as the voucher rises in spite of some eventual entry of some bottom-feeder schools (with
temporary jumps up in g, given their discrete entry). This decline in q, results solely due to
deterioration of the public-sector peer group as we have held fixed educational inputs per student
in the public sector.”? The voucher equal to $4,530 per student leads 53.4% of students to attend
a lower quality school and thus have lower educational achievement relative to the no-voucher
benchmark. The top panel of Table 1 shows mean percentage changes in normed achievement
from the $7,000 voucher by ability and income deciles. Although more efficient and effective
private schools have supplanted the public sector, 57.8% of students are in lower quality schools
and have lower achievement.”” As Figure 1 .suggests and Table 1 confirms, achievement losses
are experienced by students in low-income households and by low-ability students in middle-
income households. These results echo findings reported in our prior work (Epple and Romano,
1998), which did not incorporate expenditure variation in the achievement function and did not
allow for differences in effectiveness and efficiency of the private relative to the public sector.

We also calculate the compensating variation from the voucher. The top panel of Table 2
shows the mean ratio of compensating variation to income by deciles for the $7,000 voucher
relative to the no-voucher equilibrium. Effects on compensating variation are substantially
different from those on educational achievement. Most of the sign differences between the
effects on achievement and compensating variation derive from poor students who are willing to

trade off educational quality for higher income. Comparing, for example, the first rows of the
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upper panels of Tables I and 2, we see that poor students of relatively high ability experience
(sometimes substantial) gains in compensating variation while attending lower-quality schools
with the $7,000 voucher. These students are receiving fellowships (or increased fellowships) as
the voucher leads to greater discounting to ability. In fact, 85% experience welfare gains from
the voucher by the compensating-variation measure.2*

While of interest to examine, compensating variation has drawbacks as a welfare measure
here. Social externalities from education are likely to be present that compensating variation
does not measure. Even without the latter, if the (empirically motivated) positive income
elasticity of demand for educational quality built into our utility function is a result of capital
market failures, then, again, compensating variation improperly measures welfare. Thus, we
thunk it important to assess these alternatives both in their effects on educational achievement
and utility (compensating variation). In addition, there is substantial variation in the effects on
both compensating variation and achievement from the flat-rate voucher.

We think it is of clear interest to examine voucher aiternatives that might reap the
benefits of school competition in a way that benefits everycne or nearly so. Ideally, a voucher
program would result in increases in both measures for everyone. Obviously, any voucher that
exacerbates stratification -- that leads to cream skimming -- will fail by our criteria. How must

such a voucher system be designed to avoid cream skimming?

4. Type-Dependent Voucher Systems. A. Theoretical Analysis. The general form of a type-

dependent voucher allows it to vary with any household characteristic: v = v(b,y) The main

result here, is that, without also restricting school behavior, any type—dependent voucher that can
be taken seriously will fail to inject significant competition without substantially increased

stratification. If one wishes to impose voluntary participation of students, then y(-) 20is
required. Because it is simpler and we can make our point here more strongly without
necessarily satlsfymg voluntary participation, we continue for now to requlre participation of all
L)

students. The model is as in Section 2 with every household that chooses private school having

effective income equal to y, + v(b,y) and with the modified budget constraint.
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The underlying theoretical result is stated in Proposition 2. Our interest is only in
voucher systems that promote private-school competition. Hence, we assume henceforth an
equilibrium with two or more private schools. As discussed further below, we can contrive
voucher systems that reduce cream skimming via contraction of the private sector, but the latter

runs counter to their purpose. -

Proposition 2. Type-dependent voucher systems that preserve a nondegenerate joint distribution

on eftective income and abilit};f engender a strict hierarchy of private-school qualities.?

The proof is a simple adaptation of the proof of Proposition 1.1 and is omitted. The
intuition is as follows. The students who attend private schools have types distributed over
(y+v(b,y),b). If two private schools were of equivalent quality, then either schooi could increase
profits by substituting students (attracting some from the other school) so as to increase quality
and the effective income of the student body, or by doing the reverse. The former substitution,
for example, would allow a profit increase because the ex post richer student body would value
the quality increase by more than would the ex ante poorer student body. Only if the'voucher
system were to eliminate almost completely income differences, i.e., only if
v(b,y) = y Y, +v "(b) for appropriately chosen v'(b), could homogeneous private schools be
induced.”® But such a draconian voucher system cannot be taken seriously.

If one converts income to effective income, then all the results regarding private schools
and their students in Section 3 when v =0 apply. The private-school pricing and stratification
results of Proposition 1 hold for example.

The peer-group externality in the value of schooling is central to the persistence of the
hierarchy under realistic type-dependent voucher systems. Lower-ability students are relatively
expensive to educate in our model because their presence in a school reduces quality and all
students' willingness to pay to attend the school. One might surmise that a voucher that
eompensates for the externality cost could eliminate a hierarchy and prevent cream skimming.
But the peer costs (the 1's) vary with the schools' peer groups, including their household income

levels, so the voucher must also nearly eliminate income differences; or, as shown below,
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constrain school behavior.

A type-dependent voucher system that eliminates a hierarchy by reducing the role of the
private sector can be contrived. For example, a sufficiently negative voucher given to all would
eliminate the private sector. But such a voucher would obviously stifle competition and reduce
technical efficiencies.

Whether for realistic parameter values a voucher linked to ability could introduce
substantial school competition without significant cream skimming is not obvious. We then
examine this computationally.

B. Computational Analysis of a Type-Dependent Voucher. The type-dependent voucher we

examine is of the form: v(b) = vy + 177(b - b). This is the same form as EMC(b) assuming

homogeneous schools each having the peer group with 8 equal to the population mean ability.

We calculate .177 to be the shadow value of ability if the voucher leads to homogeneous

- schools.?’ We let v, rise to the level of expenditure per student in the public sector ($7,000),
which will be enough to eliminate it and is comparable to the $7,000 flat-rate voucher. As
Section 5 will clarify, we examine the type-dependent voucher that is independent of income of
form necessary (but not sufficient as we will see!) to engender homogeneous schools. .

Equilibria with the ability-dependent voucher are illustrated in F igure 2. To see whether

the voucher system promotes widespread gains, these may be compared to the benchmark no- ~
voucher equilibrium portrayed in the upper-left panel of Figure 1. The left panel of Figure 2
illustrates the equilibrium with the ability-dependent voucher having fixed component v, =
$4,530. This voucher induces entry of five private schools with quality below that of the public

-school and four with peer quality above that of the public school. Relative to the flat-rate
voucher of $4,530, the increased entry at the lower end of the school quality hierarchy is because
this voucher rewards low ability, with the opposite effects at the upper end of the school quality
hierarchy. Because of the substantial entry at the lower end, the peer group in the public sector

unproves somewhat, with then small normed achievement gains of about 1% to those 64% of the
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population that remain in that sector. But those who enter the lower-end private schools lose in
normed achievement, some very substantially. For example, the mean loss in normed
achievement among those in the lowest decile of income and ability is 20% (though, of course,
we know by revealed preference that their utilities rise). While 75% gain in educational
achievement, one must keep in mind that 64% gain only the 1% and there are many who
experience lower achievement.

We provide more detail about the effects of this voucher with v, = $7,000, the resulting
tully private equilibrium depicted in the right panel of Figure 2. Aside from the income effects
deriving from some redistribution toward lower-ability students, the allocation in the right panel
of Figure 2 is obviously quite similar to that in the lower panel of Figure 1. Here 55% have
lower achievement after intreduction of this voucher, as compared to 54% with the $7,000 flat- -
rate voucher. In spite of the subsidy to lower-ability students, the voucher fails miserably to
promete widespread educational gains. The middle panel of Table 1 provides detail on the
changes in normed achievement. Comparing this to the top panel reveals that the effects on
educationai achievement of the ability-dependent voucher differ little from those of the flat-rate
voucher -- both adversely affect achievement of children in low-income households and low-
ability children in middle-income households.

The effects on compensating variation of this voucher are quite different from those of
the flat-rate voucher as can be seen by comparing the middle panel of Table 2 to the top panel.
Low-income households with low-ability students experience a welfare gain because the voucher
is greater for low-ability students. Indeed, 95% of the population gains from this voucher
relative to the no-voucher equilibrium. Obviously, however, the gains are not due to increased

educational quality but to income redistribution.

5. Tuition-Constrained Vouchers.

Here and in the next section we show that vouchers combined with constraints on school
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behavior can accomplish our goals. We focus on a type-dependent voucher that requires schools
to accept the voucher as tuition, allowing no extra charges or kickbacks. This is not the only
alternative, however, as we will discuss.

Consider the ability-dependent voucher:

v(b) = V(k*) + I, + n(b-b); 9.1)
where
b, _ _
v = g‘i(g—vl with I such that g(I,b) > q,(Iy,b)- (9.2)
qb.1)

Every student attending private school receives such a voucher and any private séhool must
accept the voucher as tuition for any student it admits. We continue to require participation until
the next section, i.e., private-schocl students must accept the voucher. Private schools have
complete discretion about Whoml to admit. Regarding the equilibrium conditions, the solution to
the private-school profit-maximization problem in the presence of this tuition—constrainéd
voucher is developéd bélow.28 | ‘

Note that the voucher equals EMC(b) assuming a private school with per student
expenditure on quality-enhancing inputs equal to I, and with peer measure equal to the
population mean ability. Note, too, that we have restricted I, such that the latter such private
school would provide higher quality than a public school with peer measure equal to the
population mean ( L, > I is sufficient). We show this voucher engenders homogeneous and
competing private schools serving the entire population. An issue that arises in showing this is
how students evaluate the public alternative, specifically the relevant peer group, when no public
schools are present. We assume the public alternative is not considered in such cases, although

other sensible assumptions give the same results as discussed below.

1
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Proposition 3. Under the tuition-constrained voucher (9.1) - (9.2), equilibrium has: 1/k* private

schools, each with k* students, of quality q, = q(E,Iv) withI=1 and 6 = b, and earning zero

profits. No public schools are present. Equilibrium utility is given by U*(b,y) = U(y,,a(q,,b)),
where t satisfies ty = I + [V(k )+FJ/k ".

To prove Proposition 3, two lemmas are useful:

Lemma 1. Any student who attends private school chooses a school of highest quality among

those willing to admit the student (including “the” public school if it exists).

Proof of Lemma 1. Given that private schools must accept exactly the student’s voucher as

tuition and public schools are free, Lemma 1 follows from utility maximization.
Lemma 2. The highest quality private school hasI=1,8=b, q=gq,k=k* and t = 0.

Proof of Lemma 2. Leiting q, denote the quality of the second highest quality school in

equilibrium, we can write the profit maximization problem of the highest quality private school

as:

MAX| 0, f v(b)a(b,y)f(b,y)dbdy - V( f f a(b,y)f(b,y)dbdy)
S S
-1 f f a(b,y)f(b,y)dbdy - F
s.t. a(b,y) ES [0,1] V¥ (b,y) and

q( [bab,y)fib,y)dbdy/ [ [e®.)f.y)dbdy,D > q
S S

(10)

where we have written 6 and k as functions of the school’s admission policy (and we omit a
subscript for this school’s variables). Given that the private school in question is the highest

quality, it is innocuous to impose the second constraint. Also, given that the school is of the
4
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highest quality, any type is willing to attend the highest quality school by Lemma 1. This
Justifies the minimal restrictiveness of the first constraint.

Problem (10) has first-order conditions:

q-4q 20 (11.1)
Mg - q) =0 (11.2)
Az 0 (11.3)
-k + Aq = 0; (11.4)
-1 ( >
aby} | € [0,1]] if v(b) | =| EMC; (11.5)
{ =0 \ <
EMC = V/ + [ + k%e-(b—f)); (11.6)

where A is the multiplier on the second constraint. The inequality constraint (11.1) binds. If not,

A =0 and (11.4) would imply a corner solution with I = 0 which obviously cannot hold. Further,
(11.4) implies A > 0. Substituting from (11.4) into (11.6), EMC can be rewritten:

EMC = V/ + I + (p-p),

(11.6)y
q )

Assume for the moment that q, = q,. Then the first-order conditions are satisfied by admission
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I. The reason that private schools are homogeneous here, while not so without the tuition
restriction (i.e., in Section 5), is that schools must be able to price discriminate with respect to
income to gain by differentiating themselves. As the Proof of Proposition 2 shows, profitable
differentiation relative to homogeneity entails engendering a higher quality school with a richer
clientele; or the reverse. Profits increase e.g. with the former differentiation when schools can
charge higher tuition to the richer clientele for the quality increase. The tuition constraint here
prevents such profit increases. Note that neither a tuition ceiling nor floor at the level of the
voucher would itself prevent stratification. Consider the possibility of equal-quality schools.
Under a tuition ceiling, schools would still be able to offer discounts (including fellowships),
resulting in the emergence of lower-quality schools that serve relatively poor students. Under a
tuition floor, schools would still be able to charge more than the voucher, resulting in the
emergence of higher-quality schools that serve relatively wealthy students. These one-sided
restrictions would limit stratification effects, but both restrictions are needed to prevent
stratification. See, also, the next remark.

2. Given a voucher can be conditioned only on ability (i.e., not on income or characteristics of
the school) and admission is at the discretion of private schools, the voucher system in (9:1) -
(9.2) with tuition constraint is the only system that engenders homogeneous private schools with
I, expenditure per student . Private schools must be willing to admit all types, and this combined
with zero profits implies the voucher must equal the relevant EMC for all types. The level of
expenditure per student can be varied by the planner, but then the coefficient on (b-b) in the
voucher specification must be adjusted appropriately (via (9.2)). Note that this implies that a
tuition constraint combined with a flat-rate voucher would fail to engender homogenous schools:
Every school would try to admit the highest-ability students to create a higher peer measure while
intending to reduce expenditure per student to increase profits.

3. An alternative to a tuition constraint is to link the voucher to the admitting school’s peer-group

measure and expenditure; or combine a voucher with direct controls on private schools. Inan
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policy such thatk =k*,1=1,and 6 = b. For example, a(b,y) = k* for all (b,y) with 1=
satisfies the first-order conditions. Profits are equal to zero at this solution. Given q,=q,, the
appendix shows that this is in fact the maximizer (i.e., the second-order conditions are satisfied).

Now we complete the proof by showing that, in equilibrium, g, = q,- Write maximized
profits as a function of q, T*(q,). Applying the Envelope Theorem, *’(q) = -A <0. Ifthen q,
<q,, ©* >0, implying entry. If q >q,, 7* <0, iraplying exit. Hence, if there is a private school
in equilibrium, it must be that q, = q,, and the top private school behaves as described in the

lemma.
We can now prove Proposition 3:

Proof of Proposition 3. Every private school must be of quality g,. This is because the highest -

quality private school is willing to admit any type. Hence, utility maximization implies only
private schools of quality g, can exist. Given quality of q,, following the Proof of Lemma 2,
every private school hasI=1, 6 = b, k= k*, and zero profits. Assurning that there are no public
schools, it is an equilibrium to have k* private schools characterized by these values, with also
(obviously) tax rate and utilities as described in the Proposition. Any admission polices that -
yield these values (e.g., a(b,y) = k* for all (b,y), 1= 1,2,...,n) make up an equilibrium. No public
schools would form simply by our assumption that public school would not be demanded when
no public schools are present.

No public schools can exist. If there were only public schools, then 9, < q,, and entry
would result. Since any private school must have 6 = b in equilibrium, any public schools must
have the same peer measure (by market clearance and given their homogeneity). Public schools
are then inferior to private schools by our assumption on L. Utility maximization then implies

only private schools if there are any private schools.

Remarks on Proposition 3:
¢
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earlier version of this paper, we developed the details of these alternatives. The general message
is that, if cream-skimming and stratification are to be prevented, then “strings” need to be
attached to a voucher policy. While these alternative approaches are equivalent in our model,
private schools have incentives to cheat under any of these systems, and the equivalence is likely
to break down with menitoring imperfections. This is an important area for further research. It
may be that tuition compliance is less costly to enforce than admission and expenditure
compliance, favoring the 'Jouqher policy we focus on here. It is interesting that the Florida
voucher policy has both a tuition constraint and an admission constraint (i.e., accept all
applicants with equal probabilities), both clearly intended to prevent cream skimming.

4. We have assumed that student ability and household income are observable. These variables
might be pri\}avte' information suggesting potential adverse selection issues. Under the voucher
system in Proposition 3, household income is irrelevant so there are no gains to households from
misreporting it. Assuming the reported ability is usied both to assign the voucher and for
admission decisions, truthful ability revelation is also incentive compatible. If ability is
determined by examination, there is no incentive to under perform.

5. We have assumed that if there are no public schools, households do not contemplate attending
a public school. Since states are obligated to provide education, this may seem unduly
restrictive. One way to defend the assumption is to note that if a household elects public school
unilaterally, that it might realistically anticipate ‘Iow quality due tb economies of scale and/or lack
of political support for quality. -Another assumption that is consistent with our findings is that if
an individual chooses public school, then he expects all types to choose public school. The issue
that one must get around is that high ability students cannot anticipate a higher quality education
in public school due to an expectation that their own ability level would be the peer measure.

6. We have ignored the integer problem in the analysis. The epsilon-equilibrium approximation
can be applied here as above.

¢
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6. Voluntary Participation. To gain access to better schools and/or to obtain fellowships,

students may wish to opt out of the tuition-constrained voucher system. Here we examine the
analogue of the latter system but allowi‘ng a form of voluntary participation. We show, among
other things, that such a voucher program can replace the public school system with a set of
competing, equal-quality, and efficient private schools, while preserving the pre-voucher private
schools who here opt out of the voucher program. This permits gains in both educational
achievement and utility.

We introduce voluntary participation as follows. Any student may refuse the voucher and |
attend a private school that does not participate in the voucher program, i.e., admitsb only non-
voucher students. We assume that any school that admits voucher students may admit only
voucher students (but all types will be offered a voucher). Ignore public schools for now. The
voucher system we analyze is like that in (9.1) - (9.2) with the tuition constraint but here the peer
measure will differ from the population mean ability in general. If Lis sufﬁmently 111gh then in |
fact the voucher system (9.1) - (9.2) will satlsfv voluntary par‘101pat10n 1.e., no one will opt out.
(The latter follows using the fact that after-tax income declines as t rises to increase L.) But this
is likely to require an unrealistically high tax rate. Hence, wé focus on cases Where sbme
students do opt out.

The voucher is given by:

v(b) = Vk") + 1, + n(8,-b); ' (12.1)
= q_e(?"’l") . (12.2)
"oq8,L) '

where (0,,1,) (hence also 1,) are set by the planner. Consider first the special case where 6, =0,

and I, =1’ is such that q(GO,IV/) = qp(@O,IO). This voucher has the same peer measure as in
?
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to the no-voucher equilibrium. Redistributing the government budget surplus any way that
avoids income effects on the equilibrium, i.e., does not affect the allocation into schools and
tuitions of nonvoucher schools, would accomplish this. For realistic parameterizations, poorer
households with lower-ability students in voucher schools could be untaxed without income
effects. The Pareto Improvement derives, of course, from the efficiencies of competitive
provision of education. Below we examine computationally the voucher with tax t, and other tax
rates that uses all government revenues to improve the quality of voucher schools.

2. We have again ignored the integer (existence) problem in the analysis. By replacing k* with
ky/N, in (12.1) and in the equation defining n, (in part a of Proposition 4), we obtain the epsilon-
equilibrium equivalent. (N, is the number of public schools in the no-voucher equilibrium; see
PSP.)

3. If public schools are allowed to exist, then there is a set of equilibria with both public and
voucher schools each of quality q(6,,1,”) providing educﬁation to students in S,. Any equilibrium
with public schools would obviously have a lower budget surplus and would be less efficient. If
public schools can only spend as much per student as can voucher schools, then they cannot

survive in equilibrium.” For these reasons, we ignore public schools in what follows.

B. Computational Analysis. We see that a voucher properly linked to student ability and with a
tuition constraint can inject competition into the provision of education with no-effects on
stratification. We now turn to a computational analysis of this voucher policy. Here we continue
to assume a simple proportional income tax but further assume all tax revenues are used to
improve quality of voucher schools. Specifically, the voucher is of the form (12.1) - (12.2) (with
tuition constraint and voluntary participation), but with (6,.1)) set anticipating non-voucher
private schools and a balanced budget. The equilibrium can be thought of as a function of the
tax rate. Our intent is to quantify the effects of this voucher in the relatively simple setting with

proportional income tax.
L
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public schools in the no-voucher equilibrium and the expenditure the voucher anticipates is set so
that quality would also be the same. Let t, denote the tax rate in the no-voucher equilibrium.

The benchmark theoretical result of this section is:

Proposition 4. The tuition-constrained voucher system (12. i) - (12.2) with (6,,1) = (8,,1.”),
satisfying voluntary participation, and financed with tax rate t, engenders an equilibrium with
the following properties:

a.n, = f f f{b,y)dbdy/k * voucher schools, each with 6 = 8y, I =1, zero profits, and indifferent
to admittsfng any type;

b. a set of non-voucher private schools exactly as in the no-voucher, public-private schooling
equilibrium;

¢. student selection into schools as in the no-voucher, public-private schooling equilibrium, but
with public-school students in the latter equilibrium attending voucher schools in the present
equilibrium; and

d. a government budget surplus (assumed to not be redistributed).

Proof of Proposition 4. Given part a, parts b, ¢, and d are immediate (parts b and ¢ by analogy to

the no-voucher, public-private schooling equilibrium). Showing part a closely parallels the Proof
of Lemma 2 and the first paragraph of the Proof of Proposition 4, sc we just outline the
argument. If it is assumed that q, = q(GO,IVI) in (10), then, following the analysis in the Proof of
Lemma 2, it is profit maximizing for a voucher school to choose § = 8,and I=1". Zero profits
and indifference to admission of any types also folldws. Moreover, while the first constraiat in
(10) would not be met for student types attending non-voucher private schools, it is consistent
with the profit-maximizing admission policy we have described. The rest then follows as in

these proofs.

Remarks on Proposition 4:

4. A corollary of Proposition 4 is that the voucher system permits a Pareto Improvement relative
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students, but with somewhat larger proportionate gains to lower-income households. High-
income households with high-ability students who remain in the most elite non-voucher schools
lose slightly. This is because reduced competition from the other two elite schools that exit
allows the remaining elite schools to earn somewhat higher profits in the epsilon competitive
equilibrium.

Table 4 reports summary results for the tuition-constrained voucher for the two tax rates
just discussed and for a third tax rate that is halfway between the above two rates. Note that the
intermediate tax rate leads nearly everyone to gain on both welfare measures relative to the no-

voucher equilibrium.

7. Concluding Remarks. In this paper, we have emphasized the potential for designing voucher
programs that inject private-school competition into the educational system to realize:
productivity gains but without exacerbating stratification between schools by income and ability.
While the real cost of schooling decreases with ability through a peer effect, a laissez-faire
voucher linked to ability would fail to accomplish these goals. “Strings” neéd to be attached to
the voucher policy. We focus here on adding to the ability-linked voucher a requirement that the
voucher be accepted as tuition, precluding kickbacks or topping up by participating schools. We
show such a voucher can accomplish our goals, permitting everyone of almost everyone to have
higher educational achievement at no cost.

We believe that the same general strategies can be used to design voucher programs that
promote racial integration in schools if this is chosen as a policy objective. Moreover, we
believe such an approach would be more effective and less heavy handed than approaches such
as mandatory busing of students. Consider the following variation of our model. Suppose that
preferences are race blind, but that income and school-age "ability" are positively correlated
(because household income is an input to school-age "ability") and that the distribution of whites'

income exceeds that of non-whites as defined by stochastic dominance. In a laissez-faire public-
B
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We examine first a tax rate equal to 4.66%, this the tax rate that will induce a set of
competing voucher schools attended by (virtually) the same number of students attending public
schools in the no-voucher equilibrium. The associated allocation, the boundary between the
voucher and non-voucher private schools, is plotted as one of the lower diagonal lines in Figure
3. As expected and evident in this figure, this boundary is virtually indistinguishable from the
public-private boundary in the no-voucher equilibrium. The percentage effécts on normed
achievement are summarized in the bottom panel of Table 1. The achievement effects are very
small since the gains from improved effectiveness and efficiency of the private-sector schools are
used to reduce educational expenditures and, thereby, reduce the tax rate. The effects on
compensating variation of introducing this tuition-constrained voucher are summarized in the
bottom panel of Table 2. All households gain approximately 1% of their incomes. Hence, there
is a Pareto Improvement by either welfare measure, although here largely manifest in
noneducational gains due to imposing the lower tax rate.

Consider next the equilibrium that arises when the tax rate is retained at its pre-voucher
level of 5.6%. The upper diagonal line in Figure 3 is the boundary between voucher schoois and
non-voucher schools with this tax rate. Attendance in voucher schools in this equilibrium is.
93%. This compares to attendance of 88.5% in the public sector in the absence of this voucher.
Introduction of this voucher leads to exit by two private non-voucher schools. The effects on
normed achievement and compensating variation (as a proportion of income) are presented in
Table 3. Approximately 90% of students gain in achievement. All those initially in the public
sector attend higher-quality voucher schools with gains in normed achievement of about 3.8%.
Recalling that these gains can be interpreted as proportional changes in future income, the gains
are substantial. Achievement losses accrue to students who switch from private non-voucher
schools to voucher schools. The improvement in the quality of the voucher schools relative to
the initial public alternative, both of which have zero net tuition, draws in these students.

Approximately 94% of households experience utility increases, including most of the latter
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private equilibrium, non-whites will be over represented in weaker schools due to their lower
incomes. All our results apply to this model: A voucher linked to ability with tuition constraint
would increase integration as the tax rate is increased with gains to everyone initially in the
public sector. If racial types have a preference for grouping together in schools, then, assuming
the social objective continues to be to integrate, vouchers would need to be linked to racial
composition of schools.”” Whether such a voucher policy would entail elements of affirmative
action, meaning different Vougher levels for members of different racial groups, is an important
issue. The quantification of departures from equal racial treatment with race-neutral vouchers is
another important issue. Among other open questions are the effects of such voucher policies on
integration and their affirmative action characteristics when government budget limits impose
binding constraints on voucher systems.

Stiil another question is comparison of outcomes under voucher programs relative to
neighborhood public schooling equilibria both when race is and is not a factor. In this paper, we
have simplified by considering a homogeneous public sector as would arise with frictionless
open enrollment. Elsewhere (Epple and Romano, forthcoming), we investigate stratification in
neighborhood public-school systems and in open-enrollment systems with frictions in exercising
choice. The kind of voucher policies considered in this paper would likely yield larger gains to
low-income and low-ability households when introduced in a stratified public system than when
introduced in the homogeneous public-school system considered in this paper. Studying these
issues is a subject of our ongoing research.

How voucher systems can be expected to change stratification patterns is an 1mportant
issue. Whether stratification increases or decreases, our analysis indicates that stratification
patterns in systems dominated by voucher-supported students may vary widely with the form of

the program.
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Footnotes.

1. Nechyba also examines targeting of vouchers to poor jurisdictions. See also Chen and West
(2000) who examine political support for vouchers targeted to the relatively poor in a model
without peer effects in education.

2. Another key difference is our attention to the issue of voluntary participation (see Section 6),
from which Eden abstracts by not permitting the co-existence of a laissez-faire private system.

3. Evidence supporting the empirical relevance of our model of public-private school
competition is provided in Epple, Figlio, and Romano (1998). That paper conducts extensive
tests of the stratification and pricing predictions of our model and finds strong support for those
predications.

4. There is a large, growing, and controversial literature on peer effects by social scientists.
Early studies are Coleman (1966), Henderson, Mieszkowski, and Sauvageau (1978), and
Summers and Wolfe (1977). Here we mention just some of the subsequent empirical studies by
economists that are most closely related to our model. Most of the literature on peer effects on
educational success concern primary and secondary education. Manski (1993a) details the
several difficulties in empirically identifying peer effects. Evans, Oates, and Schwab (1992) find
no peer effects in schools predicting teenage pregnancy or drop-out once selection is taken into
acccunt. Robertson and Symons (1996), Zimmer and Toma (1997), Hoxby (2000), and Ding and
Lehrer (2001) are more recent studies that find evidence of peer effects on educational success.
Turning to research on peer effects in higher education, - Sacerdote (2001) and Zimmerman
(1999) find peer effects between roommates on grade point averages. Betts and Morell (1999)
find that high-school peer groups affect college grade point average. Arcidiacono and Nicholson
(2000) find no peer effects among medical students.

5. Heterogeneous public schools are discussed in Section 7.

6. See, for examples, Evans and Schwab (1995), F iglio and Stone (1999), Grogger and Neal
(2000), Belfield and Levin (2002).

7. The educational production function q(8,I) is then that of private schools. Note that in the
Cobb-Douglas specification we use in the computational analysis, these two effects can be
combined into a single productivity parameter.

8. The number of schools that minimizes public schooling costs is independent of the value of I
in the public sector.

9. Analysis of alternative objective functions to profit maximization is of interest given the
significant proportion of nonprofit schools. Some private schools might, for example, pursue the
objective of quality maximization. Epple, Sieg, and Romano (1999, 2002, forthcoming-a,
forthcoming-b) develop a model of competing educational quality maximizers and apply it to
gstimate equilibrium in U.S. undergraduate higher education. Competitive pressures lead
equilibrium to be very similar to that with profit maximizers. We characterize private schools as
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profit maximizers here to facilitate comparison to the rest of the literature on vouchers and
because a large scale voucher program can be reasonably expected to lead to entry of a
substantial number of for-profit schools.

10. Public voucher proposals and policies are typically designed to have neutral effects on per
student expenditure in public schools as, for example, in the Florida program. We do not mean,
however, to trivialize the issues that arise regarding public choice of educational inputs. See
de Bartolome (1990), Benabou (1996,1997),-Chen and West (2000), Epple and Romano (1996,
forthcoming), Fernandez and Rogerson (1996,1998), Glomm and Ravikumar (1995,1997), and
Nechyba (1998,2000, forthcoming) for models where public choice of educational expenditure
plays a key role.

11. Student types (b,y) indifferent between attending either public or private schools will be of
measure zero in our applications unless noted otherwise.

12. Friedman's (1962) voucher system would let "[pJarents ... spend this sum and any additional
sum on purchasing educational services from an "approved" institution of their own choice ...
[and] ... educational services could be rendered by private enterprises for profit, or by non-profit
institutions [including publicly run schools] (p. 89)." The approval requirement was envisioned
te be minimal, as Friedman compared it to government inspection of ... restaurants to insure
they maintain minimum sanitary standards (p. 89)." Chubb and Moe (1990) describe *... a
system in which government would provide funding directly to students in the form of vouchers
and students would use vouchers to pay for education in the public or private school of their
choosing (p. 217)."

13. The net cost of attending private school i equals p, - v.

14. The epsilon equilibrium is consistent with the presence of "epsilon inefficient" private
schools, but, for simplicity, we abstract from this. We assume all private schools are cost
efficient and maximally effective as if e = 0.

15. Note that utility can be written as a function of achievement or normed achievement: U(y,-
p.a) = Uy-p.a).

16. Current expenditure per student in public schools in 1997 was $5,882, and capital
expenditure was 11.9% of current expenditure (Public Education Finances, 1997 from 1997
Census of Governments, Volume 4, Government Finances. Issued May 2000, GC97(4)-1, Tables
8 and 9). Together these imply a total of $6,582 per student. Inflation from 1997 to 2000 was
approximately 7% implying expenditure per student of approximately $7,000.

17. Our estimate of 50% custodial costs is based on the cost of day care for the same number of
hours as in a typical school year. Details are available on request.

318. Technically, along boundary loci, students are indifferent so attendance at the higher quality
school implies only weakly higher income.
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19. The weak ascension of the n’s along the quality hierarchy is not necessary for ability
stratification. But it is an intuitive condition and we have found it to hold in a variety of
computations. Having said this, we have also found exceptions to ability stratification in related
analyses. Keep in mind that the strict hierarchy result and income stratification always hold.

20. The adjacent private school discounts to ability while, obviously, the public school does not.
This implies that as ability rises, there is a preference for the lower-quality private school, which
is offset by higher income along the relevant (upward-sloping) boundary locus.

21. We did not use the proportion in public schools to calibrate our model, but our equilibrium
proportion of 88.5% is very close to the observed value in 1998 of 88.75% (Statistical Abstract
2001, Table 205).

22. A policy that requires private schools to have per student expenditure at least equal to the
voucher would eliminate bottom-feeder schools and cream skimming as we define it would
worsen.

23. Part of the reduced educational achievement is due to lower average expenditure in private
schools that enter relative to the expenditure in the (now eliminated) public sector. In fact, in
aggregate, there is about a 1% achievement loss from the $7,000 voucher. Poorer students prefer
lower expenditure and kickbacks from schools. We discuss further below normative
perspectives on our findings.

24. The finding that 85% have a welfare gain from the flat-rate voucher contrasts to the finding
in our earlier paper (1998) that less than a majority gain. The broader appeal of the flat-rate
voucher in our analysis here is attributable to the higher productivity of private schools and to
more substantial tuition changes because schooling expenditure can vary.

25. By a "nondegenerate joint distribution" we mean a joint distribution whose associated
conditional distributions are atomless.

26. v*(b) would need to equal the EMC(b) that arises in the resulting homogeneous schools. We
derive similar results to this below.

27. This is the shadow value of ability assuming homogeneous schools and expenditure per
student of $7,000.

28. Other changes to the equilibrium conditions are simple and will be made clear.

29. Again, the issue arises about how students evaluate a public-school alternative if none are
present but public education must be provided on demand.

30. This is analogous to linking the voucher to other school peer-group measures, like mean
ability. As noted above, we analyzed this alternative as a substitute for the tuition constraint in
an earlier version of this paper.
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FIGURE 1

ADMISSION SPACES WITH FLAT-RATE VOUCHER

200000

160000 4

120000 4

80000 4

Voucher=4530

40000 4 Pubilic Schools
0 i i
0 40000 80000
Ability
200000

Voucher=7,000

80000




Income

FIGURE 2

ADMISSION SPACES WITH ABILITY-DEPENDENT VOUCHER
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FIGURE 3

BOUNDARIES BETWEEN PUBLIC/VOUCHER SCHOOLS
AND PRIVATE NON-VOUCHER SCHOOLS
FOR THREE DIFFERENT VOUCHERS
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-19.58
-13.16
-9.52
-6.40
-3.58
-0.97
2.28
5.74
10.44
12.61

-18.17
-12.31
-8.76
-5.87
-3.11
0.37
2.57
5.99
10.37
12.82

0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.12

*The tax rate is such that voucher schools serve same number of students as public sector in benchmark equilibrium.

THREE VOUCHER SYSTEMS COMPARED TO NO-VOUCHER EQUILIBRIUM

Ability Deciles

2 3 4 5 6

-18.45 -17.50 -17.06 -15.61 -14.31

-12.35 -11.54 -11.09 -10.22 -9.41
-8.79 -8.21 -7.54 -6.92 -6.07
-5.75 -£.24 -4.66 -4.11 -3.34
-2.87 -2.56 -1.96 -1.48 -0.81
-0.17 0.16 0.72 1.21 1.78
264 321 3.72 4.09 4.61
6.10 6.72 6.92 7.53 7.94

10.56 11.17 11.52 11.93 12.26

11.04 8.54 8.00 6.45 5.72

TYPE-DEPENDENT VOUCHER
(Avg. $7000; no public sector)

2 3 4 5 6

-17.32 -16.56 -15.92 -15.0¢Q -14.14

-11.52 -11.02 -10.46 -9.82 -9.13
-8.15 -7.65 -7.16 -6.57 -5.96
-5.29 -4.81 -4.32 -3.86 -3.25
-2.61 -2.15 -1.73 -1.26 -0.67
0.10 0.52 0.90 1.38 1.91
2.99 3.34 3.79 4.20 4.67
6.38 6.84 7.06 7.53 7.95

10.83 11.24 11.49 11.85 12.23
9.89 8.96 7.73 6.73 5.38

TUITION-CONSTRAINED VOUCHER
(t = .0446%)

2 3 4 5 8
0.13 0.13 0.13 0.13 0.13
0.13 0.13 0.13 0.13 0.13
0.13 0.13 0.13 0.13 0.13
0.13 0.13 0.13 0.13 0.13
0.13 0.13 0.13 0.13 0.13
0.13 0.13 0.13 0.13 0.13
0.13 0.13 0.13 0.13 0.13
0.13 0.13 0.13 0.13 0.13
0.13 0.13 0.13 0.13 0.13
0.1 0.10 0.10 0.10 0.09

TABLE 1

FLAT-RATE VOUCHER
($7000; no public sector)

7
-13.41
-8.54
-5.24
-2.63
-0.04
2.50
5.31
8.56
12.89
3.68

-13.00
-8.23
-5.18
-2.53

0.01
2.54
5.28
8.53
12.82
3.7

0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.09

AVERAGE PERCENTAGE CHANGE IN NORMED ACHIEVEMENT

8
-11.12
-7.01
-4.05
-1.37
0.98
3.45
6.19
9.38
13.59
1.10

-11.82
-7.12
-4.08
-1.49

0.89
3.37
6.12
9.25
13.51
1.00

0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.08

9

-9.09
-4.95
-2.15
0.28
2.62
4.97
7.59
10.64
10.54
-0.07

-9.29
-5.24
-2.43
0.03
2.38
4.75
7.36
10.48
10.38
-0.33

0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.23
0.09

10
-3.90
-0.16

1.19
3.45
4.54
6.13
7.06
5.93
0.22
-0.54

10
-5.33
-1.32

1.08
2.89
4.27
5.77
6.49
548
-0.13
-0.74

10
0.13
0.12
0.12
0.12
0.12
0.31
0.28
0.10
0.27
0.08



Income Deciles Income Deciles

Income Deciles

TABLE 2

AVERAGE COMPENSATING VARIATION AS PERCENT OF INCOME
THREE VOUCHER SYSTEMS COMPARED TO NO-VOUCHER EQUILIBRIUM

FLAT-RATE VOUCHER
($7000; no public sector)

Ability Deciles

1 2 3 4 5 6 7 8 9 10
1 -2.87 -1.73 -0.92 0.01 0.58 1.53 3.42 4.43 7.51 13.90
2 -3.16 -2.46 -1.91 -1.36 -0.74 0.00 0.89 219 4.34 10.61
3 -2.84 -2.29 -1.82 -1.34 -0.83 -0.22 0.55 1.63 3.34 7.80
4 -2.45 -1.94 -1.56 -1.1% -0.71 -0.18 0.48 1.39 2.88 6.77
5 -1.97 -1.55 -1.22 -0.85 -0.47 -0.01 0.57 1.36 2.71 6.42
6 -1.53 -1.11 -0.82 -0.49 -0.15 0.26 0.77 1.47 2.59 5.65
7 -0.89 -0.62 -0.32 -0.03 0.26 0.62 1.07 1.68 2.68 5.16
8 -0.24 0.04 0.32 0.52 0.81 1.09 1.49 2.03 291 4.80
9 0.72 0.90 1.15 1.35 1.57 1.82 2.14 2.59 327 4.14
10 1.90 2.08 2.19 225 2.34 242 255 2.59 2.64 2.82

TYPE-DEPENDENT VOUCHER
{Avg. $7000; no public sector)

1 2 3 4 5 6 7 8 9 10
1 21.14 19.05 1717 15.88 14.32 12.71 11.07 8.83 6.03 2.08
2 8.73 7.98 7.46 6.91 6.32 5.74 4.95 4.03 2.62 0.17
3 5.46 4.99 4.64 4.30 3.92 3.52 3.03 2.40 1.49 -0.22
4 3.71 3.39 3.14 2.89 2.65 2.36 2.02 1.58 0.96 -0.35
5 2.61 2.40 222 2.04 1.87 1.66 142 1.12 0.69 -0.38
8 1.90 1.75 1.63 1.51 1.38 1.24 1.08 0.88 0.59 -0.26
7 1.45 1.36 1.28 1.20 1.12 1.03 0.93 0.80 0.63 -0.10
8 1.22 1.17 1.13 1.09 1.04 1.00 0.95 0.89 0.82 0.00
9 1.25 1.24 1.24 1.22 1.21 1.20 1.20 1.20 1.16 -0.16
10 1.61 1.63 1.48 1.40 1.35 1.24 113 0.92 0.55 -0.61

TUITION-CONSTRAINED VOUCHER
{t = .0446)

1 2 3 4 5 6 7 8 9 10
1 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
2 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 1.01
3 0.99 0.99 0.99 0.99 0.98 0.99 0.99 0.99 0.99 1.00
4 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 1.00
5 0.98 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 1.00
6 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 1.00
7 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99
8 0.99 0.99 0.98 0.99 0.98 0.99 0.99 0.99 0.99 0.89
9 0.99 0.99 0.99 0.99 0.99 0.98 0.99 0.99 0.98 0.98
10 0.98 0.97 0.96 0.96 0.96 0.96 0.95 0.95 0.95 0.96

“The tax rate is such that the voucher schools serve same number of students as public sector in benchmark equilibrium.
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TABLE 3
AVERAGE CV AS PERCENTAGE OF INCOME
AND
AVERAGE PERCENTAGE CHANGE IN ACHIEVEMENT

TUITION-CONSTRAINED VOUCHER WITH
TAX RATE SAME AS IN NO VOUCHER EQUILIBRIUM

COMPENSATING VARIATION

Ability Deciles
2 3 4 5 6 7 8 9 10
1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05
1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 0.74
1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 0.91
1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.056 0.89
1.05 1.05 1.05 1.08 1.05 1.05 1.05 1.05 1.05 0.75
1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.056 0.81
1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 0.74
1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 0.54
1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 0.98 0.09
0.85 0.79 0.72 0.63 0.6 0.55 0.45 0.3 0.06 -0.16

NORMED ACHIEVEMENT

2 3 4 5 6 7 8 9 10
3.79 3.79 3.79 3.79 3.79 3.79 3.79 3.79 3.79 3.79
3.79 3.79 3.79 3.79 3.79 3.79 3.79 3.79 3.79 3.17
3.79 3.79 3.79 3.78 3.79 3.78 3.79 3.79 3.79 3.02
3.79 3.79 3.78 3.79 3.79 3.79 3.79 3.79 3.79 3.37
3.79 3.79 3.79 3.79 3.79 3.79 3.79 3.78 3.79 2.27
3.79 3.79 3.79 3.79 3.79 3.79 3.79 3.79 3.79 2.1
3.79 3.79 3.79 3.79 3.79 3.79 3.79 3.79 3.79 1.60
3.79 3.79 3.79 3.79 3.79 3.79 3.79 3.79 3.79 -0.66
3.79 3.79 3.79 3.79 3.79 3.79 3.79 3.79 -0.08 -5.04
2.14 -0.42 -1.18 -1.00 -2.95 -2.45 -3.92 -5.07 -3.41 0.05



Table 4

TUITION CONSTRAINED VOUCHER
WITH THREE DIFFERENT TAX RATES

1
Tax Rate 4.66%
Input Per Student $ 2,320 %
Attendance in Voucher Schools 88.5%
CV Gain Per Capita 0.96%
% With CV Gain 100.0%
Achievement Gain Per Capita E 0.13%
% With Achievement Gain 100.0%

2

5.13%
2,740

90.8%
0.89%
99.8%
1.45%
96.0%

3

5.61%
3,180

92.7%
0.77%
93.8%
2.70%
89.9%

Column 1: Tax rate that yields attendance in voucher schools equal to

public school attendance in no-voucher equilibrium.
Column 3: Tax rate same as in no-voucher equilibrum.

Column 2: Tax rate halfway between columns (1) and (3).



" Appendix for “Educational Vouchers and Cream Skimming”
Dennis Epple and Richard Romano

Proof of Proposition 1. The results in Proposition 1 generalize the results in Propositions 1 - 3 of

Epple and Romano (1998) to allowing variation across schools in I. Much of the proof here

follows the proofs in the latter paper.

L. Strict Hierarchy. First we show the strict hierarchy result for the private schools by
contradiction. Suppose that g, = q; for private schools i and j. Then EMC(b) = EMC;(b) for all
b. To see this, suppose not. For appropriate assignment of i and j, the linearity of EMC(b) in b
would imply either: (i) there exists a b’ such that EMCi(b) > (<) (=) EMC(b) forb < (>) () b’;
or (if) EMC,; (b) > EMC;(b) for ail b. In case (i), using that every type would have the same
reservation price for attending schools i or j, the admission criterion (8.3) and market clearance
imply no type with b < (>) b> would attend school i (). Hence, 8,> 8. Since q;= q;, then I, <.
Using (8.5) and quasiconcavity of q(8,I), then n, < 1;- Hence, using (8.4), EMC,(b) is flatter in b
than EMC; (b), contradicting (i).

In case (ii), the admission criterion and market clearance mmply no types attend school i,
contradicting existence of school i. Having established that EMC, = EMC(b), it is further
implied that the schools are identical with respect to the rélevant variables (0,1k).

Now we show a contradiction to profit maximization by demonstrating that either school
could with local deviation increase its profits. Suppose first that the attendance spaces of schools
i and j overlap with positive measure in the (b,y) plane. Then we show that school i can increase
profits by admitting a measure A, of students of type (b,,y,) while expelling the same measure A,

¥ -A, of students of type (b,,y,), where either: (iii) b, 2b,andy, >>y, or(iv) b, < b, and y, <<
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y,- Here the newly admitted students are attracted from school J. If the attendance spaces of
schools 1 and j do not overlap initially, then school i first expels half of each type of its students
and admits half of each type of vschool j’s students. (The latter would have no effect on profits as
we clarify below.) Then the student substitutions in (111) or (iv) are feasible.

To compute the effect on profits from such a student substitution, observe that initially
pi*(b,ytw,qi) = pj‘(b,yt+v,qj) = EMC,(b) = EMCj.(b) for all students attending schools i and j.
If p* > EMC, market clearance is violated (o; + ;> 1). If p* < EMC, then the student cannot
attend i or j. This implies the first-order effect of expelling or admitting any students initially in
school i or j vanishes. (It is also implied that profits are unchanged by expelling half of each type
and admitting half of the other school’s students. This would not change q;, k;, or EMC,(b), and
tuitions would continue to equal EMC,(b).) Let ﬂi denote thé first-order effect on profits of
schooi i of changing the measure of type t students in school i, and Tt:t the second-order effect.
Using Taylor’s Theorem, for A, = -A, small, the sign of the change in profits (Ax,) from a

student substitution is given by the sign of:

i i | S i i
TA, + mA, + —2—[11:1I(AI)Z+1t22(A2)2+21c12A1A2]
1, i i
= 5[11:1I(Al)z+1r22(A2)2+21t12A1A2] (A1)

1 i i i
= E(AI)Z[E” Ty, “2“112]-

The first equality in (A1) follows since the first-order effects vanish, and the second equality
since the student substitution is designed so that A =-A,

s Using (A1), with straightforward calculation, one obtains:



sign [AT,] =
Ip; (v, +v.by,q) apf(yzﬁv,bz,qi)]

.2 oq
—(b,-b,)—*
Slgn{ki( | )aei{

Suppose that b, 2 b, and y, >>y,. Then the first term after the equality in (A2) is positive by
(SCI). Moreover, the first term dominates the second term, since, given b, 2 b, and y, is not
approximately equal to y,, the second term is of lower order than the first term. The same holds
forb, s b, and y, <<vy,. This establishes the strict hierarchy of private schools.

That q, < q, when v = 0 follows simply because net tuition p,-v= ;;i 1s positive for at
least some students in every private school while public schooling is free. Thatq,>q, fori > 1is

possible when v > 0 is illustrated in our computational analysis.

2. Pricing. a. Using that any private school j is willing to admit any student at tuition EM(C(b), a
continuous function, and that public schooling is free, (5) and the definition ofpi*(yt+v,b,qi)
imply it is a continuous function. (U,*(b,y) is continuous for all i and (b,y).) If not p,=EMC, on
a boundary locus of private school i, then either: (1) p; <EMC;; or (ii) p; > EMC,. If (i), using
continuity of p;*, then p,* < EMC, just within school i’s admission space, a contradiction to the
admission criterion. If (ii), using continuity, then p;* > EMC, just outside the boundary locus in

another school j’s admission space. Then &, = 1 and o; + a; > 1, violating market clearance.

b. As argued in part a, p, < EMC, could not hold. If p; = EMC,, then we must be on a boundary

locus of private school i. To establish this, use SCI and observe that EMC(b) is independent of y
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at any school implying either: (iii) dp;*/dy > 0 (if the best alternative school of types in the
vicinity of the initial point (b,y) is of lower quality than g); or (iv) op;*/dy < 0 (if the best
alternative school of types in the vicinity of the initial point (b,y) is of higher quality than q). In
case (i11), those of marginally lower income than the student for whom p, = EMC, would attend
another‘school. In case (iv), those of marginally higher income than the student for whom p, =
EMC; would attend another school. Hence, it must be that p; > EMC,; in the interior of school i’s
admission space. Since p; = p;*(b,y;+v,q,), the dependence on both b and y follows. (Note that
the linkage of p;* to b is ot driven by a positive ability elasticity of demand for quality. For
example, consider the Cobb-Douglas preferences in (1) which has zero ability elasticity of
demand for quality. Here, p;*(b,y+v,q;) decreases with ability for all students having another

private school as their best alternative because EMC(b) in their best alternative school declines

with ability.)

c. The alternative must have a student attend school i when there exists private school j such that
U(y, +v-EMC,,a(q;,b)) > U(y, +v-EMC,,a(q;,b)), where we adopt the convention that v = EMC, = 0
if i =0 (is a public-sector school). Since p; > EMC, for students attending school i, U(y, +v-
EMC,,a(q;,b)) > U(y+v-p;,,a(q;,b)). Given i is attended, it must be a best alternative to school J
with the latter inequality implying p* > EMC,; . This implies o, = 1, contradicting market

clearance (i.e., & + o; > I).

3. Stratification. a. Given Proposition 1-2c¢ (i.e., the last result) and that public schools are free,
the allocation can be determined by prices that are independent of income. Using SCI, income

stratification then follows by a standard “single-crossing argument.”
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b. We again use Proposition 1-2¢ and a single-crossing argument. For the case of v=0, let
pid =V ’(ki) +[+0m, 1 = 1,2,...,n. Let pod = M, = 0. For predicting school choices, by
Proposition 1-2c, utility of type (b,y) attending school i, i = 0,1,....n, may be calculated as:
U = Uy, b —pid,a(qi,b)). Hence, choice across the n+1 schools is as though students face type-
independent prices p,® and have incomes ytn;b. Given weak ascension of the 1,’s along the
quality hierarchy, weak single-crossing in ability, and SCI, stratification by ability then arises by
a single-crossing argument. (Note that with zero ability elasticity of demand and n, =1, = ... =
1., ability stratification results due to the income effect of the same discounting to ability across
the set of private schools. That is, higher ability students effectively are richer if any private
school is attended so that ability stratification is implied by SCIL.)

If v>0, then q, > éi for some i > 1 is possible as seen in the computational analysis.
Figure XX shows that ability stratification along the quality hierarchy can be violated between
the public school and the adjacent worse privaté school. The reason is that EMC(b) declines
with ability in the private school, but not in the public school, so that relative utility in the privaie
versus public school may rise with ability. (In fact, it necessarily does for Cobb-Douglas

preferences, but this need not hold for utility with positive ability elasticity of demand for

quality.)

Proof of Sufficiency of Profit Maximum in Lemma 2. At the solution to the first-order

conditions in the Proof of Lemma 2, the first constraint does not bind and can be ignored and the
second constraint binds. Given the latter, it is convenient to eliminate the choice of I by solving

$he second constraint for I: I= T(G(a(b,y))),where we use this compact notation to indicate that
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is a functional of the choice of a(b,y) through the latter’s determination of 6. (The dependence

of I on q; can be suppressed since g, does not change.) Hence, write profits in (10):

m(a(by)) = f f v(b)a(b,y)dbdy - V(k(a(b,y)))
S

(A3)
- I@(a(b,y))k(ad,y)) - F,
where we similarly write the functional k(ea(b,y)) for convenience.
Letting ; denote the variation in 7 with respect to type (b,,y,), we have':
o= vb) - V-1 - B
q (A4)

I
= v(b) - EMC(b;k(a(b,y)),0(ex(b,y))).

Qur indicating that EMC depends on o through k and 6 will prove useful below. At the solution
to the first-order conditions in Lemma 2, m, = 0 for all types of course. Now compute the second

variation, letting 7; denote it with respect to types (b,y) and (b;,y;). After some manipulation one

obtains:
T = V7% (0-b)(0-b)Z; (A5)
hence
T = -V (8-b)°Z; (A6)
where

'We actually compute the variations with respect to of which are more convenient to work with.



2 2
dp 9 ~29g9,g, +9; e

kq 13

Z = (A7)

Quasiconcavity of q(60,I) implies the numerator of (A7) is negative, hence that Z < 0. Then, &, <

0. The determinant of the Hessian with respect to variation in two types is given by:

Tty - mt = =VZ(b,-b)? > 0. (A8)

i

Hence, the “two-type Hessian” matrix is negative definite, implying a maximum with respect to }
admissions variations involving one or two types.

We have shown that profits can not be increased by any admissions variations involving
one or iwo types of students. But the effect on profits of admissions variations involving more
than two types can always be replicated by an admission variation involving just one or two
types. Profit variations from admissions changes work only through the resulting changes in k
and 6, since profit variations derive only from the second variation in
EMC(b;k(a(b,y)),0(c(b,y))) (see (A4)). Any variation with both d6 and dk not equal to zero has
a corresponding variation involving just one or two ability types. Letting dk denote the change

in admission of type i, the implications for 6 and k of changing admission of two types are given

by:

ok —dky (A9)
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Using these, one can engender any pair (d0,dk) if we allow admissions of any types, perhaps

dk = dk, + dk,. (A10)

including types not in S. But the inability to increase profits by varying up to two types is
independent of the nature of S. Hence, if variations involving more than two types could

increase profits, we have contradicted the results above for one or two types.
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