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1 Introduction

The 1983 report “A Nation at Risk”! and a series of similar reports have led to continued concern that
American public schools may be lagging behind their counterparts elsewhere in the developed world.
This has led to a wave of demands for public school reform. School choice and accountability in general,
and vouchers in particular, are among the most hotly debated instruments of public school reform. This
paper is motivated by the need to understand the effect of vouchers and, in particular, the designs
of different kinds of vouchers on public school performance. It argues that all voucher programs are
not created equal. There are often fundamental differences in voucher designs that affect public school
incentives differently and in turn bring about different responses from them.

The last two decades have seen a spurt of publicly funded voucher programs in the United States.
Interestingly, while they are all “voucher” programs, there are crucial differences in their designs. These
programs can be classified into two generic designs:—the “voucher shock” (VS) design and the “threat
of voucher” (TOV) design (see footnote 6). In this paper, I study and contrast (both theoretically
and empirically) the impacts of these two voucher designs on public school incentives and performance.
For this purpose, I focus on the two oldest publicly funded voucher programs implementing these two
representative designs—the Milwaukee voucher program and the Florida voucher program respectively.
Given the emphasis on school choice and vouchers as school reform initiatives, and especially the recent
flurry of voucher programs in the country, it behooves us, both from a scholarly and policy perspective,
to understand the impacts of these two alternative designs on public school incentives and performance.

The Milwaukee program can be looked upon as a “voucher shock” (VS) program with a sudden
government announcement that the low-income public school population would be eligible for vouch-
ers. Vouchers, under both programs were funded by public school revenue, and hence associated with
monetary loss for the public schools. In particular, starting in the 1990-91 school year, the Milwaukee
Parental Choice Program (MPCP) made all public school students with family income at or below 175%
of the poverty line eligible for vouchers to attend private schools.

In contrast, the Florida program embedded vouchers in a school accountability system. Here the
failing public schools were first threatened with vouchers and vouchers were implemented only if they

failed to meet a government designated cutoff quality level. The key here is that meeting the pre-

! National Commission of Excellence in Education (1983),“A Nation at Risk: The Imperative for Educational Reform,”
Washington, DC: U.S. Government Printing Office.



designated cutoff allowed the school to completely escape vouchers, and the corresponding revenue loss.
In particular, under the Florida opportunity scholarship program, all students of a public school became
eligible for vouchers or “opportunity scholarships” if the school received two “F” grades in a period of
four years. Therefore, a school getting an “F” for the first time was exposed to the threat of vouchers but
did not face vouchers unless and until it got a second “F” within the next three years. In addition, “F”
being the lowest performing grade exposed these schools to stigma.? This paper argues that differences
in voucher designs between the Florida and Milwaukee programs will affect public school incentives
differently and will induce very different responses from them. In particular, it argues that the Florida
type voucher system will have a larger effect on response and performance of the threatened public
schools than the Milwaukee-type “voucher shock” program (on the corresponding treated schools).

Apart from the above differences, the designs of the two programs were strikingly similar. In both
programs, private schools were not permitted, by law, to discriminate between students who applied
with vouchers—they had to accept all students unless oversubscribed and had to pick students randomly
if oversubscribed. The voucher amount had to be taken as full payment of tuition in both programs, but
parents were often responsible for transportation costs, uniforms and costs of extracurricular activities.
Moreover, there was likely a relocation cost to switching schools. Note that, in both programs, private
schools could choose whether or not to participate in the program, and the above rules applied only if they
chose to participate. The system of funding was also similar. Under each program the average voucher
amount equaled the state aid per pupil, and vouchers were financed by an equivalent reduction of state
aid to the district. Thus state funding was directly tied to student enrollment and enrollment losses due
to vouchers were reflected in a revenue loss for the public school. The average voucher amounts under the
Florida (1999-2000 through 2001-2002) and Milwaukee (1990-1991 through 1996-1997) programs were
respectively $3,330 and $3,346.2 During the corresponding periods, vouchers as a percentage of total
revenue per pupil were 41.55% in Florida and 45.23% in Milwaukee.

The paper develops its argument in the context of a formal theoretical model that captures the basic

2 The Florida Department of Education classified schools according to five grades: -A, B, C, D, F (A-highest, F-lowest).
In 1999, 78 schools got an “F” and students in 2 of those schools became eligible for vouchers. In 2000, 4 elementary schools
got an F although none became eligible for vouchers. In 2001, no school got an F. In 2002, 64 schools got an F. Students
in 10 of those schools became eligible for vouchers.

3 T will focus on the Milwaukee program up to 1996-97. This is because following a 1998 Wisconsin Supreme Court
ruling, there was a major shift in the program when religious private schools were allowed to participate in the program
and the program entered into its second phase. Moreover, financing of the Milwaukee program saw some crucial changes,
so that voucher amounts and revenue loss per student due to vouchers were not comparable between Florida and second
phase Milwaukee.



features of the Florida and Milwaukee voucher programs. The objective of this model is to understand
and compare the impacts of the two designs on public school incentives and responses. The model has
three agents:—the public school, the households and the private schools. It derives the demand for public
school endogenously from household behavior (modeling it as a function of peer group quality and public
school quality), thus giving micro-foundations to the public school payoff function. In an equilibrium
model of public school and household behavior the paper endogenously determines public school quality
and its ingredients—public school effort and peer group quality. Both under complete information and
under moral hazard (when public school effort is not observable), the model yields two empirically
testable predictions that hold at the respective program equilibria—the threatened public schools will
show an improvement in quality under the Florida-type voucher system and their improvement will
exceed that of the corresponding treated schools under the Milwaukee-type program.

Using school-level test score data from Florida and Wisconsin, the paper next proceeds to test the
two theoretical predictions. Implementing a difference-in-differences estimation strategy in trends, it
estimates the treatment effects for each of the programs by comparing the post-program improvement
of the treated schools with an appropriate set of control schools. Controlling for potentially confounding
pre-program time trends and post-program common shocks, the paper finds considerable evidence in
favor of both the theoretical predictions. These findings are quite robust in that they continue to hold
after controlling for other confounding factors such as mean reversion, sorting, and withstand several
sensitivity tests. The findings have important policy implications from the point of view of public school
reform.

It might be worthwhile here to consider the intuition behind the differences in public school responses
between the two voucher systems. Consider a school facing the Florida “Threat of Voucher” (TOV)
program, a school that just received the first “F” grade. The school realizes that if it can meet the
target cutoff (that is, avoid another “F” in the next three years), then it can obviate vouchers (and
the corresponding loss of revenue and stigma). Therefore, it has a strong incentive to exert effort to
escape the second “F”. In contrast, the same school facing a Milwaukee-type VS program realizes that
an increase in effort can serve to retain some marginal students, but it can in no way completely avoid
vouchers, as they have already been introduced. Therefore, under the TOV program, a threatened school
has more of an incentive to respond than the same school facing a VS program. The key design difference

that leads to this difference in incentives and responses is that vouchers have not yet been introduced in



the TOV program (unlike in the VS program). Rather, the TOV program issues a threat and provides
a window to respond, and an adequate response can completely obviate vouchers.

A rich theoretical literature analyzes multiple issues relating to school vouchers. See, for example,
Nechyba (1996, 1999, 2000) for distributional effects of alternative voucher policies in a general equilib-
rium framework that endogenizes residential choice; Epple and Romano (1998, 2002) for the effect of
vouchers and alternative voucher designs on sorting by income and ability; and Nechyba (2003) for the
effect of vouchers on income segregation and school quality. While Epple and Romano (2002) allows for
public school technical inefficiencies (exogenously) and Nechyba (2003) allows for efficiency gain (exoge-
nously) in public schools facing competition from vouchers, the above literature does not model public
school behavior.

Manski (1992) examines the impact of vouchers on public school expenditure and social mobility,
while allowing for rent-seeking public schools. Using a theoretical and computational model that includes
information asymmetries, and modeling public schools as rent maximizers, Ferreyra and Liang (2012)
simulate the effect of two policies: public monitoring of public schools and private school vouchers. They
argue that no single tool is sufficient, rather they argue that a combination of the two will dominate
private school vouchers.?> Modeling public school behavior and assuming rent maximizing public schools,
McMillan (2004) shows that under certain circumstances, public schools may find it optimal to reduce
productivity when a voucher is introduced. The current paper also models public school incentives,
behavior and quality, however, unlike McMillan, derives the demand for public school from equilibrium
household behavior, and also models peer quality. However, the most important difference with McMillan
(2004) as well as rest of the literature above is that unlike the above studies, this paper models and
examines the effects of the alternative U.S. voucher designs on public school incentives and performance,
and, consequently, compares and contrasts the effects of two alternative U.S. voucher programs (that

characterize the two different voucher designs implemented in the U.S.) on public schools.® Especially

4 Neal (2009) also argues that choice and accountability should not be seen as policy substitutes, but argue in favor of
combining both policies.

® It should be noted here that the combination of private school vouchers and public school monitoring modeled in
Ferreyra and Liang (2012) is different from the TOV scheme modeled in this paper. In the vouchers—public monitoring
scheme that they model, vouchers are already imposed. In addition, they supplement this voucher system with public
monitoring. In contrast, the key feature of the TOV system is that vouchers are not already imposed. Rather, the
policymaker issues a threat, or establishes a target/cutoff, and vouchers are introduced only if the school fails to meet that
cutoff. Also, while the policy intervention in the case of TOV is announcement of a cutoff, the public monitoring in Ferreyra
and Liang (2012) takes the form of “detailed evaluations of public school performance, direct observation of classroom and
administrative practices etc.”, and is costly.

6 The Cleveland voucher program (implemented in the 1995-96 school year), the District of Columbia voucher program



with the recent plethora of publicly funded voucher programs implemented in the U.S., it is absolutely
essential to understand the impacts of these two alternative voucher designs on public school incentives
and performance.

In the empirical literature, there has been a recent spurt of studies that look at the effect of vouchers
on public school performance and behavior. Greene (2001) and Greene and Winters (2003), respectively
studying the effects of the 1999 Florida program and the revised Florida program (after the 2002 grading
rule changes), find positive effects on treated schools. Figlio and Rouse (2006) find some evidence of
improvement of the treated schools in the high stakes state tests, but these effects diminish in the low
stakes, nationally norm-referenced test. West and Peterson (2006) study the effects of the revised Florida
program and find positive effects on student performance in treated schools. Rouse et al. (Forthcoming)
and Chiang (2009) investigate the effect of the latter program on public school behavior and find evidence
in favor of behavioral changes in threatened schools, such as more focus on instruction and teacher
development. Analyzing the impact of the Milwaukee voucher program on public schools after the
Wisconsin Supreme Court ruling of 1998, Hoxby (2003a,b) find a positive productivity response to
vouchers. The current study has been greatly informed by the Hoxby studies, and it follows Hoxby in the
treatment-control group classification in Milwaukee. Hoxby (2003a,b) look at the Milwaukee program
after the Supreme Court ruling of 1998. In contrast, (while I consider this phase of the Milwaukee
program towards the end of the paper), the focus of this paper is on the Milwaukee program before
the court ruling. This is because, except for the key design differences identified above, the program
characteristics in Florida were most similar to the characteristics of the Milwaukee program in its first
phase. Chakrabarti (2008b) compares the impact of the second phase of the Milwaukee program with
that in the first phase on public schools, and finds evidence in favor of a larger response in the second
phase.

The fundamental difference of the present paper with the empirical studies above is its focus on the
impact of alternative voucher designs on public school performance. In particular, there is no study

thus far (either theoretical or empirical) that seeks to compare public school response to the different

(implemented 2004-05) and the Indiana voucher program (implemented 2011-12) are also of the VS type, while the Ohio
voucher program (implemented 2006-07) and Louisiana voucher program (implemented 2012-13) are TOV-type. Among the
VS-type programs, the Milwaukee program is the oldest; while among the TOV-programs, Florida program is the oldest.
Another crucial aspect is that apart from the differences in designs highlighted in the paper (VS versus TOV), the other
features of the programs were very similar between the Florida and Milwaukee programs (which is essential for credible
comparisons of the VS and TOV designs). As a result, I focus on the Milwaukee and Florida programs.



U.S. voucher designs. This study fills this important gap. Second, unlike most of the above empirical
studies, this study controls for mean reversion, differences in pre-existing trends between schools, and
controls for the possibility that changes in student composition of schools may bias the program effects.”
Finally, unlike any of the above papers, this paper combines a theoretical and an empirical part,—the
theoretical part designed to model the basic features of the Florida and Milwaukee voucher programs,
and to compare and contrast the impacts of the two designs on public school performance; and the

empirical part aimed at testing the theoretical predictions.

2 The Model

I construct a model that captures the basic features of the Florida and Milwaukee programs. The
objective of the model is to investigate, in a simple framework, the effect of vouchers on public schools,
and specifically whether the differences in the Florida and Milwaukee designs would have different effects
on public school incentives and response. There are three agents in the model: (i) the public school,
(ii) the private schools, and (iii) the households. The public school is free and offers quality (¢) to all
households that choose to attend it. Quality ¢ is a composite of two factors: public school effort (e) and
public school peer-group quality (b). In keeping with the school choice literature (Manski (1992), Hoxby
(2003a), McMillan (2004), Ferreyra and Liang (2012)), the objective of the public school is to maximize
net revenue (“rent”) which is simply defined as revenue minus costs.” Public school revenue is given
by p-N, where p is the exogenously given per pupil revenue and NN is the number of students in public
school. Public school cost (Cp) is given by Cp (N, e) = ¢1 + ¢(IN) + C(e), where ¢; is a fixed cost. Both
¢(.) and C(.) functions are assumed to be increasing and strictly convex in their respective arguments.
I assume p — ¢y > 0, that is the “net marginal revenue” per student is positive.

There is a continuum of private schools providing a continuum of quality levels. Thus, in keeping

with the feature of the U.S. voucher programs, private schools do not choose between students who

" Exceptions are Figlio and Rouse (2006) that control for all three, Hoxby (2003b) that controls for differences in pre-
existing trends and Peterson and West (2006) that controls for changes in student composition of schools. Unlike the present
study, the analysis in Figlio and Rouse (2006) focuses on the low stakes test. While Greene (2001) and Greene and Winters
(2003) attempt to assess mean reversion effect, their analysis is based on post-program effects of schools. Hence any mean
reversion effect is likely to be confounded with post-program response of schools. For a more detailed literature review as
well as effect on low stakes test scores in Florida, see Chakrabarti (2008a).

8 For the remainder of the paper, I will refer to school years by the calendar year of the spring semester.

9 All results continue to hold if public schools are assumed to maximize enrollment subject to cost. An alternative
formulation could be to model the public school as a quality maximizer. However, in that case there would be no argument
for voucher programs as far as improving public school quality is concerned.



apply with vouchers.'® Note, though, that in reality private schools can choose whether or not to enter
(participate). I abstract from this here for simplicity. At the end of section 3.1, I discuss what might
happen if private schools could choose whether to enter. Households pay a tuition T =1¢-Q (¢t > 0) to
attend a private school of quality Q.

Households are characterized by an income-ability tuple (y, a), where y € [0, 1] and « € [0, 1]; y and
a are assumed to be independently and uniformly distributed. A household obtains utility (U) from
the consumption of the numeraire good (), school quality (#) and its ability («). The household utility
function is assumed to be continuous and twice differentiable and is given by U(z, 0, o) = h(x) + au(f).
The functions h and u are increasing and strictly concave in z and 6 respectively.

School qualities available to a household are public school quality and a continuum of (exogenously
given) private school qualities. Public school quality ¢ = ¢(e, b) is a continuous, twice differentiable,
increasing and concave function of public school effort e € [€,in, €maz] and public school peer quality b.
Public school peer quality is defined as the mean ability of the public school student body.'! If a public
school household decides to switch to a private school with vouchers, it incurs a positive switching or
relocation cost c.

The paper models three alternative scenarios: (i) a simple public-private system (PP) without vouch-
ers (the baseline), which can be thought of as the pre-program scenario for both programs; (ii) the
Milwaukee-type “voucher shock” (VS) program; and (iii) the Florida-type “threat of voucher” (TOV)
program. As discussed above, the Florida voucher system faced “F” schools with both “threat of vouch-
ers” and stigma. Most of this section deals with the effect of TOV. The effect of stigma is discussed at
the end of this section. As discussed later, one would expect the effect of stigma to work in the same
direction as TOV and hence stigma effect would serve to further reinforce the effects obtained in this
section.

The simple public-private system consists of two stages. In the first stage, the public school chooses
effort. In stage 2, households choose between schools after observing the last stage public school effort.

Peer-group quality and public school quality are determined.

10 Note that at equilibrium, private school quality will always exceed public school quality. Otherwise, no household
would pay to attend a private school. Chakrabarti (2009) shows that for voucher students, random selection by private
schools has indeed taken place.

1 Pyblic school quality can be thought of as being embodied in public school scores. The notion here is that public
school scores reflect both public school effort and public school peer-group quality, which in turn depends on the abilities
of the public school students. In other words, both public school and student characteristics contribute to school scores.



The VS program is analyzed in three stages. In the first stage, the government announces voucher
v. In stage 2, facing v, the public school chooses effort. In stage 3, households choose between schools
(after observing v and e). Peer-group quality and public school quality are obtained.

The TOV program is modeled in four stages. In the first stage, the Government announces the
program and a corresponding cutoff quality ¢ and voucher v. In stage 2, facing the program, public
school chooses effort. Given the existing peer group quality, q is realized. In stage 3, the government
imposes vouchers v if ¢ < q. No voucher is imposed if ¢ > ¢. In the last stage, households choose
between schools (after observing effort and whether vouchers were imposed). Peer-group quality and
public school quality are realized.

Each of the systems constitutes a game between two players: public school and households. Facing
the relevant program and correctly anticipating household behavior, public school chooses effort to
maximize rent. In the last stage, after observing the program, public school effort and whether vouchers
have been introduced, households anticipate a certain peer quality and choose between schools. At
equilibrium, anticipated peer quality equals actual peer quality. This yields an equilibrium peer quality
and a corresponding allocation of households between public and private sectors. Equilibrium public
school quality (composite of equilibrium public school effort and peer quality) is simultaneously obtained.

An equilibrium of the “threat of voucher” program is an effort-peer quality tuple (erov, brov), such
that given the quality cutoff ¢ and voucher v (i) eroy is a public school equilibrium, given broy and (ii)
brov is a household equilibrium, given eroy. The “voucher shock” equilibrium is a peer-group quality
bys and an effort ey g such that given voucher v (i) ey g characterizes the public school equilibrium, given
bys and (ii) byg characterizes the household equilibrium, given ey g. The public-private equilibrium is
characterized by an effort-peer quality tuple (epp,bpp), where (i) epp is an equilibrium of the stage 1

game, given bpp and (ii) bpp is an equilibrium of the stage 2 game, given epp.
3 Characterization of the program equilibria

This section solves for the household and public school equilibria and compares the public school qualities

under the PP, VS, and TOV equilibria.



3.1 Household behavior

This subsection analyzes household behavior under the three systems in a common framework. A
household (y, ) chooses private school iff D = [h(y +v —t - Q*(y, o, .) — ¢) + au(Q*(y, o, .))] — [h(y) +
au(q(e,b))] > 0 where Q*(y, o, .) is the optimal private school quality choice of household (y, ), and
v equals zero under the pre-program public-private system and under the Florida TOV system if the
public school escapes vouchers. It can be seen that %—5 > 0 and %—g > 0 which imply stratification by
income and ability respectively.

Suppose all households expect a peer group quality b¢ € [0,1]. Then for each y and given ¢, v,e,c
and expected peer group quality b¢ € [0, 1], there exists a unique household 0 < & < 1 such that all
households with lower ability choose the public school and those with higher ability choose a private

school. This & is the unique solution to the equation:

[h(y +v—=1.Q"() — ) + au(Q ()] = [A(y) + aulq(e, b%))] = 0 (3.1.1)

Since the indirect utility and the ¢ functions are continuously differentiable and D, > 0, by the implicit
function theorem, & = &(y;v,e,b%1t,¢) is a continuously differentiable function. Using the implicit
function theorem it is straightforward to check that for each income level, the cutoff ability level & is
decreasing in v and increasing in e, b€, t and c. Given all other parameters, the cutoff ability level varies
inversely with y. Given b¢, peer group quality b is given by:

fo &y, adady 1 fo (y,b°,.

fo a(y,be,. dady 2 fO y
At equilibrium b corroborates the initial conjecture be, that is, b = b°¢ (3.1.3)

b=

=g(b%e,v,t,c) (3.1.2)

In other words, if all households expect a peer-group quality, then at equilibrium this expectation has
to be fulfilled. Mathematically, given parameters e, v,t, ¢, a fixed point in b is reached. A household
equilibrium always exists.!? From (3.1.1)-(3.1.3), the equilibrium peer quality satisfies the equation
b* = g(b*, e, v,t,c). The corresponding equilibrium allocation of households between public and private
sectors is characterized by a(y, b*,.) for y € [0,1]. N(b* e, v,t,c) = fol fod(y’b*") dady = fol a(y, b, )dy
gives the corresponding number of students in public school at the household equilibrium b*.
Equilibrium number of public school students decreases with vouchers and increases with public

school effort. The proof is in appendix A. The intuition is as follows. An increase in public school effort

12 For proofs and discussion of existence and uniqueness of equilibrium, see working paper version of this paper,
Chakrabarti(2008a). The equilibrium is unique if the marginal utility from peer quality is not too high.



leads to an increase in the equilibrium cutoff ability level, &(y, b*), at each income level. This occurs
through two channels. Given b*, an increase in e induces households just above the cutoff at each income
level to switch to the public school. This increases peer quality, leading to a further influx of higher
ability households just above the cutoff from the private to the public sector. The consequence is an
increase in the equilibrium number of students with effort. Vouchers acting directly as well as indirectly
through peer quality induce a flight of high ability public school households at each income level to the
private sector at equilibrium.

The analysis here assumes that when vouchers are imposed, all households, irrespective of income,
become eligible for them. Although this is the case in Florida, in Milwaukee vouchers are targeted only
to the low-income population. I abstract from this here for simplicity. All results continue to hold
under targeted vouchers and are available on request. The results and the corresponding proofs are
also available in Chakrabarti (2008a). Note that given other parameters (e, v, ¢, ¢), the number of public
school students is less in a household equilibrium where all households are eligible rather than where
only the low-income are. The reason is that in the former case there is a flight of households at each
income level, whereas in the latter case it is restricted only to a subset of income levels.

It might be worth reflecting a little bit at this point on the other features of the model. As in the
actual programs, public school revenue is directly tied to the number of students in the model, vouchers
lead to loss in public school revenue and private schools cannot choose between students who apply with
vouchers. However, in the actual programs while private schools cannot discriminate between voucher
students, they can choose whether or not to participate in the program. I abstract from this in the
paper for simplicity, but it is worth discussing what would happen in this case. In this new scenario,
not all private schools will enter (if there is an entry cost), so we no longer have a continuum of private
schools. However, at least some private schools are likely to enter and participate in the program (and
this has been the case in both Florida and Milwaukee). Assuming at least some private schools enter,
for each income y, we will again have a unique &(y,v,.), and a(y,v,.) < a(y,0,.), with strict inequality
holding at least for some y. Signs of the partial derivatives of & with respect to its various arguments
remain the same as earlier. It follows that the equilibrium number of public school students still falls
with vouchers, and increases with an increase in public school effort. It might be worth noting here that
the voucher amount compared very favorably to tuition, so the voucher amount was not a constraining

factor to private school entry. Interestingly, Chakrabarti (2009) finds that the characteristics of private
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schools that actually participated in the program (voucher schools) were very similar to those of the

private schools that elected not to participate (non-voucher schools).
3.2 Public School Behavior

The public school correctly anticipates behavior in all the future stages of the corresponding game, and
chooses effort to maximize rent. The rent function is given by pN(e,v) — ¢1 — ¢(N(e,v)) — C(e).
Proposition 1 Fquilibrium effort of a public school under the “voucher shock” program can be either
greater or less than its effort in the pre-program public-private equilibrium.

The proof is in Appendix A. In the pre-program simple public-private equilibrium, marginal revenue
equals marginal cost of effort at epp. Vouchers affect both marginal revenue and marginal cost in
multiple ways and these effects together determine whether or not the public school increases effort. More
precisely, equilibrium effort increases iff the following expression is positive: [(p — ¢n)Ney — cN NNy Ne]
(3.2.1). Vouchers decrease the number of public school students. Since the cost function is convex in the
number of students, vouchers decrease marginal cost on this account. This is captured by the second
term in (3.2.1). The first term captures the change in net marginal revenue due to vouchers. This can
either increase or decrease with vouchers, thus rendering the effect on public school effort ambiguous.!?

Public school effort increases if either net marginal revenue increases or the decrease in marginal revenue

is less than the decrease in marginal cost.

Proposition 2 For each voucher v, there exists a cutoff effort level €4 such that the equilibrium effort
(erov) of a public school facing the “threat of voucher” program exceeds both

(i) its equilibrium effort under the “voucher shock” program, eys and

(ii) its equilibrium effort under the public-private system, epp.

The proof is in Appendix A. The Florida-type TOV program affects public school incentives in a way
very different from the Milwaukee-type VS program. A Florida public school facing the threat has two

options: it can choose to meet the cutoff or it can choose not to meet the cutoff. In the latter case, it is

2 . * 2 . * *
1 Ny = fol [6 aé(géz ) 4 8 aég(gl; =) %] dy. There are two effects. Vouchers lead to an exodus of relatively high-ability

households (at each income level) to private schools, so that the new marginal household has a relatively lower marginal
valuation of quality. Consequently, the number of students gained due to a marginal increase in effort is lower under
vouchers. This is captured by the negative first term. Second, since the marginal utility from school quality decreases with
quality (uqq < 0) the marginal number of students due to an increase in effort decreases with an increase in peer quality
(% < 0). Since vouchers lead to a fall in peer quality, the marginal number of students increases due to this factor
(which is captured by the positive second term).

1 Note that since peer quality is known, announcing a cutoff in terms of effort is equivalent to announcing a corresponding
cutoff in terms of quality.
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in the same state as its counterpart under the VS program. It chooses the VS optimum effort ey g and
gets the VS rent, R(eyg,v). Since vouchers decrease rent, it follows that the school can be induced to
satisfy a cutoff € strictly higher than ey g, where the rent from e without vouchers exactly equals the rent
from ey g with vouchers. Thus, the fundamental feature of the TOV that induces a higher effort is that
vouchers are not already imposed and a sufficient improvement can enable schools to escape vouchers.
Note that any cutoff in the range (ey g, €] induces an effort under the TOV program that is strictly higher
than under the VS program. For the sake of simplicity and to avoid messy computations, the analysis
here assumes that all households irrespective of income are eligible for vouchers under the VS program.
However, this result also holds for vouchers targeted only to the low-income population under VS, as
is the practice in Milwaukee. The formal proof is available on request and is available in Chakrabarti
(2008a).1?

Now consider the intuition behind the second part of proposition 2. The Florida TOV program
introduces a discontinuity in the rent function at the cutoff effort level. If the cutoff is set at eyg,
then meeting it gives a higher rent than choosing to accept vouchers. Since epp is the rent maximizing
effort under v = 0, setting the cutoff at epp gives an even higher rent to the public school. Given the
strict concavity of the rent function, there exists a cutoff € > epp which satisfies the school’s incentive
constraint. Again, any cutoff in the range (epp, €] induces an effort under the TOV program that is
strictly higher than under the PP program equilibrium.'® As appendices B and C show, these results

continue to hold when effort is not observable, but quality is, and there is no one-to-one relationship

15 The intuition can be laid down in two steps. Call the VS program where all students are eligible the “universal voucher
shock” (UVS) program and where only the low-income students are eligible the “targeted voucher shock” (TVS) program,
and the corresponding equilibrium number of students and equilibrium effort Nyvs, Nrvs and eyvs, ervs respectively.
First, note that the equilibrium rent under the TVS is greater than that under the UVS. Under the TVS, the school can
attract Nyvs students by giving a lower effort than under the UVS (follows from the discussion in page 10 and claim 1
in appendix A) and hence at a rent higher than under the UVS. Since the school chooses to attract Nrvs students, it
must be the case that rent is higher under the TVS. Second, if vouchers when imposed in the Florida-type TOV program
took a targeted form, then following the argument in proposition 2(i), the program could implement a cutoff € > ervs.
But vouchers take the universal form in Florida, which implies that the rent would be smaller than the TVS rent if the
school failed to meet the cutoff. This implies that there exists a cutoff € > € > ervs which satisfies the school’s incentive
constraint with equality and hence can be implemented by the TOV program. Any cutoff in the range (ervs, €] induces
higher effort under the TOV program than under the TVS program. To summarize the above discussion, there are two
features in the design of the Florida TOV that induce a higher effort than the TVS: (i) vouchers are not already imposed
and (ii) the potential loss of students is greater. But, as it follows from the above discussion, the first factor is sufficient to
induce a higher effort under the TOV.

16 In the TOV program it may be reasonable to think that there is a stigma attached to being labeled as a ‘voucher
public school’. For example, Maureen Backentoss, assistant superintendent of curriculum and instruction of Lake County
School District refers to it as a “glass of cold water in the face”. In the presence of such a stigma, the public schools gain an
additional utility if they are able to escape vouchers. This feature is absent in the VS program. Note that this will weigh
results in favor of the TOV and will induce an even higher improvement under the TOV.
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between the two. But the cutoff can no longer be set in terms of effort, which is now unobservable.
The basic intuition behind Proposition 2 can also be illustrated in a simple diagram. Consider Figure
1 Panel A. Let Ry denote the net revenue function of the public school under the baseline public-private
system. Then equilibrium effort under the public-private system is given by epp, and the equilibrium
rent by Rpp. Milwaukee-type vouchers lead to a downward shift of the net revenue function, and let
the new net revenue function be Ro. The equilibrium effort under VS is then given by ey g, and the
corresponding rent by Ry g. Panel A illustrates the scenario where epp > ey g, while Panel B illustrates
the scenario where epp < ey g. As can be seen from the Figure, any target effort under the TOV program
in the range (eyg, €], leads to an equilibrium public school effort under TOV that is strictly higher than
eys. On the other hand, any target effort in the range (epp, €] leads to an equilibrium effort under TOV
that is strictly higher than epp. For example, consider an effort cutoff of eppy. If the public school
matches this effort, it gets rent Rpoy. In contrast, if it fails to meet this cutoff, it gets a lower rent, Ry g.
It follows that the public school matches eroy and gets rent Rroy, and epoy > eys and eroy > epp.
Using propositions 1 and 2 and the properties of the household equilibrium (see claim 1 in appendix

A), the result below follows.

Corollary 1 (i) Equilibrium quality of a public school facing “threat of vouchers” :

(a) exceeds its equilibrium quality under the pre-program public-private system.

(b) exceeds its equilibrium quality under the “voucher shock” program.

(ii) Equilibrium quality of a public school under the “voucher shock” program can be either greater or
less than its quality in the pre-program public-private equilibrium.'”

Note that the statements in proposition 2 and corollary above are not statements relating to the public
school system as a whole. Rather they relate to a school facing the threat of vouchers in Florida (a school
that has got the first “F”, a “threatened” school) and the same school facing a voucher shock program
in Milwaukee. Thus the intended comparison is between a threatened school (alternatively referred to
as “more treated” school in the empirical part) in Florida and a demographically and socioeconomically
similar school (“more treated” school in the empirical part) in Milwaukee.

It is also worth noting here that while the above theoretical analysis on Florida focuses on the
“threat of vouchers”, the Florida voucher system has two components: “threat of vouchers” and stigma

associated with getting the lowest performing grade “F”. But, in the presence of such a stigma effect,

the schools get higher utility if they are able to escape an “F”. Thus, stigma affects incentives in the

17 1t follows from the above discussion that the corollary holds not just for the UVS system, but also the TVS system.
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same direction as “threat of vouchers” and further induces schools to exert higher efforts. Hence, this
implies that the equilibrium effort and quality of threatened public schools under the Florida voucher
system would be even greater than that obtained above. Formal proof of this result including stigma

effect is available on request.

4 Data

The data for this paper come from multiple sources. The Florida data consist of school-level data on
test scores, grades, socio-economic characteristics of schools and school finances and are obtained from
the Florida Department of Education (DOE). Data on socio-economic characteristics include data on
sex-composition (1994-2002), percentage of students eligible for free or reduced-price lunches (1997-2002)
and are obtained from the school indicators database of the Florida DOE. (As noted earlier, this paper
refers to school years by the calendar year of the spring semester.) School finance data consist of several
measures of school level and district level per pupil expenditures and are obtained from the school
indicators database and the Office of Funding and Financial Reporting, Florida DOE.

School-level data on test scores are available on the Florida Comprehensive Assessment Test Sunshine
State Standards (FCAT-SSS). (This test will be referred to as the FCAT in the remainder of the paper).
The FCAT reading and math tests were first administered in the year 1998. Mean scale scores (on a
scale of 100-500) on grade 4 reading and grade 5 math are available for 1998-2002. Mean scale scores
(on a scale of 1-6) on the Florida grade 4 writing test, which was first administered in 1993, are available
from 1994-2002.

The Wisconsin test scores analysis reported in this paper is obtained from Chakrabarti (2008b)—
a more detailed data description is available there. The results reported in this paper (based on
Chakrabarti (2008b)) use school-level data on socioeconomic characteristics, real per pupil expenditure,
and test scores for (i) the Wisconsin Reading Comprehension Test (WRCT) (percentage of students
above (% above) standard, 1989- 1996) (ii) the grade 5 Iowa Test of Basic Skills (ITBS) Reading (1987-
1993) (iii) the grade 5 Iowa Test of Basic Skills (ITBS) Math (1987-1997) and (iv) Wisconsin Knowledge
and Concepts (WKCE) Examination (1997-2002). The data are obtained from the Wisconsin Depart-
ment of Public Instruction (DPI), the Milwaukee Public Schools (MPS), and the Common Core of Data
(CCD) of the National Center for Education Statistics (NCES).

I also use data on addresses of public schools, private schools and participating choice schools in
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both Florida and Wisconsin. They are obtained respectively from the public and private school universe

surveys of the NCES, the Florida DOE and Wisconsin DPI.

5 Empirical Strategy

5.1 Linking Theory with Empirics

The empirical part of the paper seeks to test the following two theoretical predictions: (i) A Florida-
type voucher system will lead to an increase in quality of the threatened public schools. (ii) Quality
improvement of threatened public schools in the Florida-type system will exceed that of (demographi-
cally /socioeconomically) similar treated public schools in the Milwaukee-type program. School quality
is proxied by school scores.

Before moving on to the empirical part of the paper, I investigate the comparability of the settings
in Florida and Milwaukee. First, an important factor is whether the more treated (or F) schools under
the Florida TOV program were similar in terms of pre-program characteristics to the more treated
schools under the Milwaukee program. Appendix Table D.1 reports the pre-program characteristics of
more treated and control schools in Florida and Wisconsin. As can be seen, the more treated schools
in Florida were indeed similar to the more treated schools in Wisconsin and except in one case, the
differences between them were not statistically significant. Similarly, the control schools in Florida were
similar to the control schools in Wisconsin and the differences between them were never statistically
significant.

However, the treated schools were somewhat different from the control schools within each place.
This is because Wisconsin schools outside Milwaukee were considerably more advantaged than Milwaukee
schools. T ended up with this control group in spite of the strategy (following Hoxby (2003a,b)) of picking
control schools as similar as possible to the Milwaukee more treated schools in terms of pre-program
characteristics.

For purposes of comparison of program effects across the two programs, I use the C schools in Florida
(described in next section) as the control group in Florida. This is because not only do the more treated
schools need to be similar across the two programs in terms of pre-program characteristics, but it is
important to have the control groups similar as well across the two places. As can be seen, the control
group in Wisconsin was indeed very similar to the C schools in Florida and did not statistically differ

from them in terms of any of the characteristics (Table D.1). Still another advantage of picking the C
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schools as the control group in Florida is that while the D schools were more similar to the more treated
(F) schools in terms of grade and demographics, they were very close to getting an F grade and hence
to some extent perceived an indirect threat and hence were to some extent treated by the program.

Because of the differences between the treated and control schools, one might argue that in the
absence of the program the control group would have evolved differently from the more treated group.
However, I have multiple years of pre-program data, and can check (and control) for any differences
in pre-program trends of the treated and the control groups. This will get rid of any level differences
between the treatment and control groups, and will also control for differences in pre-program trends,
if any. It seems likely that once I control for differences in trends as well as in levels, any remaining
difference between the treatment and the control groups will be minimal. In other words, my identifying
assumption is that if the treated schools followed the same trends as the control schools in the immediate
pre-program period, they would have evolved similarly in the immediate post-program period too in the
absence of the program.

I also checked for differences in other dimensions across the two places. One important factor to
consider is the extent of pre-existing competition (both private and public). Using public and private
school addresses in the preprogram period, geocoding them and computing relevant distances, I find that
more treated schools faced relatively more competition (both public and private) in both places, but
the extent of relative competition was somewhat greater in Milwaukee than in Florida.!® Note that I
already control for differences in pre-existing levels and trends between schools in each of the two places,
which, to some extent, takes care of these differences. However, the differences in relative pre-existing
competition might affect treated schools differently in the two places in the post program period. Since
relative competition faced by the Milwaukee more treated schools was greater than that in Florida,
the estimates of the TOV effect in the paper as obtained from Florida will be underestimates. In this
case, the difference in effects (on more treated schools) between TOV and TVS may be actually larger
than that suggested by the empirical estimates in the paper. I also rerun the regressions (described in
the following section) after including interactions of the program dummy respectively with pre-program
numbers of private schools within one mile radius and pre-program numbers of public schools within one

mile radius in each of the two places, so as to control for any differential effects that the differences in

18 The measure of public (private) competition here is the number of public (private) schools within a certain radius. I
use 1, 2, 3 and 5 mile radii.
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pre-existing competition may have after the program. The results remain qualitatively similar and are
available on request.

Another issue is the extent of post-program competition. While the Milwaukee program allowed
voucher students to move to participating private schools, the Florida program allowed them to move
to participating private schools as well as high performing (A, B, C) public schools. Therefore, to
assess the extent of post-program competition, I investigate whether the total number of participating
private schools and high performing public schools around an average more treated school in Florida
was comparable to the number of participating private schools around an average more treated school in
Milwaukee. I find that there were 0.67 participating private schools within 1 mile radius of an average
more treated school in Milwaukee, while there were 0.60 participating private schools and high performing
public schools within 1 mile radius of an average threatened school in Florida. These numbers are not
very different,—if anything, competition in Florida was little less than in Milwaukee, so that the empirical
estimates of the response of the more treated schools under TOV may be once again underestimates in
that sense—that is, the differences in responses of the more treated schools under TOV versus TVS may
be actually larger than what the paper suggests.

Fourth, since Milwaukee is an urban district, I repeated my analysis by comparing the improvement
of more treated schools in Milwaukee with that of threatened schools in the largest urban district in
Florida, Miami Dade County. The results are similar to those below and are available on request. The
above discussion suggests that comparison of program effects in the two places can serve as a test of the
relevant theoretical prediction. However, it is worth noting here that if there are factors or settings that
affect more treated groups differently (relative to the control schools) only in the post-program period
and this phenomenon is asymmetric across Florida and Milwaukee, then this might bias my empirical
results. Any pre-existing differences in trends or levels are controlled for, but if there are differences that
arise only in the post-program period, affect the more treated schools differently, and are unique to only
one of the places, then these can act as potential confounding factors. While the preceding analysis in
this section as well as a variety of sensitivity checks later give confidence to the results, because of this
potential caveat, the results should be taken as strongly suggestive. If we indeed find in the empirical
analysis that the treatment effects in Florida exceed the corresponding effects in Milwaukee, then that
would indicate that the empirical findings are consistent with the theoretical predictions, and that the

empirical analysis provide evidence and support in favor of the theoretical predictions.
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5.2 Samples and Specifications

In Florida, the schools that received an “F” grade in 1999 were directly exposed to stigma and the
threat of vouchers. These schools constitute the group of treated schools and will be referred to as
“F schools”.' The schools that received a D grade in 1999 were closest to the F schools in terms of
grade but were not directly treated by the program. These schools will constitute my initial group
of control schools and will be referred to as “D schools”. Since the program was announced in June
1999 and the grades were based on the tests held in February 1999, the classification of schools into
treatment and control groups is made here on the basis of their pre-program scores and grades. Using
pre-program data, I first test whether the F and D schools exhibited similar trends before the program.
If they had similar pre-program trends, I use the following set of specifications to investigate whether
the F schools demonstrated a higher improvement in test scores in the post-program era. If the F
schools demonstrated a differential pre-program trend, in addition to estimating these specifications, I

also estimate their modified versions where I control for their pre-program differences in trends.
sit = fi + aot + v+ ag(F*v) +as(vt) + ag(F xv*t) + a5 Xy + € (1)

where f; denotes school fixed effects, ¢ is time trend, v is program dummy, v = 1 if year > 1999
and 0 otherwise. The variables v and v * ¢ respectively control for post-program common intercept
and trend shifts. The coefficients on the interaction terms F v and F % v *x t estimate the program
effects—an captures the intercept shift and a4 the trend shift of F schools. X;; denotes the set of school
characteristics.

I also estimate a completely unrestricted model that includes year dummies to control for common
year effects and interactions of post-program year dummies with the F school dummy to capture indi-
vidual post-program year effects. This specification no longer constrains the post-program year-to-year
gains of the F schools to be identical and allows the program effect to vary across the different years.

The coefficients 71,7 = {2000, 2001, 2002} capture the post-program year effects.

2002 2002
si=Ffi+ > wDi+ Y 7i(F #Di)+ foXit + e (2)
i=1999 i=1999

The above specifications assume that D schools are not affected by the program. Although D schools

did not face any direct threat from the program, they might have faced an indirect threat since they

191 restrict my analysis to elementary schools in both Florida and Milwaukee as there were too few treated middle and
high schools in the respective places to justify analysis.
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were close to getting “F”.20 Therefore, I next allow the F and D schools to be different treated groups
with varying intensities of treatment (“more treated” and “less treated” groups respectively). I compare
their post-program improvements with 1999 C schools (C schools from now on), which were the next
higher up in the grade scale, using the above three specifications after adjusting for another treated
group. It should be noted here that since both D and C schools might have faced the threat to some
extent, my estimates may be underestimates (lower bounds), but not overestimates. All specifications I
describe here are fixed effects regressions. I also estimate OLS counterparts of each of these specifications
which also include dummies for the different treated groups. An important concern is that the treatment
effects based on the above methodology may be biased due to the presence of potentially confounding
factors such as mean reversion, sorting, presence of stigma effect associated with grade F. These issues
are discussed in section 6.2.

The empirical analysis and the results for the Milwaukee part are obtained from Chakrabarti (2008b).
The treatment—control classification strategy there follows Hoxby (2003a,b). It uses the basic Hoxby
(2003a,b) intuition that the extent of treatment of the Milwaukee schools depended on the percentages
of their students eligible for free or reduced price lunches, since the free or reduced price lunch eligible
students of the MPS were the ones eligible for vouchers.?! I classify the schools into three treatment
groups based on their pre-program (1990) percentages of free or reduced price lunches—schools that had
at least 66% of their students eligible as “more treated”; schools with eligibility between 66% and 47%
as “somewhat treated”; and schools with less than 47% eligibility as “less treated”. I refer to this sample
as the 66-47 sample. For robustness of the results to alternative sample specifications, see Chakrabarti
(2008b). T focus on the 66-47 sample in this paper because the baseline characteristics of the more
treated (control) group in this sample are most similar to those of the more treated (control) schools in
Florida.

The control group criteria are also based on Hoxby (2003a,b). For similarities and differences of
this treatment—control strategy with Hoxby (2003a,b), see Chakrabarti (2008b). Since all schools in

Milwaukee were potentially affected by the program, the control group consists of Wisconsin schools

20 In fact, there is some anecdotal evidence that D schools might have responded to the program. The superintendent of
Hillsborough county, which had no F schools in 1999, announced that he would take a 5% pay cut if any of his 37 D schools
received an F on the next school report card. (For more evidence, see Innerst, 2000).

21 While 175% was the cutoff poverty level for eligibility, this cutoff was not strictly enforced (Hoxby (2003b)) and
households within this 10% margin (175% and free or reduced price lunch eligibility cutoff 185%) were often allowed to
apply. Also there were very few students who fell in the 175%-185% range.

19



outside Milwaukee that: (i) had at least 25% of their population eligible for free or reduced-price lunch
(ii) had black students compose at least 15% of the school population, and (iii) had locales (as defined by
CCD) as similar as possible to the Milwaukee schools. Since Wisconsin schools outside Milwaukee were
much more advantaged, I could find only 33 such elementary schools,—they were also geographically
located close to Milwaukee.

The empirical methodology employed for Milwaukee is the same as above,—I estimate OLS and
fixed-effects versions of the two specifications (1)-(2) after adjusting for the relevant years, number of
treatment groups and controlling for (any) differences in pre-program trends. The baseline characteristics
of the more treated and control groups in the two places are shown in Table D.1—the more treated and
control groups in Wisconsin were demographically/socioeconomically very similar to the corresponding

groups in Florida.??

6 Results

6.1 Obtaining the Treatment Effects in Florida and Milwaukee

In Florida, investigation of pre-program trends reveals that in reading and math, F schools exhibit no
differential trends with respect to D schools, although they exhibit a negative differential trend relative
to C schools in reading. In writing, F schools exhibit negative differential trends relative to both D
and C schools. (These results are not reported here but are available on request.) Whenever there is
a difference in pre-program trends, the regressions reported control for these differences by including
interactions between trend and the respective treatment dummies.?3 Table 1 presents the effects of the
Florida TOV program on F school reading, math and writing scores as compared to the D schools. For

reading, the first two columns report results from the linear model 1, and the final two columns from the

22 Note that the test scores under consideration in Florida are high stakes FCAT test scores. Since the threat in the
Florida program was given in terms of grade, the response of the Florida threatened schools has to be assessed in terms of
the high stakes test. Since this study is interested in examining the response of the threatened schools, it focuses on the
high stakes tests in Florida. For example, even if there is no improvement in the low stakes test, it cannot be concluded
that the public schools did not respond to the program. The test under consideration in Wisconsin are state tests (WRCT
or WKCE) and district test (ITBS). These tests are low stakes. Note that the comparison of the effects on the more treated
schools in the two places in terms of these tests is legitimate as the Florida FCAT tests are high stakes to the threatened
schools precisely because of the Florida accountability-tied voucher system, that is, the Florida accountability-tied voucher
program had the capacity to make the corresponding tests high stakes unlike the Milwaukee-type voucher program (that
did not have an accountability component.)

23 When data are available for only two years before program (for example, reading and math), the pre-program difference
between treatment and control groups can be either a trend difference or a year effect. Specification 1 controls for this
pre-program difference assuming it is a trend difference, and specification 3 controls for it assuming this difference is a year
effect. Results from regressions without controlling for these pre-program differences are qualitatively similar.
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non-linear model 2. Both OLS and fixed effects (FE) estimates in the first two columns show positive
intercept and trend shifts for the F schools , although the latter is not significant in the fixed-effects
estimate. These effects are disaggregated in columns (3) and (4) where the coefficients reflect the effects
of the program after one, two and three years. Both the OLS and fixed-effects estimates show positive
and significant year effects in each of the years after program.

For math and writing, the first column reports results from the linear model 1, and the second column
from non-linear model 2.24 In math, there is a positive, significant, large intercept shift after the program
although there is no evidence of any trend shift. Column (6) shows evidence of positive significant F
school year effects in math in each of the three years after the program. In writing, column (7) shows
positive and statistically significant intercept and trend shifts for the F schools. The last column shows
positive, significant year effects in writing in each of the three years after the program.

Next, considering D schools as an additional treated group, Table 2 looks at the effect of the program
on F (more treated) and D (less treated) schools as compared to C schools. For each subject, the first two
columns present results from model 1, the last two columns from model 2. In reading, F' schools exhibit
positive significant trend and intercept shifts that exceed the corresponding shifts of D schools. In both
math and writing, F schools exhibit positive, significant and large intercept shifts that are statistically
greater than that of D schools. Results from the unrestricted model show positive significant year effects
in reading, math and writing for F' schools in each of the years after program. Although many of the
D school effects are also positive significant, the F school shifts are both economically and statistically
larger in each of the years.?> Since the C schools are most similar to the Wisconsin control schools, the
estimates of treatment effects obtained from this sample are used for comparison with the corresponding
Milwaukee effects. To put the above effects into perspective, the standard deviation of FCAT reading
scores in this sample is 20, and the standard deviations of FCAT math and writing scores respectively
are 20 and 0.53. To summarize the above results, using different samples, different subjects, different
specifications, and both OLS and FE estimates, the results above show considerable improvement of F

schools after the program. Although D schools show non-negligible improvement, their improvement is

24 In many of the tables, only the fixed effects estimates are reported. The OLS results are very similar to the FE
estimates and hence are omitted.

25 It should be noted here that both F and D schools received additional funds from the state. However, all results
above are obtained after controlling for real per pupil expenditure. The results are not sensitive to inclusion of real per
pupil expenditure, nor do they change after including a polynomial in real per pupil expenditure. Moreover, even in the
pre-1999 period, the critically low performing schools received extra assistance,—however this did not result in improved
performance of this group in this period, as Table 4 shows in a different context.
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smaller and also statistically different from those of F schools.

The results for Milwaukee are obtained from Chakrabarti (2008b), and the relevant ones are collated
in Table D.2. Using the 66-47 sample, it presents the effects of the Milwaukee “voucher shock” program
on WRCT (% above), ITBS reading, and ITBS math scores of different treatment groups. Except
the positive and statistically significant effect in WRCT reading in its second year, there is no other
statistically significant evidence of any effect of the program. Although many of the effects are positive,
they are often not statistically significant and do not always have the right hierarchy (example, the
somewhat treated effects often exceed the corresponding more treated effects). Thus the results in
Milwaukee are mixed. To put the effects into perspective, the standard deviation of WRCT (% above)
scores in this sample is 16, and the standard deviations of I'TBS reading and math scores respectively

are 18.45 and 16.71.
6.2 Investigating Potentially Confounding Issues

Before moving to the comparison of treatment effects, it is essential to investigate whether the effects
above are biased due to the presence of potentially confounding factors, for if so, such a comparison may
not serve as a valid test for the second prediction.

Mean Reversion

Mean-reversion is the statistical tendency whereby high or low scoring schools tend to score closer to
the mean subsequently. Since the F schools were low scoring in 1999, a natural question to ask would be
whether the improvement in Florida is driven by mean reversion rather than the program. Since I do a
difference-in-differences analysis, my estimates will be contaminated by mean reversion only if F schools
revert to the mean to a greater extent than the D schools and/or the C schools.

For a first pass at the mean-reversion issue, following Kane and Staiger (2002), I investigate whether
the schools that were low scoring in 1998 were also low scoring in 1999. Interestingly, in each of reading,
math and writing, more than 70% of schools that ranked in the bottom tenth percentile in 1998 also
ranked in the bottom tenth percentile in 1999. This implies that although there may be mean reversion,
it may not be a major problem.

A more direct way to approach mean-reversion is to check by how much the schools that received an
“F” grade in 1998 improved during 1998-1999 compared to those that received a “D” (or “C”) grade in

1998. Since this was the pre-program period, the gain can be taken to approximate the mean reversion
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effect and can be subtracted from the post-program gain of F schools compared to D schools (or C
schools) to get at the mean-reversion corrected program effect.

The accountability system of assigning letter grades to schools started in the year 1999. The pre-1999
accountability system classified schools into four groups I-IV (I-low, IV-high). However, using the state
grading criteria and data on percentage of students in different achievement levels in each of FCAT
reading, math and writing, I was able to assign letter grades to schools in 1998.

The state assigned school grades based on FCAT reading, math and writing scores. In FCAT reading
and math, it categorized students into five achievement levels (1-5) that correspond to specific ranges on
the raw-score scale. Using current year data, it designated a school an “F” if it was below the minimum
criteria in reading, math and writing, a “D” if it is below the minimum criteria in one or two of the three
subject areas, and “C” if it is above the minimum criteria in all three subjects but below the higher
performing criteria in all three. In reading and math at least 60% (50%) of the students had to score
level 2 (3) and above while in writing at least 50% (67%) had to score 3 and above to meet the minimum
(higher performing) criteria in that respective subject. The schools that were assigned grades “F”, “D”
or “C” in 1998 using this criteria will henceforth be called the 98F schools, 98D schools, and 98C schools,
respectively. Using data for 1998 and 1999, Table 3 Panel A finds that in comparison to 98D schools,
98F schools show no evidence of mean reversion in reading or math, although there is mean reversion
in writing. In comparison to 98C schools (Panel B), there is no evidence of mean reversion in reading;
both 98D and 98F schools show comparable amounts of mean reversion in math; and only 98F schools
show mean reversion in writing.

An alternative way to get around the problem of mean reversion is to do a regression discontinuity
(RD) analysis. I briefly describe the strategy here, but the results are not reported here for lack of space.
They are available in Chakrabarti (2008a) and are also available on request. The Florida program created
a highly non-linear and discontinuous relationship between school achievement and the probability that
the school’s students would become eligible for vouchers in the near future. Exploiting this, the strategy
is to compare F schools just below the cutoff between “F” and “D” with D schools just above the cutoff.
Based on the state grading criteria, I construct a discontinuity sample where both F and D schools failed
to meet the minimum criteria in reading and math in 1999, while in writing, only F schools failed the
minimum criteria. In this sample, the probability of treatment varies discontinuously as a function of a

continuous variable, the percentage of students scoring at or above 3 in 1999 FCAT writing. There is
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a sharp cutoff at 50%. Using this sample, there is a discontinuous relationship between assignment to
treatment (i.e. facing the threat of vouchers) and schools’ percentages of students scoring at or above 3
in writing (Chakrabarti 2008a).26 The results from the regression discontinuity analysis are consistent
and qualitatively similar to those from the above analysis (and are available on request).

Although the Milwaukee program is not conditional on low performance of schools, the more treated
schools were also among the lowest scoring schools in each of the subject areas before the program.
However, there is no evidence of any mean reversion in any of the subject areas in Milwaukee (see
Chakrabarti (2008b)).

“Threat of Vouchers” Versus Stigma

The objective of this paper is to compare the effect of the whole Florida voucher system (that incorporates
both “threat of vouchers” and stigma) with the effect of the Milwaukee voucher program on comparable
treated schools. Still, it might be instructive to try to separate out the two effects in Florida. In this
section, I investigate whether it is possible to say whether the above effects on the Florida threatened
schools were caused by the “threat of vouchers” or stigma. I use the following strategies to investigate
this issue.

First, although the system of assigning letter grades to schools started in 1999, Florida had an
accountability system in the pre-1999 period which categorized schools into four groups 1-4 (1-low, 4-
high) based on FCAT writing, and reading and math norm referenced test scores. Using FCAT writing
data for two years (1997 and 1998), I investigate whether schools that were categorized in group 1 in
1997 improved relative to the 1997 group 2 and group 3 schools during the period 1997-98. The rationale
is that if there was a stigma effect of getting the lowest performing grade, group 1 schools should improve
in comparison to the group 2 and 3 schools even in the absence of the TOV program. Table 4 shows
that there is no evidence that this has been the case.?”

Second, all schools that received an F in 1999 received higher grades (A,B,C,D) in the years 2000,

2001. Therefore although stigma effect on F schools might have been operative in 2000, this was not

26 T also consider two corresponding discontinuity samples where both groups fail the minimum criteria in reading and
writing (math and writing). F schools fail the minimum criteria in math (reading) also, unlike D schools. In these samples,
the probability of treatment changes discontinuously as a function of the percentage of students at or above level 2 in math
(reading) and there is a sharp cutoff at 60%.

27T do not use the pre-1999 reading and math norm referenced test (NRT) scores because different districts used different
NRTs during this period, which varied in content and norms. Also districts often chose different NRTs in different years.
Thus these NRT's were not comparable across districts and across time. Moreover, since districts could choose the specific
NRT to administer each year, the choice was likely related to time varying (and also time-invariant) district unobservable
characteristics which also affected test scores.
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likely to have been the case in 2001 or 2002 since none of the F schools got an F in the preceding year.
Yet, as shown earlier F schools exhibited gains in both 2001 and 2002. Since F schools continued to face
the threat of vouchers till 2002, this provides further evidence in favor of the TOV effect and against
the stigma effect.

Third, I also use another strategy to investigate this issue. This strategy exploits the relationship
between private school distribution around threatened schools and its relationship with threatened school
response.?® F schools that had more private schools in their near vicinity would likely lose more students
if vouchers were implemented, and hence would face a greater threat of vouchers than those that had
less. However, since stigma was a “bad” label associated with F, these schools would face the same
stigma. Therefore if the response was caused by “threat of vouchers”, then one would expect to see
a greater response from F schools that had more private schools in their near vicinity. This, however
would not be the case if the response was driven by stigma. To investigate this issue, I exploit the
pre-program distribution of private schools, and investigate whether threatened schools that had more
private schools in their immediate vicinity showed a greater response. Interestingly, this indeed was the
case. The results are not reported here for lack of space, but are available on request.

To summarize, the above analysis suggests that the F-school effects obtained above were driven
by “threat of vouchers” rather than stigma. Note though that even otherwise, the effects obtained
above capture the effects of the whole program on F-schools, that is the effects of a combination of
threat of vouchers and stigma generated by a voucher system that embeds vouchers in an accountability
framework. As outlined above, the objective of the paper is to identify the effect of the whole Florida-
voucher system, that is the effect of an accountability tied voucher program on the threatened schools,
and compare this effect with the corresponding effect of the Milwaukee program on similar schools.
Sorting
Vouchers affect public school quality not only through direct public school response but also through
changes in student composition and peer quality brought about by sorting. All these three factors get
reflected in public school scores. This issue is important in Milwaukee since over the years students left
the MPS with vouchers. In Florida, on the other hand, no school became eligible for vouchers in the
years 2000 or 2001. Therefore the effects in Florida (for each of the years 2000, 2001 and 2002) were not

likely to have been affected by this factor.

28 T would like to thank David Figlio for suggesting this strategy.
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First, each of the regressions control for demographic composition of schools. However any change
in student composition in terms of unobservable factors may not be controlled for by these factors. It
may be noted that inclusion of demographic controls do not change results by much, either in Florida
or in Milwaukee. Also, to investigate this issue, using appropriately modified versions of models (1)-(2)
(and with the dependent variable replaced by demographic variables), I examine whether demographic
composition of the different Milwaukee treated groups changed after the program relative to the control
schools. T do not find such evidence (Chakrabarti (2008b)).

While vouchers leading to sorting was not applicable in Florida, F, D, C grades could lead to dif-
ferential sorting of students in these types of schools.?? Note that the effects above would be driven
by sorting only if F schools faced a relative flight of low performing students and/or a relative influx
of high performing students in comparison to D or C schools. There is no a priori reason as to why
this might happen. However, to investigate this issue further, I repeat the same exercise (as above) in
Florida also,—there is no evidence of any relative shift of the demographic composition of F schools in

comparison to D or C schools after the program. (The results are available on request.)
6.3 Comparing the Treatment Effects in Florida and Milwaukee

In this section, I compare the effects of the Florida and Milwaukee programs on the respective more
treated schools in reading and math both before and after correcting for mean reversion. (No writing test
data are available in Milwaukee during the relevant period.) The results are presented in Table 5—the
figures are based on those in Tables 2, 3 and D.2, and all figures are expressed in terms of respective
sample standard deviations. The comparison results presented here correspond to model 2, results from
model 1 present a similar picture. Pre-correction results show positive and significant effect sizes in
Florida in each of the years and subject areas which exceed the corresponding Milwaukee effect sizes
economically in every case. The Florida effects are also statistically different from the Milwaukee effects
in the first and third years after program, in both reading and math.

Mean reversion corrected effect sizes are obtained by subtracting the effect size attributed to mean
reversion (obtained from expressing the relevant coefficients in Table 3, panel B in terms of respective
standard deviations) from the F school effect sizes in each of the three years after program. The estimates

in reading are the same as earlier. In math, although the effect sizes fall in Florida, they are still positive

2 Figlio and Lucas (2004) find that following the first assignment of school grades in Florida, the better students
differentially selected into schools receiving grades of “A”, though this differential sorting tapered off over time.
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and considerably larger than those in Milwaukee.?® Once again, the Florida effects are statistically
different from the corresponding Milwaukee effects in the first and third years after program in both
subject areas. These results provide strong evidence in favor of both the theoretical predictions. It should
be noted that since none of the F schools got an “F” in either 2000 or 2001, the mean reversion corrected
effect sizes attributed to the Florida program in the second and third years may be underestimates.?!
The Milwaukee program saw a major shift and entered into its second phase when following a 1998
Wisconsin Supreme Court ruling, the religious schools were allowed to accept choice students for the
first time in the 1998-99 school year. (I will refer to the post-shift period as second phase Milwaukee or
Milwaukee phase II.) This led to a massive increase in the number of MPCP schools and students and
the MPS membership fell for the first time. It is tempting to compare the treatment effect in Florida
with that in Milwaukee phase II also. However, it is not clear whether this comparison is legitimate.
Except for the key differences outlined above, the other features of the two programs were very similar
and comparable between Florida and Milwaukee phase I (as described in the introduction). However this
was not so in phase II. Due to some funding changes, the voucher amount ($5,220 on average) as well
as the revenue loss per student per year was much higher in Milwaukee Phase II than in either Florida
or Milwaukee Phase I. Moreover, in Florida we observe the effect of the program only in its first three
years while in Milwaukee Phase II we observe the program 9-12 years after it was first implemented. It

is reasonable to expect that adjustments and/or effects of adjustments take time to get reflected in test

301 also do a pair-wise non parametric test (sign test), where I ignore the significance of coefficients and consider only
their signs. Under the null of equal effects the probability that any one effect size in Florida exceeds the corresponding
one in Milwaukee is % Under the null, D =Florida effect-Milwaukee effect follows a binomial distribution. D is positive in
all cases. The probability of getting all positive D under the null is very small and hence the null of equal effects can be
comfortably rejected.

317t might be worth comparing these effect sizes with those obtained in the literature. Greene (2001), and Figlio and
Rouse (2006) study the effect of the 1999 Florida program on F schools in the first year after program. Greene (2001) finds
F-school effects (relative to C schools) to be 0.42 standard deviations in reading and 0.67 standard deviations in math,
while Figlio and Rouse (2006) finds 0.09 of a standard deviation improvement in reading and 0.23 of a standard deviation
improvement in math for the F schools. These effects are not directly comparable to those in the current study due to
the differences in methodology, specifications and samples. For example, the estimates in Greene (2001) do not control for
mean reversion or pre-program trends or changes in demographic compositions of schools. The effects in Figlio and Rouse
(2006) are relative to all higher-graded schools (so their comparison group was different), do not control for pre-existing
trends or mean reversion, and also pertain to data on the group of Florida districts for which they had micro data. Note
that the main focus of Figlio and Rouse (2006) was looking at low stakes tests (not high stakes tests, so the estimates above
are their initial estimates). Chiang (2009) and Rouse et al. (forthcoming) look at the second phase of the Florida program
after the 2002 changes. Thus they look at a different time period and the program parameters had also changed, and their
methodology and samples were also different, so their effect sizes are not directly comparable to those in this paper. Using
a regression discontinuity estimation strategy with a 28-point bandwidth, Chiang finds effect sizes of 0.11 in reading and
0.12 in math one year after the program shift. Rouse et al. (forthcoming) finds 0.6-0.14 standard deviation effect sizes in
math and 0.6-0.10 standard deviations effect in reading for F schools (relative to the sample of all higher-graded schools)
also one year after the program shift.
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scores. Since each of these would indicate a higher response in Milwaukee Phase II, it is not clear that
the effect of the Florida program will still be higher than that in Milwaukee Phase II. In spite of these
problems, I compare the treatment effect in Florida with that in Milwaukee Phase II, but the results
should be interpreted with the above caveats in mind.

The first four columns of Table 6 present estimates before correcting for mean reversion, while the
last four columns present mean-reversion corrected estimates. All figures are in terms of sample standard
deviations. The Florida effects are the same as earlier. The Milwaukee estimates correspond to non-
linear regressions corresponding to model (2) (for the actual regression results, see Chakrabarti (2008b))
run on the WKCE reading and math test scores (1997-2002) using the 66-47 sample. While interpreting
these results, it should be remembered that the caveats mentioned earlier are likely to bias the Milwaukee
phase II effects upwards. Inspite of that, the Florida effects for each of the years and each of the subject
areas, and both before and after mean reversion correction are economically larger (and also statistically
so in some cases) than the corresponding Milwaukee estimates except second year reading (which are
the same).

Consistent with the above findings, there is considerable anecdotal evidence that suggests that F
schools have responded to the program. Escambia county implemented a 210-day extended school year
in its F schools (typical duration was 180 days), implemented an extended school day at least twice a
week and added small group tutoring in afternoons and Saturdays. Palm Beach County targeted its
fourth grade teachers for coaching and began more frequent and closer observations of teachers in its
F schools. (For more evidence, see Innerst, 2000.) In the words of Carmen Varela-Russo, associate
superintendent of technology, strategic planning and accountability, Broward County Public Schools,
“People get lulled into complacency”. . .“the possibility of losing children to private schools or other

districts was a strong message to the whole community.”

7 Conclusion

This paper examines the role of vouchers as instruments of public school reform. It argues that voucher
design matters,—differences in voucher designs affect public school incentives differently and hence in-
duce different responses from them. Therefore, understanding the effects of different voucher designs
is essential to the formulation of effective voucher policies. This study contributes in this direction by

comparing the effects of two U.S. voucher programs—that characterize the two different voucher designs
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implemented in the U.S. so far—on public school incentives and performance. The Florida program
was an accountability tied voucher system that incorporated both “threat of vouchers” and stigma.
Schools receiving the first “F” grade faced stigma as well as were directly threatened by vouchers. But
vouchers were introduced only if they failed to meet a certain government designated quality cutoff.
The Milwaukee program, on the other hand, was a “voucher shock” program with a sudden government
announcement that all low income public school students would be eligible for vouchers. In the context
of an equilibrium theory of public school and household behavior, this paper argues that the Florida-
type program should bring about an improvement in performance of the threatened public schools and
this improvement should exceed the improvement (if any) of the corresponding more treated schools in
the Milwaukee-type program. Using data from Florida and Milwaukee, and a difference-in-differences
estimation strategy in trends, it then finds robust evidence in favor of the theoretical predictions. These
findings are robust to alternative specifications, samples and potentially confounding explanations, con-
tinue to hold after adjusting for mean-reversion, and survive a regression discontinuity analysis.

The main contribution of this paper is that it is the first to show that differences in voucher designs—
specifically, the two alternative voucher designs implemented in the United States—can have very dif-
ferent incentive and performance effects on affected public schools,—and it does so theoretically as well
as empirically. The findings have important policy implications which are all the more relevant in the
context of the present concern over public school performance. They suggest that if the objective of
the policy maker is to improve the quality of public schools, then the Florida-type “threat of voucher”

program rather than the Milwaukee-type “voucher shock” program promises to be more effective.

Appendix A: Proofs of results
Claim 1:Equilibrium number of public school students falls with vouchers and increases with effort.
Proof. Step 1: Equilibrium peer-group quality falls with vouchers and increases with effort.

Effect of an increase in e:

dg(b*,.) * 1 A

ob* 5 dg(b*,.) 1 / . S

S R - : L Y i
be 1 dalm) WRETE e N ), (W) =80 ody

The denominator is positive from uniqueness. Consider
Jo (@() =0y = [ [a() — . [ adaldy (A.1).
For any y, [&(.).N(.) — fod(') ada] = d(.)[fo1 a(.)dy — dg')], which is positive. Therefore, A.1> 0.
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It can be checked that gj{% < 0. &(y) is inversely related to y. If for some large y, [&(y, b*,.) —b*] <0
then there must exist some y = y1, y1 € (0, 1) such that &(y1,b*,.) = b*. Then,

Y1 1
/ (6(y,b%,.) — b")dy > | / (6(y,b",.) — b)dy
0

Y1

Gy, b w0y Lo o 86y,
= [t =00 28y > | [t -0 22y
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" Gy b, ) — b, S0 ) Lt ey 96, ) ob*
=+ [t - 25y > | [ (@, =0 25y = >0

Effect of an increase in v:
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5b 89l0") 5g(b*,.) 1 / o N
— W wh — ' _p). 22
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The denominator is positive from uniqueness. Since A.1 > 0, gfj <0, (?m?; > 0 and &(y) is inversely
related to y, the numerator is negative. Therefore, % < 0.

Step 2: Fquilibrium cutoff ability at each income level falls with vouchers and increases with effort.

FOIIOWS from éa(%veb 7') éa(yv |b* éa(zﬁb 7)% and éa(%f 7') éa(yv |b* éa(y;b 7')

55 5 .%* and step 1.
From step 2 and definition of N (b*,.), the proof follows.

Proof of Proposition 1. Under the VS program, ey g solves the first order condition:

ORER) — (p — e ) Ne(e, v) — Cele) = 0.

Comparative statics with respect to v yields:

5_6 _ _[(p - CN)Nev - CNNNvNe]
ov (p_CN)Nee_CNNNez_Cee

A2

The denominator is negative from the strict concavity of the rent function. Also p — ¢y > 0 and

cNNNyN, < 0. N, = fol [526‘5(35’2*") + 52@[5(352*7.) %j dy. %j < 0 from claim 1. It can be seen that
% < 0 and % < 0. Therefore N, 2 0 which implies that A.2 =2 0. m

Proof of Proposition 2.

Proof of part (i): pN(eys,0) —c(N(eys,0))) — C(evs) > pN(eys,v) —c(N(eys,v)) — Cleys), since
vouchers decrease rent. By the strict concavity of the rent function, 3 € > ey g that satisfies the public
school’s incentive constraint under TOV with equality

pN(€,0) — ¢(N (& 0)) — C(€) = pN(evs,v) — c(N(evs,v)) — Clevs).

Proof of part(ii): pN(epp,0) — c¢(N(epp,0))) — C(epp) > pN(evs,0) — c(N(evs,0))) — Clevs) >

pN(eys,v) — c(N(eys,v)) — C(eys). The first inequality follows because epp is the rent maximizing

30



effort under v = 0. Given strict concavity of the rent function, 3 € > e”’F that satisfies the public

school’s incentive constraint under TOV with equality. m

Appendix B: Moral hazard problem — unobservable public school
effort

This appendix relaxes the assumption of complete observability of public school effort and examines
whether under unobservable public school effort, the equilibrium effort under the TOV program still
exceeds those under the PP and the VS programs. Given public school effort e € [ein, €maz], “effective
effort” ¢’ is realized according to the distribution F'(e’/e), where ¢’ € [e] .. el ..]. Although e is not
publicly observable, all agents have complete knowledge of the set [emin, €maz] and the family of
conditional distributions F'(¢//e) for € € [emin, €maz|- The corresponding density f(e’/e) satisfies the
strict monotone likelihood ratio property (MLRP). F (€' /e) satisfies the convexity of the distribution
function condition (CDFC) i.e Fe.(€'/e) > 0 for all ¢’ € [/ . .er .| and e € [emin, €maz]. Public school
quality (¢ = q(¢/, b)) is a composite of two factors: (i) “effective effort” ¢’ and (ii) peer group quality
(b) and can be thought of as being embodied in school scores. All agents observe quality ¢ but not the
actual public school effort e that generated it. The uncertainty signifies the absence of any direct
one-to-one relationship between the effort of teachers and administrators, and school scores.

The simple public-private system, the Milwaukee-type VS program and the Florida-type TOV
program are modeled as follows. The public-private system has two stages. In the first stage, the
public school chooses effort which is not observable by the other agents of the economy. Quality ¢ is
realized and observed by all agents in the economy. In stage 2, households choose between schools. The
VS program consists of three stages: In the first stage, the Government announces the voucher v. In
stage 2, facing v, the public school chooses effort which is not observable. Quality is realized and
observed by all agents in the economy. In stage 3, households choose between schools. The Florida
program is modeled in four stages: In the first stage, the Government announces the program and a
cutoff quality level ¢ and voucher v. In stage 2, the public school chooses effort. Quality is realized and
observed by all agents in the economy. In stage 3, government imposes vouchers if ¢ < g. No voucher is
imposed if ¢ > ¢. In the final stage, households choose between schools.

Household behavior is basically the same as earlier, the only difference is that instead of using

effort itself, they use a noisy representation of effort, effective effort e’ to make their school choices.
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The public school anticipates household behavior and chooses e to maximize expected rent:
ER(v f maa pN(e v,b*,.) — (N (€, v,b%,.))]f(€/e)de’ — c; — C(e) where v = 0 under the
public-private system. The expected rent function is strictly concave under CDFC.

Equilibrium public school effort under the VS program can be either greater or less than the PP
system. (Proof available on request.) The intuition behind this is as follows. With imposition of
vouchers, rent falls at each realization of €¢/. An increase in e increases the probability of higher €’
realizations. However, the above fall in rent can either increase or decrease in €’. This implies that
vouchers may induce public schools to correspondingly decrease or increase effort in response to
vouchers.

Under the Florida TOV program the public school faces a quality cutoff ¢ or equivalently an
“effective effort” cutoff ¢/ and chooses e to maximize its expected rent. The school’s expected rent
under the TOV program is given by the following. Under CDFC, H is strictly concave in e.

H = f pN e,v,.)— C(N(e’,v,.))]f(e’/e)de’—l—fe—e,;””’[pN(e’,O,.)—c(N(e’,O,.)]f(e’/e)de’—61 —C(e).

Proposition 3 (i) There exists €}, e/ . <€} < Ey such that if the cutoff € € [e},el,..] the effort

under the “threat of voucher” program unambiguously exceeds that under the “voucher shock” program
i.e., erov > eys. (ii) There exists €, Eo < € < el such that if the cutoff € € [e] . €] the effort
under the “threat of voucher” program unambiguously exceeds that under the pre-program public-private
equilibrium i.e., epoy > epp.

The intuitive argument behind this proposition is as follows. First consider the TOV and the VS
programs. Facing the TOV program, if the school chooses ey g (the equilibrium effort under the VS
program), then at each realization of ¢’ < €/, its rent is the same as in the VS program. On the other
hand, for each realization of €’ > ¢/, its rent is higher. Therefore the school chooses an effort strictly
higher than ey g to increase its probability of falling above e’ since it follows from the MLRP that an
increase in effort increases the probability of higher €’s. The intuition behind € > epp is similar.
Choosing epp under the TOV gives it the same rent as the PP program at each realization above e’

but lower rent at each realization below e/. The school chooses an effort strictly above epp to increase

(decrease) the probability of realizations above (below) €’.32 Thus, the results here parallel those in the

32 However, although rent falls at each realization of € with vouchers, this fall (or alternatively, the gain in rent from
avoiding vouchers) may either increase or decrease with ¢’. Depending on this, under certain circumstances as proposition
3 indicates, at very low levels of cutoff, the public school effort under TOV may be less than VS and at very high levels
of cutoff, effort under TOV may be less than PP. The intuition is as follows. First consider TOV versus VS. If ¢’ is low,
schools escape vouchers for low values of e’ also. If it is the case that the gain in rent from avoiding vouchers is largest for
lower values of ¢’ then since an increase in effort decreases the probability of occurrence of lower values of €', public school
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complete information model (Proposition 2).

Appendix C: Proof of Result in Appendix B
Proof of Proposition 3.

Proof of part (i): Evaluating the first order condition under the TOV program at ey g:

/

oH oH SER(v,. Cmaz Cmas
e = R = [T b0 = sl evsiae = [ 00 e fevsiae

e/

e levs =

where 3(¢/,v) = [r(€/,0) — r(e/,v)] and r(¢/, V) = pN(e/, V) —c(N(¢/,V)), V = {0,v}. MLRP implies

that there exists E1, fe(¢'/evs) ; 0 according as € E1 Now if the cutoff ¢/ > E; then 2 S >0

Tlevs
since B(e’,v) > 0 so that & > ey s. There are two cases if ¢/ < Fj. Let fe;’Z‘:f B, v) fe(e Jeys)de = A;.
Although fe(e'/eys) ; 0 according as €’ ; E1, B(€',v) may be increasing or decreasing in ¢’. Therefore
A1 2 0. (Note that A1 < 0 implies epp < eyg).

Case 1: If A; > 0 then for any ¢’ € (¢! . | El), v |evs > 0 and eroy > evg.

Case 2: If A} < 0 then e/t € E,) such that

( mln’
|f B, v) fe(e Jevs)de'| = ETM B(e,v) fo(e Jeys)de then for any e € (¢t Ey), @ o) o >0and
ETOV > €VS-

Using cases (1) and (2) define e} = [min{e’ € [} ;,., E1] : f:,;”“ B(e,v) fe(e’ /eys)de’ > 0]. Then for any

mzn ?

e ele,el erov > eyg. Note that €] > e/ . according as A; < 0.
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Proof of part (ii): Evaluating the first order condition under the TOV program at epp:

/
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MLRP implies that there exists Fs, f.(€//epp) ; 0 according as € ; E5. Now if the cutoff ¢/ < Fs then
%—Iz|€pp > 0 so that eroy > epp. There are two cases if ¢/ > Fy. Let Ay = f:,:;z B, v) fe(e' Jepp)de
Again similarly as above Ay 2 0. (Note that A2 2 0 implies epp 2 ey g).

Case 1: If Ay < 0 then for any €/ € (E3, €,,.) %—Iz|€pp > 0 and eroy > epp.

Case 2: If Ay > 0 then 3e/? € (Ey, €l ,.) such that

|fE2 B, v)fe(e' Jepp)de| = sz (¢/,v)fe(¢' Jepp)de’ then for any ¢ € (Ea,e?), 2 |epp > 0 and

eTov > epp.

may find it profitable not to increase effort. Now consider TOV versus PP. If ¢’ is high, vouchers will be incurred at high
values of e’ also. If it is the case that the fall in rent due to vouchers is highest for high values of ¢’, then the school may
not have an incentive to increase effort since an increase in effort increases the probability of occurrence of higher e’.
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Using cases (1) and (2) define €}, = [max{e’ € [Es, €} ..] : ¢ —B(e',v) fo(e' Jepp)de’ > 0]. Then for
2 min

e

any € € [l . eb], erov > epp. Note that e} < e/, .. according as A, = 0. m
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Table 1: Effect of “Threatened Status” on FCAT Reading (1998-2002), Math (1998-2002)

and Writing (1994-2002) Scores

(Sample of treated F and control D schools in Florida)

Grade 4 Reading

Grade 5 Math

Grade 4 Writing

OLS FE OLS FE FE FE FE FE
(1) (2) ®3) (4) (5) (6) (M) (8)
Trend -0.59 -0.20 12.80"** 0.21***
0.57)  (0.67) (0.76) (0.004)
Program dummy -5.25"*  -5.30"*" 0.31 0.10™**
(1.46)  (0.84) (0.91) (0.02)
Program dummy * trend 5.35"**  B.5T* -9.117 -0.13**
0.57)  (0.76) (0.85) (0.01)
Treated * Program dummy 2.71% 2.97" 7.90"* 0.30™"*
(1.60)  (1.78) (2.29) (0.05)
Treated * Program dummy 1.57 1.10 -0.71 0.04**
* trend (0.74)  (1.00) (1.04) (0.02)
Treated * 1 year after program 4.85"**  4.85"* 6.78"*" 0.35""*
(1.49)  (1.68) (1.63) (0.04)
Treated * 2 years after program 4.717**  3.30" 7.25%" 0.37*
(1.78)  (1.71) (1.82) (0.04)
Treated * 3 years after program 8.01"**  7.08"" 5.35%** 0.43**
(1.49)  (1.78) (2.00) (0.05)
Year dummies N N Y Y N Y N Y
Controls N Y N Y Y Y Y Y
Observations 2567 2550 2567 2550 2524 2524 4476 4476
R-squared 0.11 0.77 0.11 0.77 0.76 0.76 0.84 0.85
p-value! 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ko okk kokk |

;0 : significant at the 10, 5, and 1 percent level respectively. ‘p-value of F-test of the program effect on treated

schools. Robust standard errors adjusted for clustering by school district are in parentheses. All regressions are
weighted by the number of students tested. Columns (1)-(2), (5), (8) report results from model 1, columns (6), (9)
from model 2 and columns (3)-(4), (7), (10) from model 3. The OLS columns include an F dummy. Columns (8)-(10)

include an interaction term of treated dummy with trend. Controls include race, sex, percentage of students eligible

for free or reduced-price lunches and real per pupil expenditure.



Table 2: Effect of “Threatened Status” on FCAT Reading (1998-2002), Math (1998-2002) and Writing (1994-2002) Scores
(Sample of treated F, D and control C schools in Florida)

Reading Math Writing
OLS FE OLS FE OLS FE OLS FE OLS FE OLS FE
) 2) 3) (4) () (6) (7) ®) 9) (10) (11) (12)
Less treated * program 1.70™* 1.20 -0.23 -0.15 0.08** 0.08"**
(0.84) (1.00) (0.92) (1.09) (0.02) (0.02)
More treated * program 4.88"*  4.99*" 9.05***1T 9 p2***1T 0.38***1T (. 37***1T
(2.04)  (2.43) (2.13) (2.23) (0.09) (0.05)
Less treated * program 5.22***  4.85™*" 0.29 0.30 -0.03 -0.03
*trend (0.81)  (0.93) (0.60) (1.04) (0.02) (0.02)
More treated * program 7.73* 8.027" 0.91 0.54 0.0177 0.00
*trend (2.47)  (2.08) (1.10) (1.01) (0.02) (0.02)
Less treated * 1 year after 4.13** 3.53*** 1.06™** 0.97 0.05** 0.05**
(0.75) (0.76) (0.73) (0.85) (0.02) (0.02)
Less treated * 2 years after 5.84*** 5.52%** 2.83"" 2.54*** 0.00 0.00
(0.96) (0.80) (1.44) (0.94) (0.03) (0.02)
Less treated * 3 years after 8.60"*" 7.94%* 3.89"** 3.47" -0.03 -0.03
(0.93) (0.87) (1.20) (0.92) (0.04) (0.02)
More treated * 1 year after 9.45***1T g 3ot 9.56***11 8.96** 1T 0.40***1T .39***1T
(1.92) (1.87) (2.02) (1.59) (0.07) (0.04)
More treated * 2 years after 11.01**t 10751 11.61***11t 11,00***11 0.39***1 .37
(2.39) (1.87) (2.99) (1.77) (0.07) (0.04)
More treated * 3 years after 17.08***1T  16.03* 11 11.39***1T 11,94+t 0.42***1  0.39**T
(2.64) (1.91) (3.46) (1.95) (0.05) (0.05)
Controls N Y N Y N Y N Y N Y N Y
Observations 6034 5933 6034 5933 6003 5909 6003 5909 10646 10587 10646 10587
R-squared 0.44 0.86 0.44 0.86 0.44 0.83 0.44 0.83 0.72 0.85 0.74 0.86
p-value? 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

ko okok kokok |
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: significant at the 10, 5, and 1 percent level respectively.

T1T: more treated significantly different from less treated at 5 and 1 percent level respectively. 'p-value of the

F-test of program effect on more treated schools. Robust standard errors adjusted for clustering by school district are in parentheses. The OLS columns include more treated and

less treated dummies. All regressions are weighted by the number of students tested. Columns (1)-(2), (5)-(6), (9)-(10) include program dummy, trend and an interaction of trend

with program dummy while columns (3)-(4), (7)-(8), (11)-(12) contain year dummies. Columns (1)-(2), (5)-(6), (9)-(12) include interactions of trend with less treated and more

treated dummies respectively and (3)-(4), (7)-(8) include interaction of D; dummy (D; = 1 if year > 1998) with less treated and more treated dummies respectively. Controls

include race, sex, percentage of students eligible for free or reduced-price lunches and real per pupil expenditure.



Table 3: Mean Reversion of the 98F Schools Compared to 98D and 98C Schools, 1998-1999.

Panel A: 98F and 98D Schools

Dependent Variable: FCAT Score, 1998-99.

Reading Math Writing
DEE) 3 (4) 6 ©®
OLS FE OLS FE OLS FE
trend 2.27F 2,017 14.25"**  14.02"** 0.04***  0.04™*
(0.67) (0.43) (0.65) (0.49) (0.01) (0.01)
98F*trend -0.45 -0.65 1.03 1.17 0.14***  0.14™*
(1.77) (1.14) (1.81) (1.19) (0.03) (0.02)
Observations 1353 1353 1354 1354 1355 1355
R? 0.64 0.93 0.63 0.91 0.33 0.85
Panel B: 98F, 98D and 98C Schools Dependent Variable: FCAT Score, 1998-99.
Reading Math Writing
(1) (2) () 4) (5) (6)
OLS FE OLS FE OLS FE
trend 1.76™* 1.76™** 9.57*** 9.71%** 0.03***  0.03***
(0.56) (0.35) (0.50) (0.36) (0.01) (0.01)
98F*trend 0.18 -0.55 4.67*" 4.63"*" 0.14*  0.14***
(1.78) (1.12) (1.80) (1.16) (0.03) (0.02)
98D*trend 0.41 0.16 4.617" 4.227"* 0.01 0.01
(0.88) (0.54) (0.82) (0.58) (0.02) (0.01)
Observations 2605 2605 2608 2608 2608 2608
R? 0.76 0.96 0.76 0.94 0.38 0.87

ko okk kokok |
I

, : significant at the 10, 5, and 1 percent level. All regressions include race, sex, % of
students eligible for free or reduced-price lunches and real per pupil expenditure as controls.
OLS regressions in Panel A include 98F dummy; OLS regressions in Panel B include 98F
and 98D dummies. Sample of 98F and 98D schools: s.d of FCAT reading, math and writing
respectively are 18.9, 18.05, 0.30. Sample of 98F, 98D, 98C schools: s.d of FCAT reading,
math and writing respectively are 21.16, 21.56 and 0.31.



Table 4: Is there a Stigma Effect of getting the Lowest Performing Grade?
Effect of being Categorized in Group 1 on FCAT Writing Scores

Using FCAT Writing Scores, 1997-1998

Sample: Group 1, 2 Schools Sample: Group 1, 2, 3 Schools
OLS FE FE OLS FE FE
(1) (2) ®3) (4) (5) (6)
Trend 0.52"**  0.52***  0.48"** 0.48"**  0.48"* 0.46™"*
(0.04) (0.03) (0.04) (0.02) (0.01) (0.02)
Group 1 * trend -0.01 -0.02 -0.02 0.03 0.01 0.02
(0.08) (0.06) (0.06) (0.07) (0.05) (0.05)
0.03 0.04 0.04

Group 2 * trend
(0.04)  (0.03) (0.03)

Controls N N Y N N Y
Observations 314 314 314 1361 1361 1358
R-squared 0.49 0.84 0.85 0.52 0.87 0.87

*,OFF) MR significant at the 10, 5, and 1 percent level, respectively. Robust standard errors

b} b}
adjusted for clustering by school district are in parentheses. All regressions are weighted by the
number of students tested and include race, sex, percentage of students eligible for free or reduced-
price lunches and real per pupil expenditure as controls. OLS regression in column (1) includes

group 1 dummy, OLS regression in column (4) includes groupl and group 2 dummies.



Table 5: Comparing the Impact of Florida and Milwaukee Programs

Using performance in reading test [WRCT (% above) 1989-97 and FCAT Reading 1998-2002] and math test [ITBS Math 1986-1997 and FCAT Math 1998-2002]

Corrected for Mean Reversion

Reading Math Reading Math
Wisconsin ~ Wisconsin  Florida Wisconsin ~ Florida Wisconsin ~ Wisconsin  Florida Wisconsin ~ Florida
WRCT ITBS FCAT ITBS FCAT WRCT ITBS FCAT ITBS FCAT
) 2) 3) (4) () (6) (7) ) 9) (10)
More Treated * 1 year after prog  -0.06'" 0.06'" 0.47** -0.241T1 0.45*** -0.061" 0.06'" 0.47** -0.2411 0.24***
More treated * 2 years after prog  0.38" 0.36 0.50™"* 0.26 0.55™"* 0.38" 0.36 0.50™"* 0.26 0.34™"*
More treated * 3 years after prog  0.35' 0.15'" 0.80*** -0.131T1 0.60*** 0.357T 0.15'" 0.80*** -0.1311 0.39***

* ) k% *Rx giomificant at the 10, 5, and 1 percent level, respectively. T, 11 TT1: Milwaukee effect significantly different from corresponding Florida effect at 10, 5, and 1 percent

) )

level, respectively. All figures are in terms of respective sample standard deviations. All figures are obtained from regressions that contain school fixed effects, year dummies,

interactions of year dummies with the respective treatment dummies, race, sex, percentage of students eligible for free or reduced-price lunches and real per pupil expenditure.
Standard deviation of FCAT reading scores = 20, Standard deviation of FCAT math scores = 20, Standard deviation of WRCT (% above) reading scores = 16, Standard

deviation of ITBS reading scores = 18.45, Standard deviation of ITBS math scores = 16.71. For standard deviations corresponding to the mean reversion sample, see footnote

for table 4.



Table 6: Comparing the impact of Florida and Milwaukee phase II programs

Corrected for Mean Reversion

Reading Math Reading Math
Wisconsin  Florida  Wisconsin  Florida Wisconsin  Florida  Wisconsin  Florida
WKCE FCAT WKCE FCAT WKCE FCAT WKCE FCAT

(1) 2)

®3)

4)

()

(6)

(7)

®)

More Treated * 1 year  0.2017 0.47*  0.27 0.45*** 0.2077 0.47***  0.03 0.24***
More treated * 2 years 0.50"** 0.50***  0.38™** 0.55™"* 0.50™"* 0.50***  0.14™** 0.34™"*
More treated * 3 years 0.53***7 0.80***  0.57*" 0.60™"* 0.53**1 0.80***  0.33**" 0.39""*

I I

corresponding Florida effect at 10, 5, and 1 percent level, respectively. All figures are in terms of respective sample standard
deviations. All figures are obtained from regressions that contain school fixed effects, year dummies, interactions of year
dummies with the respective treatment dummies, race, sex, free-reduced lunch percentage and real per pupil expenditure.
Standard deviation of FCAT reading scores = 20, Standard deviation of FCAT Math Scores = 20, Standard deviation of
WKCE reading scores = 13.07, Standard deviation of WKCE math scores = 15.01, Standard Deviation of WKCE Math for

: significant at the 10, 5, and 1 percent level, respectively.

ot Tt
) ) .

the mean reversion sample=14.4, Standard Deviation of FCAT Math for the mean reversion sample= 20.04

Milwaukee effect significantly different from



Table D.1: Pre-program Characteristics of More Treated and Control Schools,

Florida and Wisconsin

Panel A Florida Wisconsin Florida—Wisconsin

More Treated Schools (std.dev.) (std. dev.) [p-value]

% black 62.79 66.55 -3.76
(28.23) (32.22) [0.56]

% hispanic 18.95 18.07 0.88
(23.40) (24.54) [0.87]

% white 17.18 10.21 6.97
(19.54) (10.68) [0.07]

%male 51.38 52.25 -0.87
(4.84) (2.60) [0.34]

% free-reduced lunch 85.80 84.5 1.3
(9.95) (6.48) [0.50]

Panel B Florida Wisconsin Florida—Wisconsin

Control Schools (std.dev.) (std. dev.) [p-value]

% black 18.12 22.37 -4.25
(14.17) (12.93) [0.10]

% hispanic 15.49 14.84 0.17
(21.23) (6.02) [0.86]

% white 63.59 60.85 2.73
(22.33) (12.80) [0.49]

% male 51.38 50.63 0.76
(4.84) (2.29) [0.43]

% free-reduced lunch 50.14 44.95 5.19
(17.51) (11.66) [0.10]

The more treated schools in Florida are the F schools and the control schools are the C schools. This
table uses the 66-47 sample for the Milwaukee program; control schools constitute Wisconsin schools

outside Milwaukee (see section 5.2 for details).



Table D.2: Effect of the Milwaukee Voucher Program on Test Scores by Treatment Status

Using treatment groups

WRCT (% above) ITBS Reading ITBS Math
) 2) 3) (4) () (6)
Somewhat treated * program dummy 3.50 3.21 0.39
(2.59) (5.45) (2.81)
More treated * program dummy 2.85 3.40 -2.97
(3.32) (5.79) (3.13)
Somewhat treated * program dummy 0.64 1.22 0.61
*trend (0.47) (2.02) (0.54)
More treated * program dummy * trend 0.67 3.40 0.75
(0.62) (5.79) (0.63)
Somewhat treated * 1 year after program 2.03 4.15 -1.35
(2.81) (4.49) (2.94)
Somewhat treated * 2 years after program 5.38™* 7.83 6.14"
(2.43) (5.17) (3.38)
Somewhat treated * 3 years after program 5.01 6.78 2.47
(3.03) (5.31) (3.31)
More treated * 1 year after program -0.92 1.12 -4.02
(3.33) (3.86) (3.26)
More treated * 2 years after program 6.06™ 6.59 4.36
(3.14) (5.15) (3.83)
More treated * 3 years after program 5.69 2.85 -2.22
(3.16) (5.18) (3.54)
Year dummies N Y N Y N Y
Observations 1195 1195 717 717 1127 1127
R-squared 0.50 0.58 0.55 0.55 0.58 0.60
p-value? 0.06 0.02 0.68 0.62 0.49 0.28

ko okk kokok |

;0 : significant at the 10, 5, and 1 percent level respectively. *p-value of the F-test of joint significance

of more treated shift coefficients. Robust standard errors adjusted for clustering by school district are in

parentheses. This table uses the 66-47 sample. For each subject, the first column presents results corre-

sponding to model 1, the second column results corresponding to model 3. All regressions include school

fixed effects and control for race, sex, percentage of students eligible for free or reduced-price lunches and real

per pupil expenditure. Odd-numbered columns include program dummy, a time trend and an interaction of

trend with program dummy, while even-numbered columns include year dummies.
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Figure 1. Analyzing the Relationship between “Public-Private”, “Voucher Shock™ and
“Threat of Voucher” Equilibria



