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We derive a formula to determine the degree to which a school choice

program may harm public school stayers by luring the best students to
other schools. The “cream skimming” effect is increasing in the degree
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of heterogeneity within schools, the school choice take-up rate of strong
students relative to weak students, and the dependence of school out-
comes on student body quality. We use the formula to investigate the
cream skimming effect of hypothetical voucher programs on the high
school graduation rate and other outcomes of the students who would
remain in public school. We find small effects across a wide variety of
model specifications and types of modest voucher programs.
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with a variety of school choice programs. A full evaluation of any school
choice program involves estimating its effect on all students. There are
potentially four groups of students who are affected by a program: those

cream skimming effect of school choice 267
who take advantage of the program to move to a private school, charter
school, or other alternative school; those who remain in public school;
those who remain in the alternative schools; and possibly private or char-
ter school students who move to public school as a result of the program.
Furthermore, to assess the overall effect of any school choice program on
educational outcomes of these four groups, one must address ðat leastÞ
four questions. First, by howmuch do children who exercise their option
to switch schools benefit? Second, does increased competition lead exist-
ing schools to becomemore efficient? Third, to what extent do changes in
financial resources associated with the program affect outcomes? Fourth,
will a choice program lure the best students away from current schools,
and if so, how large is the negative “cream skimming effect” on those who
remain behind? The same four issues are central to assessing the major
types of choice programs: vouchers, charter schools, and choice within
the public school system. The relative importance of them will depend on
the structure of the choice program. Thus in designing school choice, one
needs to separately consider all four issues.
There is a large literature on the direct benefits of private schools and

charter schools, a substantial literature on the response to competition,
and a small literature on school finance effects.1 However, there is very
little research on isolating and understanding the cream skimming ef-
fect on public school stayers. This is the focus of our paper. We are not
assuming that competition and financial aspects are unimportant for

Neal, Christopher Neilson, Jesse Rothstein, Robert Shimer, Seth Zimmerman, and three
anonymous referees for helpful discussions and comments. Earlier drafts were circulated

under the title “Estimating the Cream Skimming Effect of Private School Vouchers on
Public School Students.” Mistakes are our responsibility.

1 Much of the US research on the direct benefits from private school attendance is in the
context of Catholic schools. The results are mixed, but studies by Evans and Schwab ð1995Þ,
Neal ð1997Þ, Grogger and Neal ð2000Þ, and Altonji, Elder, and Taber ð2005Þ suggest that
students who attend Catholic schools perform substantially better than they would have in
a public school. The evidence is strongest for urbanminority students, and the main effects
appear to be on high school graduation and college attendance rates rather than on test
scores ðsee Neal ½2002� for an overviewÞ. Rouse and Barrow ð2009Þ survey the evidence from
a number of voucher experimental or quasi-experimental studies on the achievement
effects of private school attendance and charter school attendance ðsee, e.g., Krueger and
Zhu 2004Þ. In both instances they conclude that the achievement effects are small. Rouse
and Barrow also summarize the substantial literature on whether competition from private
schools, charter schools, and/or other public schools improves public school performance.
The study by Card, Dooley, and Payne ð2010Þ is a good recent example. See alsoHoxby ð2003Þ.
The evidence is mixed. Given limited experience with large-scale voucher programs, the evi-
dence concerning effects on per capita spending on public school students is limited. Fer-
reyra ð2007Þ and several of the papers that use calibrated simulation models consider effects
of voucher programs on public financing of schools.

This content downloaded from 
�������������144.92.38.235 on Fri, 01 May 2020 18:06:14 UTC������������� 

All use subject to https://about.jstor.org/terms



public school stayers; indeed other research suggests that they may be.
Rather, our goal is to develop and apply tools for estimating the cream
skimming effect because it is potentially a key aspect of a voucher pro-

268 journal of political economy
gram and other choice programs.
What do we mean by the “cream skimming effect”? We use the term to

include the full set of channels through which the composition of stu-
dents in a school affects how a particular student performs. The most
obvious mechanism is peer effects that occur at the classroom level or
at the school level. Other mechanisms are the influence that average
family background and predetermined student body characteristics have
on the composition and effort level of the teachers, the performance of
the principal, parental participation in school, and even how the school
fares in obtaining financial resources. Some of these effects would take a
few years to play out following a change in student body characteristics
while others ðe.g., classroom peer effectsÞ would change quickly. We use
the term “student body effects” to emphasize that we are considering
more than just peer interactions.
Quantifying the cream skimming effect of a choice program is difficult.

As we explain below, it is hard to conceive of a controlled experiment, let
alone a natural experiment, that could directly identify the cream skim-
ming effect of a particular school choice program without a model of
school choice and school outcomes. The analysis must address individ-
ual heterogeneity, both observed and unobserved, because without het-
erogeneity there can be no cream skimming. But the cream skimming
effect is driven by interactions among group members rather than by the
behavior of an individual, which is why several papers study the effects
of vouchers using general equilibriummodels. At a minimum, one needs
an econometric framework with which to aggregate the effects of choice
programs on school choice and school outcomes that accounts for het-
erogeneity.
James Heckman has spent most of his professional career dedicated to

econometric methods that are well identified but also allow for external
validity and counterfactual policy analysis ðsee, e.g., Heckman 2001Þ.
Our approach is inspired by these general goals. Starting from knowl-
edge of who currently attends public school, one must assess who will
move in response to the program, estimate parameters relating student
body characteristics to student outcomes, and then use these estimates
to simulate the effect of the change in characteristics on those who re-
main in public school. We do not estimate a full structural model with all
school preference parameters and school production function parame-
ters specified. However, we put enough structure on the problem that we
are able to estimate the policy counterfactuals. We view our approach as
similar in spirit to Heckman and Vytlacil’s ð2001, 2005, 2007bÞ approach
for estimating “policy-relevant treatment effects.”
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Since voucher and other types of school choice programs are very
complicated objects with many different components, a key to success is
finding a simplifying structure. Perhaps the most important contribu-
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tion of this paper is a simple formula for the cream skimming effect.
The formula shows that for a broad class of models of school choice and
school composition effects on education outcomes, the cream skimming
effect is determined by the covariance between a school choice term and
a school composition term.2 The school choice term is the relative prob-
ability that a student will move to an alternative school in response to the
choice program. The school composition term is a weighted average of
the differences between the student’s characteristics and the average
characteristics of his or her classmates, where characteristics with larger
student body effects receive more weight. The covariance is increasing
in the amount of heterogeneity within schools, the relative response of
advantaged students to the voucher, and the magnitude of the student
body effect coefficients. To see the intuition, note that the cream skim-
ming effect will be zero under three separate conditions. The first is zero
heterogeneity within public schools because then the movers will be the
same as the stayers, leaving the composition of a school unchanged. The
second is the absence of a relationship between the probability that a
student leaves and student characteristics that affect school performance,
because then the voucher will not change the average values of relevant
student body characteristics. Finally, the cream skimming effect will be
zero if student body effects on outcomes are zero.
The cream skimming formula can be used to consider many types of

choice programs under different assumptions about how selection into
the programoperates.3We focus on voucher programs for private schools
because our data aremuchmore informative about selection into private
schools. The cream skimming formula provides the structure for what
amounts to a mix of formal econometric analysis and sensitivity analysis.
The formal econometric analysis uses data from the National Education
Longitudinal Survey of 1988 ðNELS:88Þ and proceeds in four stages. The
first stage is to estimate the preference parameters determining who
attends a public school. The second is to estimate the effects of student
body characteristics on outcomes. The third stage simulates the school
choice response to a specific hypothetical voucher program. The final
stage is to apply our formula and compute the cream skimming effect.

2 In our model we take the default public school as given and fixed. While we never
explicitly estimate a model that allows for migration, in Sec. VII.A.3 we show that the cream

skimming formula can be easily extended to incorporate it.

3 Our use of the cream skimming formula to simplify the problem has parallels in the
“sufficient statistic” approach to the welfare analysis. See Chetty ð2009Þ for a survey. Our
research strategy is also related to what Heckman and Vytlacil ð2007aÞ call Marschak’s
maxim ðMarschak 1953Þ.
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In the first stage of our base casemodel, we estimate family preferences
for public school choice given the status quo of no voucher program. In
our base estimation this is simply a probit for attending a public school.

270 journal of political economy
We also estimate several alternative specifications of the demand for pub-
lic schools, including a formal utility specification that models the extent
to which price effects vary with family income, a nested logit specifica-
tion in which Catholic and non-Catholic private schools are treated as
separate alternatives, a case in which we fit the school choice model to
the Milwaukee school voucher experience, and the extreme demand as-
sumption that the students who move in response to the voucher come
entirely from the top of the achievement distribution. The most interest-
ing and difficult case is a model in which student body quality influences
school choice. Themain difficulty stems from the fact that we do not have
information on the potential public high school classmates of those who
choose private schools. To handle this case, we develop a new methodol-
ogy for estimating binary consumer choice models ð1Þ when demand de-
pends on the characteristics of the other buyers and ð2Þ when researchers
have information on the characteristics of the other buyers only if they
chose the product. Our methodology could be applied in other situa-
tions in which consumer demand depends on the characteristics of other
consumers, consumer characteristics are correlated with location, and
sampling is choice based because of the costs of a random sample. Our
approach builds on a long line of research involving choice-based avail-
ability of endogenous regressors pioneered in Heckman’s ð1974Þ study of
the effects of wages on labor supply.
The second stage is to estimate the effects of student body variables on

high school graduation. We start with the standard procedure of regress-
ing estimates of high school fixed effects for the outcome on observed
student body characteristics and address a number of econometric is-
sues, including measurement error. We extend the approach to account
for the effects of the voucher on unobserved student body characteristics
that affect outcomes. For example, the usual school-level parental back-
ground measures such as average family income and average parental
education are not the only parental attributes that may influence school
quality. Indeed, much of the debate about cream skimming relates to un-
observables such as the priority that parents place on education. Roughly
speaking, we use the school choice model to infer the mean for each
high school of the index of unobserved student characteristics that de-
termine school choice. Observed and unobserved characteristics that
influence school choice need not be the only student characteristics that
influence school quality through peer effects and other channels. How-
ever, we show below that student characteristics influence the cream
skimming effect only to the extent that they are related to school choice. This fact
means that in evaluating the cream skimming effect, we can restrict our
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attention to functions of the indices of observed and unobserved vari-
ables that determine school choice.
In the third stage we model various hypothetical voucher programs.

cream skimming effect of school choice 271
Knowledge of the preferences and the program allows us to compute
the relative probability that public school students will remain in public
school given a specified level of the voucher. This permits us to obtain
the distribution of observed and unobserved characteristics of students
who will remain in public school. We do this by using the relative prob-
abilities of continued public school attendance to reweight the distribu-
tion for public school students under the status quo. By comparing the
reweightedmeans to themeans of public school students under the status
quo, one obtains estimates of how mean family income, mean parental
education, mean eighth-grade test scores, and other characteristics of
high school peers will change for thosewho remain inpublic high schools.
An advantage of our approach is that in the base case we do not need
variation in tuition or voucher levels to estimate which students are likely
to respond to the voucher program.
In the final stage, we weight our estimates of the shift in the observed

and the unobserved characteristics of the peers of students who remain
in public school with the estimate of how student body composition
affects high school graduation. The weighted sum is the effect of the
voucher program on the high school graduation rate of the public school
stayers.
For our basic model, we find that the cream skimming effect of a uni-

versal voucher that would induce 10 percent of public school students
to move to private schools would reduce the high school graduation rate
of the students who remain by 0.0014 ði.e., about 0.1 of a percentage
pointÞ. Since nine students remain for everyone who moves, this is large
enough to offset about 20 percent of the direct benefit to the student
who moves, which we take as 0.06. Nevertheless, the cream skimming
effect on the students who remain is small. We also find relatively small
cream skimming effects using college attendance and log earnings as the
outcomes measures ð20.0007 and 0.002, respectivelyÞ. We obtain similar
results for a variety of different specifications of the school choice and
school outcome models. We also investigate voucher programs that are
targeted to low-income families, low-income schools, and urban areas and
consider the voucher program in place in Milwaukee in 1991.4 Overall,
our results are robust and indicate that voucher programs of the types we
consider would have small effects on the high school graduation proba-
bilities of those who remain in public school.
One might expect the cream skimming problem to be even less severe

in other contexts such as existing charter school programs given the

4 We analyze the 1991 program because the data are publicly available.
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available evidence on selection into charter schools based on observa-
bles. However, one must be cautious here because the pattern of cream
skimming associated with the entrance of charter schools with designs

272 journal of political economy
that attract highly motivated students and parents, such as the Knowl-
edge Is Power Program schools, might not be well predicted by the private
school choice model that we estimate. Furthermore, our results should
be interpreted as the effects one would see from relatively moderate-
sized voucher programs like the ones in existence today. We cannot draw
conclusions about a huge voucher program in which the whole public
school system is completely redesigned so that essentially everyone re-
ceives a voucher or about programs that lead to large changes in resi-
dential location and in the political economy of school finance.
Although our results are very robust to reasonable changes in the

school demand and school outcome specifications, it is natural to ask
whether a quasi-experimental approach could be used to provide a more
direct assessment of the cream skimming effect. The answer is no, even if
one sets aside the difficulty of finding exogenous variation in the avail-
ability of choice and thedifficulty of generalizing fromaparticular school
choice program.5 The more fundamental problem is that one cannot
identify the cream skimming effect on stayers even with a seemingly ideal
experiment. To see why, consider an experiment in which vouchers are
randomly introduced into some school districts but not others. In such
an experiment, a researcher could identify only three types of students:
individuals in the control districts, individuals in the treatment districts
who stay in public school, and individuals in the treatment districts who
enroll in voucher schools. The problem is that one cannot observe which
control students would have remained in public school and which ones
would have moved.6 Consequently, one could never hope to estimate the
effect of the program on public school stayers. Even if the researcher
could somehow figure out the counterfactual of which school a control
would have enrolled in, he could not separate the competition effect
from the cream skimming effect. By comparing all the treatments with
all the controls, the researcher could estimate the full effect of the par-
ticular voucher program. That is, he could estimate the combined effect

5 See Heckman ð1997, 2001Þ and Heckman and Vytlacil ð2007aÞ for a more complete
discussion of this issue.

6
 This is related to a point made in Heckman, Smith, and Taber ð1998Þ. The individuals
who do not receive the treatment are still “partially treated” in the sense that they are
affected by the change in student body composition. Consequently, one cannot use the
Bloom ð1984Þ estimator. However, experimental and quasi-experimental variation would
be very helpful in estimating the school choice and school outcome parameters that enter
the cream skimming effect formula. Such variation is used in some of the literature cited in
the next paragraph. Experimental and quasi-experimental designs have also played a very
important role in research on the effectiveness of private schools and charter schools ðsee
fn. 1Þ.
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of all four of the mechanisms we discuss above. The overall effect is cer-
tainly of great interest. However, it is also of interest to policy makers de-
signing future programs to understand the contribution of each of the

cream skimming effect of school choice 273
mechanisms rather than just the overall effect of one particular program.
We do not know of another study that is directly comparable to ours.

Several papers have used micro data sets such as NELS:88 to estimate
models of public/private school choice. The papers find that family in-
come, parental education, and student ability boost private school at-
tendance. Our basic school choice model draws on this literature.7 The
literature on voucher programs in the United States and elsewhere pro-
vides some evidence about who would take up vouchers. Howell and
Peterson ð2002Þ examine several programs targeted to low-income stu-
dents and conclude that the degree of positive selection in suchprograms
is relatively small. Figlio, Hart, and Metzger ð2010Þ study a private school
tuition scholarship program in Florida open to families with an annual
income below 175 percent of the poverty line. They find that selection
is negative rather than positive. There are no universal voucher programs
to study in the United States, but Hsieh and Urquiola ð2006Þ find that
Chile’s universal voucher program induced higher-income and higher-
ability children to move to private schools. Ladd ð2002, 22Þ concludes
that selection in New Zealand’s choice program worked in a direction
similar to that of the Chilean program and that “the expansion of choice
in that country exacerbated the problems of the schools at the bottom of
the distribution and reduced the ability of those schools to provide an
adequate education.” Given that the composition of charter schools is
heavily influenced by the specific areas in which they were introduced
and themissions of the schools, one cannot easily draw conclusions about
a universal or a targeted voucher program from aggregate statistics on
the composition of charter schools. Nevertheless, there is little indication
that charter schools lead to a large exodus of the most advantaged chil-
dren from regular public schools, particularly when compared to private
schools ðsee RPP International 2001; Bulkley and Fisler 2002; Lacireno-
Paquet, Holyoke, and Moser 2002; Zimmer et al. 2009Þ.
Our work is also related to a few papers on the general equilibrium

effects of voucher programs with student body effects, including Manski
ð1992Þ, Epple and Romano ð1998, 2002, 2003Þ, Caucutt ð2002Þ, Epple,
Newlon, and Romano ð2002Þ, and Epple et al. ð2004Þ. Simulations of cal-
ibrated versions of the models usually show cream skimming, although
the magnitude varies with the details of the model specification and as-
sumed parameter values. Nechyba ð1999, 2000, 2003Þ shows that migra-
tion can have a countervailing effect on low-income students who remain

7 See, e.g., Figlio and Stone ð2001Þ and Epple, Figlio, and Romano ð2004Þ and the ref-
erences they provide.
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in public school. To our knowledge, the only paper that explicitly esti-
mates and simulates the extent of peer group effects with vouchers is
Ferreyra ð2007Þ. The author estimates hermodel using school district data

274 journal of political economy
from several large metropolitan areas. She then simulates the effects of
vouchers.
Ferreyra ð2007Þ does not use data on school quality but infers the

school quality production function on the basis of location and school-
ing decisions. This is an important limitation because student body char-
acteristics could influence school and location choices for a number of
reasons, including ðaÞ the possibility that they affect school outcomes and
parents care about the school outcomes, ðbÞ the possibility that parents
care about outcomes and think that student body effects are important
even though they may not be, and ðcÞ the possibility that parents care
about student body quality per se. In contrast, we are the first to directly
estimate the effects of student body characteristics on high school grad-
uation and then simulate the effects of cream skimming on this outcome
for public school students.8 Our analysis complements the general equi-
librium papers.
The paper continues in Section II, where we present our school choice

model, define the cream skimming parameter, and derive the key equa-
tion that determines the effect. Section III discusses the NELS:88 data
and provides descriptive statistics. In Section IV, we discuss estimation
and present results for our baseline model. In Section V, we allow stu-
dent body quality to affect school choice, and in Section VI, we allow for
unobserved school characteristics that influence choice and for unob-
served student body characteristics. Section VII examines the sensitivity
of our results to some additional alternative assumptions about student
body effects and about school choice. Section VIII considers targeted
voucher programs and the Milwaukee program. In Section IX, we con-
sider cream skimming under the most extreme assumption about school
choice and an extreme assumption about the size of student body ef-
fects. We present conclusions in Section X.

II. A Model of School Choice and Outcomes and a Formula
for the Cream Skimming Effect
In this section, we present a model of school choice and a model of how
classmates affect school outcomes. We then use these models to define

8 Ferreyra ð2009Þ does use a school quality measure—test score information—in her
study of the effects of school finance reforms. Her study uses district-level data for the
Detroit metropolitan area. Her model is similar to those in Nechyba ð1999Þ and Ferreyra

ð2007Þ but focuses on school district choice rather than the choice between public and
private schools. Epple, Romano, and Sieg ð2006Þ examine sorting across universities of
different quality levels.
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our parameter of interest—the cream skimming effect—and to analyze
the factors that determine it.

cream skimming effect of school choice 275
A. School Choice
Each student i is assigned to a particular school district. Denote the

public school in that district as Si.

9 School choice programs are indexed
by t. We do not observe voucher programs in our data. We denote this
status quo as t5 0. We use a binary variable P t

i to denote whether the
student i would choose his default public school under program t. In
general, the choice P t

i depends on t both through the direct effect of the
program on the student and through the effect of the program on the
choices of other students. Most of our empirical results are for a uni-
versal voucher program that provides the same voucher amount to all
students, but we consider other cases as well. Since in our data t5 0, we
denote the individual’s observed choice as P 0

i . When we use the expres-
sion P t

i 5 1 as a conditioning argument, we are conditioning on i who
would choose public school when the school choice program is t. Since
alternative t is counterfactual, P t

i is not observable in the data t ≠ 0.
By assuming that each student is assigned to a specific public school,

we have assumed away migration effects. These are prominent in several
of the general equilibrium analyses of voucher programs discussed in the
introduction. In Section VII.A.3, we show that our basic formula con-
tinues to apply with migration. We also argue informally that the direct
effect ofmigration on cream skimming as well as indirect effects on cream
skimming that are induced by changes in support for public schools are
unlikely to change our conclusion that the cream skimming effect is small,
at least for programs that are too small to lead to large changes in resi-
dence patterns.

B. School Outcomes, School Quality, and Student Body Effects
Let YiðtÞ be an outcome that individual i would achieve if he or she at-

tended Si under choice program t. Examples of outcomes are test scores,
high school completion, college attendance, and earnings. The outcome
YiðtÞ is determined by

YiðtÞ5 X 0
i g1 vðSi ; tÞ1 εi ; ð1Þ

where vðSi ; tÞ is a school quality component that is common to all in-
dividuals who attend Si, Xi is a vector of observed characteristics of i that

9 Note that we do not mean that students are randomly assigned to schools. Indeed,
substantial heterogeneity in students across school districts is a key feature of our empirical
results.
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influence the outcome and possibly school choice, and εi is an index of
unobservable individual factors that is uncorrelated with Xi and vðSi ; tÞ.
The school effect vðS ; tÞ depends on t through student body effects

276 journal of political economy
i

that change as different students attend public school. Note that ð1Þ rules
out interactions between Xi and v, which could be easily added. We have
not done so as we do not expect them to change our basic findings.10

For any public school s and any program t, student body effects are a
function of the vector

Z ðs; tÞ; EðZi jSi 5 s; P t

i 5 1Þ;
where Zi is the vector of observed and unobserved student characteris-
tics determined prior to high school that influence other students and
Z ðs; tÞ is the average of Zi for students who choose to attend s given the
voucher program t. An important special case is Zi 5 Xi.
Without much loss of generality given that Zi may include known non-

linear functions of underlying variables, we assume that the school effect
can be expressed as

vðs; tÞ5Z ðs; tÞ0d1 Q 0
sVQ 1 ys; ð2Þ

where the observed variablesQs and the error component ys capture other
determinants of school quality that are not influenced by the voucher.
They include characteristics of the building and qualities of the principal
and the teachers in a district that do not respond to changes inZ ðs; tÞ.
As we noted earlier, competition effects and public finance effects in-
duced by the vouchermight lead to additional changes in these variables,
but this is not the focus of this study.11

C. The Cream Skimming Effect ppðtÞ

For individual i we define the cream skimming effect of voucher pro-

gram t conditional on staying in public school as

piðtÞ; YiðtÞ2 Yið0Þ5 vðSi ; tÞ2 vðSi ; 0Þ
5 ½Z ðSi ; tÞ2Z ðSi ; 0Þ�0d:

10 Interactions between vðSi ; tÞ and εi would be difficult to identify.
11 Again, peer effects are only a part of d. Also, we are sidestepping the reflection prob-

lem discussed by Manski ð1993Þ. It does not matter for our simulations whether peer
effects operate through covariates or outcomes. The part of d in ð2Þ that captures peer ef-

fects is the vector of reduced-form coefficients of a model with reflection. In the case of
both college enrollment and earnings, what we term student body effects may also capture
a signaling-type mechanism in which colleges statistically discriminate in admissions and
firms statistically discriminate in employment and pay on the basis of student body quality
ðsee MacLeod and Urquiola 2013Þ. The effects of statistical discrimination on post–high
school options would also affect the return to graduating from high school, but not the
other outcome we consider—test scores. We cannot isolate this part of d.
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Our parameter of interest is the average value of this “cream skimming”
effect for public school stayers under a school choice program:

cream skimming effect of school choice 277
ppðtÞ; EðpiðtÞjP t

i 5 1; P 0
i 5 1Þ

5 ½EðZ ðSi ; tÞjP t

i 5 P 0
i 5 1Þ2 EðZ ðSi ; 0ÞjP t

i 5 P 0
i 5 1Þ�0d: ð3Þ

Thus we need to identify d and the difference between EðZ ðSi ; tÞjP t
i 5

P 0
i 5 1Þ and EðZ ðSi ; 0ÞjP t

i 5 P 0
i 5 1Þ to identify thecreamskimmingeffect.

We now derive the formula for ppðtÞ that underlies our empirical in-
vestigation.The termEðZ ðSi ; 0ÞjP t

i 5 P 0
i 5 1Þ involves P t

i , which is not ob-
served because it depends on a hypothetical voucher that has not been
implemented. However, P 0

i is observed, and so we can condition on
P 0
i 5 1, the set of people currently in public school. Define xi as a vector

consisting of a subset of fixed school district–specific variables ðsuch as
the income distribution in SiÞ that determineZ ðSi ; 0Þ andZ ðSi ; tÞ as well
as some individual covariates. The key assumptions concerning xi are
that

EðZ ðSi ; 0Þjxi ; P
t

i 5 P 0
i 5 1Þ5 EðZ ðSi ; 0Þjxi ; P

0
i 5 1Þ; ð4Þ

EðZ ðSi ; tÞjxi ; P
t

i 5 P 0
i 5 1Þ5 EðZ ðSi ; tÞjxi ; P

0
i 5 1Þ: ð5Þ

These conditions say that the decision to remain in public school
ðP t

i 5 1Þ does not contain information about public school peers beyond
what is contained in xi . The conditions do not restrict selection on who
attends public school. That selection is already embodied inZ ðSi ; 0Þ. In
our models these assumptions are innocuous. In our base case we have
selection only on observables, so Z ðSi ; 0Þ is essentially observed and is
included in xi . We can use a similar condition for our empirical ana-
logue of equation ð5Þ.
Let G denote a generic distribution and let Gðxi jP t

i 5 P 0
i 5 1Þ be the

distribution of xi for public school stayers. From Bayes’s theorem,

dGðxi jP t

i 5 P 0
i 5 1Þ5 PrðP t

i 5 1jP 0
i 5 1; xiÞ

PrðP t
i 5 1jP 0

i 5 1Þ dGðxi jP 0
i 5 1Þ

5 wðt; xiÞdGðxi jP 0
i 5 1Þ;

ð6Þ

where the weighting function

wðt; xiÞ;
PrðP t

i 5 1jP 0
i 5 1; xiÞ

PrðP t
i 5 1jP 0

i 5 1Þ
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is the relative probability of remaining in public school after the voucher
program t is put into effect, conditional on xi .
The weight wðt; x Þ is the link between the observable distribution of

278 journal of political economy
i

xi for all public school students to the distribution of those who stay af-
ter the voucher. It is central to the analysis because, as we show next,
it can be used to infer average student body characteristics after the
voucher program is implemented from the distribution in the absence
of the program.
One may rewrite EðZ ðSi ; 0ÞjP t

i 5 P 0
i 5 1Þ as

EðZ ðSi ; 0ÞjP t

i 5 P 0
i 5 1Þ

5 EEðZ ðSi ; 0Þjxi ; P
t

i 5 P 0
i 5 1ÞdGðxi jP t

i 5 P 0
i 5 1Þ

5 EEðZ ðSi ; 0Þjxi ; P
t

i 5 P 0
i 5 1Þwðt; xiÞdGðxi jP 0

i 5 1Þ

5 EEðZ ðSi ; 0Þjxi ; P
0
i 5 1Þwðt; xiÞdGðxi jP 0

i 5 1Þ

5 EðZ ðSi ; 0Þwðt; xiÞjP 0
i 5 1Þ;

ð7Þ

where the first equality comes from the law of iterated expectations, the
second comes from the definition of w, the third applies equation ð4Þ,
and the fourth line comes from the law of iterated expectations.
Using the exact same argument with Z ðSi ; tÞ taking the place of

Z ðSi ; 0Þ and using equation ð5Þ,

EðZ ðSi ; tÞjP t

i 5 P 0
i 5 1Þ5 EðZ ðSi ; tÞwðt; xiÞjP 0

i 5 1Þ: ð8Þ

Using equations ð7Þ, ð8Þ, and ð3Þ, we can write ppðtÞ as

ppðtÞ5 Eðwðt; xiÞ½Z ðSi ; tÞ2Z ðSi ; 0Þ�0djP 0
i 5 1Þ: ð9Þ

The cream skimming formula simplifies further if the gain from
choosing the default school is monotone in the sense that no student
chooses to attend the default school under the proposed choice policy if
he or she would not under the status quo. That is, by monotonicity we
mean that if P t

i 5 1, then P 0
i 5 1. This is a very natural assumption in the

case of expansion of charter schools or introduction of a voucher pro-
gram, although it would not make sense for an expansion of choices
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within public schools.12 Label the schools in the United States as s1, . . . ,
sL. Then

cream skimming effect of school choice 279
EðZ ðSi ; tÞjP t

i 5 1; P 0
i 5 1Þ

5 EðZ ðSi ; tÞjP t

i 5 1Þ

5 o
L

‘51

Z ðs‘; tÞPrðSi 5 s‘jP t

i 5 1Þ

5 o
L

‘51

EðZi jSi 5 s‘; P t

i 5 1ÞPrðSi 5 s‘jP t

i 5 1Þ

5 EðZi jP t

i 5 1Þ:
The first equality comes from monotonicity, the second explicitly states
what the expectation means, the third replaces Z ðs‘; tÞ with its formal
definition, and the fourth uses the law of iterated expectations. This
expression uses the fact that the average peer characteristic in a school is
also the average characteristic in the school.
Using the same argument that we use for equation ð7Þ, we can show

that

EðZ ðSi ; tÞjP t

i 5 P 0
i 5 1Þ5 EðZiwðt; xiÞjP 0

i 5 1Þ
so that under monotonicity ð3Þ reduces to13

ppðtÞ5 Eðwðt; xiÞ½Zi 2Z ðSi ; 0Þ�0djP 0
i 5 1Þ

5 Covðwðt; xiÞ; ½Zi 2Z ðSi ; 0Þ�0djP 0
i 5 1Þ:

ð10Þ

Here we can also replace the assumption ð5Þ with the simpler assumption

EðZi jxi ; P
t

i 5 P 0
i 5 1Þ5 EðZi jxi ; P

0
i 5 1Þ; ð11Þ

which holds trivially if Zi is included in xi , as in our base case model
below.
In practice, we do not observe all the classmates of a student, but only

a random sample. LetZ S2i be the “i left-out means” consisting of the av-
erage value of Z for sample members who attended i’s public school Si,
with i excluded. Then since

EðZS2i jxi ; P
t

i 5 P 0
i 5 1Þ5 EðZ ðSi ; 0Þjxi ; P

t

i 5 P 0
i 5 1Þ;

12 While we estimate some models in which monotonicity does not have to hold, in every
case we present below it does hold given the model estimates. The simplified version of
ð9Þ eases interpretation of the empirical work.
13 Going from the expectation to the covariance in the second equality uses the addi-
tional fact that EðZi jP 0

i 5 1Þ5 EðZ ðSi ; 0ÞjP 0
i 5 1Þ.
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we can also express the cream skimming effect as14

ppðtÞ5 Eðwðt; xiÞ½Zi 2ZS2i �0djP 0
i 5 1Þ

280 journal of political economy
5 Covðwðt; xiÞ; ½Zi 2ZS2i �0djP 0
i 5 1Þ;

ð12Þ

where we also replace the assumption ð4Þ with
EðZ S2i jxi ; P

t

i 5 P 0
i 5 1Þ5 EðZ S2i jxi ; P

0
i 5 1Þ; ð13Þ

and we include ZS2i in xi so that the assumption is satisfied.
Equation ð10Þ ðor analogously ½12�Þ shows that the cream skimming

effect ppðtÞ is the covariance between wðt; xiÞ and ½Zi 2Z ðSi ; 0Þ�0d. It is
easy to see that ppðtÞ depends on three factors. The first is the extent and
the nature of the variation in wðt; xiÞ. If wðt; xiÞ does not vary across i,
then students who move in response to t are more or less a random
sample, and the characteristics of the peers of students who remain in
public school do not change. If wðt; xiÞ does vary but is unrelated to
variation within a school, there would be no cream skimming. The cream
skimming effect would be zero. By the same token, ppðtÞ is more nega-
tive the greater degree to which wiðtÞ declines with characteristics that
benefit other students ði.e., characteristics that increase ½Zi 2Z ðSi ; 0Þ�0dÞ.
Targeting the voucher toward students with low values of ½Zi 2Z ðSi ; 0Þ�0d
will lower wðt; xiÞ for those students and move ppðtÞ in a positive di-
rection.
The second determinant of ppðtÞ is the extent of heterogeneity in

peer characteristics within a school. The value of ppðtÞ will be zero if
there is no heterogeneity in Zi within a school ðe.g., parental background
is identicalÞ. In this case, Zi 2Z ðSi ; 0Þ would be zero for all i and once
again the cream skimming effect would be zero. The more heteroge-
neity within a school, themore negative the cream skimming effect could
potentially be. The components of Zi matter for the cream skimming ef-
fect only to the extent that they are correlated with wðt; xiÞ.
The third determinant is the magnitude of the student body coeffi-

cients d. The value of ppðtÞ will be identically zero if there are no student
body effects ðd5 0Þ. More generally, the more school composition mat-
ters for school outcomes, the more important the cream skimming ef-
fect could potentially be.
Thus one can see the importance of all three factors. The cream

skimming effect will be zero if any of the three channels is zero, not just
if all three are zero. By the same logic, to get a large value of ppðtÞ, all the
channels must be sizable. We obtain small values for ppðtÞ below because

14 We leave Zi out because random variation in Z across the sample of students from the
same high school makes the correlation between Zi and the mean including Zi stronger
than the correlation between Z andZ ðP ; 0Þ.
i i
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of the combination of factors, not a single one. We show that when one
plugs reasonable estimates of the three channels into the formula, small
estimates of ppðtÞ come out.
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In Section VII.A.3, we explain how to generalize the cream skimming
formula to the case of endogenous choice of district Si, but we do not
account for this in the empirical implementation.

III. Data
NELS:88 is a National Center for Education Statistics ðNCESÞ survey that

began in the spring of 1988. A total of 1,032 schools contributed as many
as 26 eighth-grade students to the base year survey, resulting in 24,599
eighth graders participating.15 Subsamples of these individuals were re-
interviewed in 1990, 1992, 1994, and 2000. The NCES attempted to con-
tact only 20,062 base year respondents in the first and second follow-ups
and only 14,041 in the 1994 survey. Additional observations are lost be-
cause of attrition. A subsample of 12,144 individuals were reinterviewed
in 2000, when most respondents were 26 years old. Our analysis is based
primarily on the restricted-use version of NELS:88, to which we have
merged characteristics of the geographic area and school district.
Parent, student, and teacher surveys in the base year provide informa-

tion on family and individual background as well as a very rich set of pre–
high school achievement and behaviors. Each student was also adminis-
tered a series of cognitive tests in the 1988, 1990, and 1992 surveys to
ascertain aptitude and achievement in math, science, reading, and his-
tory.We use the behaviormeasures and eighth-grade test scores as person-
specific control variables and student body measures. They have the ad-
vantage of being determined prior to high school.
Our main outcome measure is a high school graduation indicator,

which is one if the respondent graduated from high school by the date
of the 1994 survey and zero otherwise. The school choice variables are
mutually exclusive indicators for whether the current or last school in
which the individual was enrolled as of 1990 ð2 years after the eighth-
grade yearÞ was a public high school, a Catholic high school, or a non-
Catholic private high school.16 Unless noted otherwise, the results in the
paper are weighted.17 Definitions of variables are provided in online ap-

15 This description draws heavily on Altonji, Elder, and Taber ð2002Þ.
16 A student who started in a private high school and transferred to a public school prior
to the tenth-grade survey is coded as attending a public high school. In the case of Catholic
schools, Altonji et al. ð2002Þ present evidence that this is a minor issue.

17 The sampling scheme in the NELS:88 is complicated. See Spencer et al. ð1990Þ and
Haggerty et al. ð1996Þ for details. The weights depend in part on school choice and on
outcomes, so it is important to weight. We use the third follow-up panel weights ðf3pnlwtÞ
for all analyses involving high school graduation or college attendance. The twelfth-grade
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pendix 1. In the empirical analysis, missing values for key explanatory
variables are replaced by their respective unweighted average values, and
we include missing value dummies in the school choice and outcome

282 journal of political economy
models for a few variables as indicated in appendix tables A1 and A2.
Because of the complexity of the estimator of ppðtÞ and its components,
we use a block bootstrap method to compute standard errors and con-
fidence intervals for most of the parameters. The blocks allow for cor-
relation in the error terms among students who attend the same eighth
grade and among students who attend the same high school. The blocks
consist of students from each set of eighth grades that sent at least one
student to a common high school. See appendix 1 for more detail. The
distribution of Ns, the number of sample members in each high school,
is concentrated between six and 18 observations in our effective sample.
Descriptive statistics.—Table 1 presents weighted means and standard

deviations for the variables we use in the analysis, with imputed values
excluded. Themain point to bemade from the table is that children who
attend either Catholic high schools or other private high schools are
advantaged relative to students in public schools. For example, they come
from families with substantially higher incomes, have better-educated
parents, are more likely to have both father and mother present, and
have higher eighth-grade achievement scores. They also have a 0.63 ad-
vantage in log family income. The gap in eighth-grade math scores be-
tween private high school students and public high school students is
0.39 standard deviations.
Table 1 also shows that private high school students look stronger on

a number of measures of eighth-grade behavior. For example, they score
lower on an index of delinquency, fight less with other students, and
have fewer behavior problems. They are more likely to complete home-
work, are much less likely to have repeated at least one grade between
fourth and eighth grades, and scoremuch lower on a composite measure
of the risk of dropping out. The large gap between private high school
students and public school students on a broad range of observed char-
acteristics that are relevant for school achievement is part of the cause
for concern that vouchers will lead more advantaged students to leave pub-
lic school. With regard to outcomes, students who attend private high
schools are much more likely to graduate from high school than public
high school students ð.94 vs. .86Þ and much more likely to be attending

math test and the labor income analyses use the second and the fourth follow-up panel
weights, respectively. For the school choice models, we use the first follow-up panel weights

ðf1pnlwtÞ. Weighting is particularly tricky when student body effects and/or unobserved
school characteristics influence school choice, because then the appropriate weights
depend on the collective behavior of the group of NELS:88 eighth graders in the atten-
dance area of a particular public high school, not just the behavior of individual students.
We discuss the issues in online apps. 3 and 4, respectively, but do not provide a full solution.
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a 4-year college 2 years after the normal high school graduation year ð.57
vs. .29Þ.

cream skimming effect of school choice 283
IV. Results for the Basic Model
In this section we present cream skimming estimates for our baseline

specification. For this case, we exclude student body characteristics and
unobserved school district–specific attributes from the school choice
model. We also assume that only observed student body characteristics
matter for school quality. We begin with a discussion of the school choice
estimates and the effects of a student’s own characteristics on outcomes.
We then turn to the effects of student body characteristics on outcomes.
Finally, we present estimates of the effects of a specific voucher pro-
gram t on the characteristics of those who remain in public school as
well as estimates of ppðtÞ. The steps of the estimation procedure are as
follows.

1. Estimate the school choice preference parameters ðSec. IV.AÞ.
2. Estimate the determinants of the outcome, including the coeffi-

cients on student characteristics and the school composition effects
ðSec. IV.BÞ.

3. Given a specific hypothetical voucher program, use the interac-
tion between the program and preferences to estimate wðt; xiÞ
ðSec. IV.CÞ.

4. Calculate the treatment effect ppðtÞ ðSec. IV.DÞ.

A. Estimates of the Basic School Choice Model

In our base case we consider a very simple version of the choice model
and voucher program in which public school attendance is determined
as a probit

P t

i 5 1ðX 0
i b1 Q 0

Si
bQ 2 tðtÞ1 ui ≥ 0Þ; ð14Þ

where 1ð�Þ is the indicator function, tðtÞ is the level of the universal
voucher under program t, and ui is a standard normal and is indepen-
dent of Xi as well as the observable covariates of other students who at-
tend school Si.

18 In the data there is no voucher program, so the voucher
subsidy tð0Þ 5 0. Furthermore, because we do not have data on tðtÞ, we
normalize VarðuiÞ 5 1. This implicitly defines the scale of t such that a

18 Since the variables inQSi are measured in eighth grade whileQSi is defined by the high
school, there is a small amount of within–high school variation in these covariates. We take

the average value of these variables within a school so that there is no within-school vari-
ation. This makes essentially no difference in the estimation.
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TABLE 1
Descriptive Statistics: Full Sample by High School Type

ariable
All

Schools
Public
Schools

All
Private

Catholic
Private

Other
Private

emographics:
Male .50 .50 .53 .54 .52
Hispanic .10 .10 .08 .10 .05
Black .13 .13 .08 .11 .02
eographic variables and zip code

characteristics:
Northeast .20 .18 .31 .32 .29
North central .26 .27 .22 .28 .13
South .35 .35 .30 .25 .39
Urban .25 .23 .45 .48 .40
Suburban .44 .43 .47 .49 .45
Distance from Catholic high school
ð100s of kilometersÞ .30 .32 .10 .05 .18

ð.48Þ ð.49Þ ð.24Þ ð.06Þ ð.36Þ
Fraction black .11 .10 .12 .13 .10

ð.18Þ ð.19Þ ð.19Þ ð.20Þ ð.16Þ
Fraction Hispanic .08 .08 .07 .09 .05

ð.16Þ ð.17Þ ð.13Þ ð.15Þ ð.09Þ
Median income 2.98 2.94 3.36 3.44 3.24

ð1.35Þ ð1.30Þ ð1.73Þ ð1.62Þ ð1.88Þ
Fraction under poverty line .12 .13 .11 .11 .10

ð.09Þ ð.09Þ ð.10Þ ð.09Þ ð.11Þ
Fraction over two times poverty line .64 .64 .66 .68 .61

ð.20Þ ð.20Þ ð.24Þ ð.20Þ ð.28Þ
arental background:
Both parents present .66 .65 .80 .79 .81
Father’s education 13.45 13.24 15.19 14.55 16.13

ð2.88Þ ð2.81Þ ð2.90Þ ð2.74Þ ð2.89Þ
Mother’s education 12.97 12.84 14.08 13.73 14.61

ð2.29Þ ð2.27Þ ð2.17Þ ð2.12Þ ð2.14Þ
Logðfamily incomeÞ 1987 10.27 10.21 10.84 10.71 11.02

ð.90Þ ð.88Þ ð.80Þ ð.80Þ ð.76Þ
Limited English proficiency .02 .02 .01 .01 .02
Parents Catholic .31 .28 .53 .79 .14
th-grade test scores and academic

performance:
Reading score 50.84 50.38 54.89 54.42 55.60

ð9.96Þ ð9.86Þ ð9.93Þ ð9.54Þ ð10.48Þ
Math score 50.94 50.54 54.40 53.91 55.16

ð9.94Þ ð9.90Þ ð9.59Þ ð9.03Þ ð10.34Þ
Science score 50.85 50.56 53.38 52.89 54.14

ð9.93Þ ð9.91Þ ð9.75Þ ð9.08Þ ð10.65Þ
History score 50.92 50.47 54.87 54.53 55.37

ð9.90Þ ð9.77Þ ð10.17Þ ð9.28Þ ð11.37Þ
Delinquency index .63 .65 .53 .52 .53

ð1.06Þ ð1.08Þ ð.91Þ ð.93Þ ð.88Þ
Grades composite 2.94 2.92 3.11 3.13 3.07

ð.73Þ ð.74Þ ð.66Þ ð.62Þ ð.70Þ
Student got into fight with other student .25 .25 .22 .22 .22
Student performs below ability .25 .25 .20 .15 .27
Student rarely completes homework .19 .20 .13 .09 .18
Student frequently absent .09 .10 .06 .07 .05
Student inattentive in class .20 .20 .17 .12 .24
V

D

G

P

8
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unit change in t has the same effect on school choice as a one standard
deviation change in the ui.
The above model is a special case of more complicated school choice

TABLE 1 (Continued)

Variable
All

Schools
Public
Schools

All
Private

Catholic
Private

Other
Private

Student frequently disruptive .12 .12 .12 .07 .19
Parent believes child has a behavior
problem .08 .09 .05 .04 .07

Repeated a grade .06 .06 .03 .02 .04
Dropout risk composite .66 .70 .30 .36 .21

ð.93Þ ð.95Þ ð.54Þ ð.59Þ ð.44Þ
Lack of effort index 4.01 4.03 3.81 3.49 4.30

ð2.73Þ ð2.72Þ ð2.82Þ ð2.63Þ ð3.02Þ
Enrolled in a gifted program .14 .14 .12 .10 .15

Outcomes:
High school graduation .87 .86 .94 .98 .89
12th-grade reading test 50.89 50.45 54.77 54.21 55.68

ð9.71Þ ð9.70Þ ð8.87Þ ð8.92Þ ð8.73Þ
12th-grade math test 51.01 50.53 55.24 54.97 55.69

ð9.73Þ ð9.71Þ ð8.90Þ ð8.36Þ ð9.69Þ
Log earnings in 1999 9.96 9.94 10.07 10.18 9.90

ð.78Þ ð.78Þ ð.77Þ ð.67Þ ð.87Þ
Attended 4-year college .32 .29 .57 .57 .56

Missing value indicators:
Family income missing .09 .09 .12 .14 .10
Tests missing .03 .03 .02 .02 .02
Student behavior missing .06 .05 .09 .09 .10
Distance missing .06 .05 .08 .06 .13
Census data missing .04 .04 .07 .03 .13

Sample size 16,483 14,193 2,290 963 1,354

Note.—Means for individual variables and standard deviations ðin parenthesesÞ exclude
missing cases, which were assigned the sample means when the variables are used in the
school choice and outcome equations. Sample sizes refer to the school choice sample, and
the number of nonmissing cases varies across variables. Sample sizes for the outcome vari
ables are smaller. Explanatory variables are weighted using the base year through the firs
follow-up panel weights. High school graduation and attend 4-year college are weighted
using base year through the third follow-up panel weights. The 12th-grade test scores and
log earnings in 1999 are weighted using the second follow-up panel weights and the fourth
follow-up panel weights, respectively.
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models we will estimate in later sections. In Section V, we allow the choice
to depend not only on the student’s own characteristics but on the char-
acteristics of the public school peers. In Section VII.A.2, we work with
an explicit utility-maximizing model, of which the probit model ð14Þ is a
special case. In Section VI, we allow for unobservable student body char-
acteristics and fixed unobservable school characteristics. These exten-
sions dramatically complicate the analysis but do not alter our basic con-
clusion.
Specification ð14Þ assumes that vouchers are equivalent to an inter-

cept shift in the latent variable that determines school choice. Our base



case does not allow for interactions. Excluding themwill tend to overstate
the importance of cream skimming for real-world voucher programs, for
two reasons. First, as we will discuss formally in Section VII.A.2, income

286 journal of political economy
effects should lead low-income families to be more price sensitive, and
these families typically have negative student body effects. Second, the
estimates of b will capture both student preferences about where to go
to school and private schools’ preferences for students through admis-
sion or financial aid decisions. The above specification is for a universal
voucher that lowers net tuition for everyone by the same amount with-
out changing differential treatment. The students who move to private
schools in response to a voucher program that prohibits positive selection
in admissions and aid would probably have weaker peer characteristics
than our model would predict.
Online appendix table A1 presents maximum likelihood estimation

ðMLEÞ probit estimates of b for the basic school choice model ð14Þ for
the full sample. The dependent variable P 0

i is one if the student attended
public school and zero if the student attended a private high school.
We have chosen a rich set of regressors rather than a parsimonious

specification to ensure that our estimates of student body effects are not
contaminated by failure to control for the direct effects of a student’s
own characteristics and to ensure that the models give strong predictors
of preference for public school and of high school graduation. In ad-
dition to Catholic, which is one if the parents are Catholic, the equation
contains gender and race/ethnicity dummies, region dummies, and urban
and suburban dummies. It also contains multiple measures of parental
background ðboth parents present, father’s education, mother’s educa-
tion, and log family incomeÞ; multiple measures of aptitude and achieve-
ment, including grades and eighth-grade reading, math, science, and his-
tory tests; and multiple behavioral and student performance measures.
Consequently, individual variables are hard to interpret, and most are
statistically insignificant, although the variables are collectively highly sig-
nificant and the pseudo R2 of the model is .22.
A few results are worth highlighting. Students with better-educated

mothers and fathers are less likely to attend public school. Parental in-
come is negative and significant. A 2-year increase in both father’s edu-
cation and mother’s education accompanied by an increase in log family
income of 0.4 would lead to a decline in the public school probability
from .899 to .848. Of course, these estimates hold the cognitive and be-
havior measures constant. Reading enters with a statistically significant
negative coefficient, but coefficients on the other tests vary in sign and
are not significant. All the behavioral measures that have a statistically
significant negative association with high school graduation are positively
associated with public school attendance, although typically they are not
statistically significant. Urban and suburban students are much less likely
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to attend public school than rural students. These results are probably
influenced by the fact that private schools, particularly Catholic schools,
are concentrated in urban and suburban areas. Given the prevalence of

cream skimming effect of school choice 287
Catholic high schools, the large negative coefficient on Catholic is not
surprising.

B. Estimation of the School Outcome Parameters
We estimate the school outcome model in two steps. First we estimate

the coefficient vector g from equation ð1Þ by ordinary least squares
ðOLSÞ regression of Yið0Þ on Xi with public school fixed effects. We then
use the estimated school fixed effect in the first stage to estimate d in our
second stage.
Online appendix table A2 presents estimates of g, the effect of stu-

dent’s own characteristics on high school graduation, holding constant
high school characteristics common to all students. Estimation is based
on the public high school sample. The estimates are the coefficients from
a linear probability model with high school fixed effects included. Block
bootstrap confidence interval estimates are also reported.19

Because we work with a very rich model, the estimates for specific
family background variables, eighth-grade test score and achievement
measures, and behavioral measures are hard to interpret and are not of
central interest for our study. The results for most of the variables are
consistent with the literature. We obtain positive coefficients on father’s
education and family income, and they are significant. Not surprisingly,
the math test score enters positively. The positive coefficient on black
is consistent with other studies of educational attainment that control
for test scores and family background. The graduation probability is
.15 lower for students who repeat a grade, .17 lower for students who
are frequently absent, and .09 lower for students who rarely complete
homework.
In this base case, we assume that all elements of Zi are observed ðthis is

relaxed in Sec. VIÞ. Furthermore, we assume that ysi in ð2Þ is uncorrelated
with Zi and Qsi . ðWe can define VQ and ysi so that ysi and Qsi are uncor-
related.Þ In this case, estimation of d would be straightforward if we ob-
served the full population of students in each high school. We would just
regress the estimated fixed effect on the student body characteristics
ðZ ðSi ; 0ÞÞ controlling for other aspects of the school ðQsi Þ.
We cannot constructZ ðSi ; 0Þ exactly because we do not observe all the

students who attend the high school. However, we do observe a sample

19 Correlation between εi and ui could lead to sample selection bias given that we restrict
the sample to public school students. We ignore this problem here given that relatively few
students choose private school. We do correct for selection bias when we allow for un-

observables in Sec. VI.
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of students from each public school and thus can approach estimation
of d as an errors-in-variable problem in which we observe Z ðSi ; 0Þ with
error. With two people in each school, the solution would be a straight-

288 journal of political economy
forward application of errors in variables with two noisy measures; we
would use one person’s Zi as an instrument for the other one. That is, let
i and j index two people chosen at random from school s. Then

Zi ; EðZi jSi 5 sÞ1 qi 5Z ðs; 0Þ1 qi ;

Zj ; EðZj jSi 5 sÞ1 qj 5Z ðs; 0Þ1 qj :

The fact that i and j are chosen at random implies that Eðqj jZiÞ5 0. Thus
this is a classic errors-in-variables problem in which we can use Zi as an
instrument for Zj to estimate d.
The estimation problem ismore complicated withmore than two peers

as there are many possible instruments and thus many ways to imple-
ment the instrumental variable ðIVÞ procedure. We could use only two
observations from each school and use the procedure above, but this
would involve throwing out most of our data. On the basis of Devereux’s
ð2007Þ discussion of alternative approaches, we chose to estimate d using
the jackknife instrumental variable estimator ð JIVEÞ. Specifically, rewrite
ð2Þ as

v̂ðSi ; 0Þ5 Z 0
i d1 Q 0

Si
VQ 1 εvi ; ð15Þ

where v̂ðSi ; 0Þ is the estimate of the school fixed effect for the school Si
attended by person i and the error term

εvi 5 ½Z ðSi ; 0Þ0 2 Z 0
i �d1 ys 1 ½v̂ðSi ; 0Þ2 vðSi ; 0Þ�:

We estimate d and VQ by IV regression. The instruments are QSi and the
i left-out means ZS2i consisting of the average value of Z for sample
members who attended i’s public school Si, with i excluded.20 Note that

20 Because we must deal with sampling error in our measures of student body char-
acteristics, the use of nonlinear alternatives to the linear probability model with fixed

effects would greatly complicate the analysis. Note that JIVE does not deal with correlation
between Z and ys , but keep in mind that the student body effects parameter d includes all
the channels through which who attends a school influences school quality, not just peer
effects in the classroom and school. This means that much of the discussion of omitted
variable bias in the peer effects literature is not a concern here. Nevertheless, there are
several other sources of bias in d̂. First, bias in ĝ will spill over into bias d̂ in the opposite
direction. Second, advantaged students tend to go to better schools, suggesting a positive
correlation between elements of ZS2i representing high socioeconomic status and the fixed
unobserved component of school quality ys even though the link is not causal. The fact that
some high schools have more than one feeder school will bias d̂ to the extent that the
mean of Zi varies across feeder schools for a given high school and the sample is not
representative of the mix of students from the various feeder schools. This is likely to bias d̂
downward. On the other hand, these students were schoolmates during eighth grade as

This content downloaded from 
�������������144.92.38.235 on Fri, 01 May 2020 18:06:14 UTC������������� 

All use subject to https://about.jstor.org/terms



JIVE is not an alternative estimator to IV; it is just a relatively efficient way
to use instruments when many are available. As it turns out, when d is
unrestricted, it is poorly determined in the sample because there is sub-
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stantial collinearity among theZS2i .
21 Consequently, we focus on models

that impose index restrictions onZ ðs; tÞ0d. For the base case we assume
that Z 0

i d5 dX 0
gX

0
i g, where g is a coefficient from the outcome equation

ð1Þ relating i’s characteristics Xi to the outcome Yi. The assumption im-
plies that

Z ðs; tÞ0d5 dX 0
gX ðs; tÞ0g: ð16Þ

The equation restricts the student body effects on Yi of school averages
of father’s education, family income, and so forth to be proportional to
the direct effects of these on Yi. One might expect the degree to which
characteristics of student i influence the outcomes of other students
is related to the degree to which they influence i directly, although the
proportionality restriction is unlikely to hold exactly. We choose this
specification for three reasons. First, we find it intuitively appealing that
student characteristics matter for other students in proportion to the
degree to which they matter for one’s own outcome. Second, the out-
come variable and X ðs; tÞ0g are in the same units. This makes the dX 0

g

parameter easy to interpret, as we describe below. Finally, it can be for-
mally justified as coming from a model with endogenous peer effects in
the sense of Manski ð1993Þ. We show this in online appendix 2.
Because religious preference plays a very special role in the decision to

attend a Catholic high school, Catholic is set to zero when we evaluate
the outcome index X 0

i g for the purpose of imposing index restrictions
on the student body effect parameters d. Under a voucher program, the
fraction of private high schools that are Catholic would probably decline.
We estimate dX 0

g by replacing Z 0
i d with dX 0

gX
0
i ĝ in ð15Þ and usingX

0
S2i
ĝ as

the instruments for X 0
i ĝ while controlling for QSi. Panel A of table 2 re-

ports d̂X 0
g, with 95 percent confidence intervals in parentheses. These are

based on 1,000 bootstrap replications. The vector QSi consists of the re-
gion indicators, urban and suburban indicators, and a quadratic func-

well. Since d is defined to be the effect of high school student body composition, d̂ will
be biased upward to the extent that eighth-grade student body effects continue tomatter for
21 The collinearity among theZS2i reflects that fact that student body traits such as the
means of eighth-grade test scores, mother’s and father’s education, and family income tend
to move together across schools. All the elements of Zi have to be treated as endogenous
variables. Furthermore, sampling variation in the i left-out school averagesZS2i due to the
relatively small sample sizes for each school reduces the size of the first-stage coefficients in
the JIVE procedure. The large number of endogenous regressors and collinearity among
the instruments and relatively small first-stage coefficients make estimation of d difficult.

high school. Since the net effect of the various biases is ambiguous, we also experiment with
alternative values of d.
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tion of distance from the closest Catholic school ðcoefficients not shownÞ
Wefind that d̂X 0

g is 0.368. Given thatX ðs; tÞ0ĝ and Y are in the same units
the point estimate says that an increase in X ðs; tÞ0ĝ of an amount D

With some abuse of notation, we now use t to refer specifically to a uni

TABLE 2
Estimation of the Effects of Student Body Composition

on Public High School Graduation ðdÞ
X 0
b Index:
dX 0

b

ð1Þ

X 0
g Index
dX 0

g

ð2Þ
A. Base case .3680

ð.0307, .6324Þ
B. Base case with effects proportional to X 0

b 2.0450
ð2.0985, .0041Þ

C. Unobservable student body effects:
g 5 1 .0161 .0331

ð2.0066, .0383Þ ð2.0188, .0983Þ
g 5 .5 .0170 .0325

ð2.0078, .0404Þ ð2.0186, .0971Þ
g 5 1.5 .0146 .0338

ð2.0055, .0349Þ ð2.0189, .0994Þ
D. Student body quality affects school choice:
X 0
g index .3680

ð.0581, .6002Þ
X 0
b index 2.0389

ð2.0826, 2.0008Þ
Note.—The table reports estimates of dX 0

g and dX 0
b. Panel A is the base case and assume

that the student body effect is proportional to X 0
g. Panel B assumes that the effect i

proportional to X 0
b. Panel C allows unobserved student body characteristics to affec

outcomes. The effect of the unobserved index is gdX 0
b for the X

0
b specification and gdX 0

g for
theX 0

g specification, where g is assigned the values indicated in the row labels. Panel D
reports dX 0

g and dX 0
b when student body characteristics affect school choice ðJ ≠ 0Þ. Number

in parentheses are 95 percent confidence intervals.

290 journal of political economy
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raises the expected number of students who graduate from high school
s by 1:368D. This value is the sum of D, the direct effect of X

0
i ĝ on i,

plus the student body effect 0:368D. Consequently, the fraction 0:2705
0:368=1:368 of the effect ofX ðs; tÞ0ĝ on the graduation rate for a given
high school operates through student body effects. Thus d̂X 0

g is substan-
tial, although it includes more than pure classroom peer effects. The es-
timate of d̂X 0

g is statistically distinct from zero, but the 95 percent confi-
dence interval is fairly wide: ð0.03, 0.63Þ.

C. Construction of the Weighting Function
-

versal voucher generous enough to induce 10 percent of public school
students to move to private school rather than as the index for a general



set of school choice programs.22 Since we are considering a universal
voucher, we also use the simpler notation t rather than spell out tðtÞ
every time. Given estimates of the model, we next define the magnitude
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of t for the counterfactual and then construct an estimate of the weight-
ing function wðt; xiÞ to estimate the cream skimming effect.
We do not need to know the price elasticity of demand for private

schools or the size and effect of a reduction in nontuition costs that re-
sult from entry of additional private schools. Instead, we define the “size”
t of the voucher subsidy ðin units of uiÞ in terms of the percentage of
people induced to attend private school by the voucher. For our base
case we define t to be the value that would induce 10 percent of public
school students to move. Letting F be the cumulative density function of
a standard normal, we estimate t as the value that solves23

2 0:105 o i ½FðX 0
i b̂1 Q 0

Si
b̂Q 2 t̂ Þ2 FðX 0

i b̂1 Q 0
Si
b̂Q Þ�

oiFðX 0
i b̂1 Q 0

Si
b̂Q Þ

: ð17Þ

Given the probit model assumption and the fact that Zi is observed,
ð11Þ and ð13Þ are satisfied when xi 5 fXi ; QSi ; X S2ig. We construct

ŵðt; xiÞ;

FðX 0
i b̂1 Q 0

Si
b̂Q 2 t̂ Þ

FðX 0
i b̂1 Q 0

Si
b̂Q Þ

1
NP 0

oj ;P0
j 51

FðX 0
j b̂1 Q 0

Sj
b̂Q 2 t̂ Þ

FðX 0
j b̂1 Q 0

Sj
b̂Q Þ

; ð18Þ

where Np0 is the number of sample members in public school.24

D. Base Case Estimates of the Cream Skimming Effect ppðtÞ
p
We obtain a consistent estimator p̂ ðtÞ by replacing the right-hand side
of ð12Þ with its sample analogue

p̂pðtÞ5 1
NP 0

o
fi : P 0

i 51g
ŵðt; xiÞðXi 2X S2i Þ0ĝd̂X 0

g: ð19Þ

22 A more precise but cumbersome alternative would be to refer to the program using a
specific value of t, say t5 tuniversal10% .

23 In the base case the point estimate of t is 0.5356, which can be interpreted as equiv-

alent to a 0.5356 standard deviation change in the index of unobservables that determines
school choice. The value of t̂ that solves ð12Þ varies across the bootstrap replications used to
construct the confidence intervals for the cream skimming effect.

24 Note that xi depends onX S2i , butX S2i does not enter ŵðt; xiÞ. This fact comes from
the assumption above thatX S2i does not enter school choice model ð14Þ and is uncorre-
lated with ui—an assumption that is relaxed in Sec. V.
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Table 3 presents the base case estimates of the main parameter of
interest—the cream skimming effect ppðtÞ. The point estimate of ppðtÞ is
20.0014 and the lower bound to the confidence interval is20.0023. For

292 journal of political economy
comparison, the public school dropout rate is 0.137.
To put these numbers in perspective, we compare the direct benefits

to students who are induced to move to the harm for students who are
left behind, weighting by the size of the groups. Suppose that moving
from public school to private school leads to an increase in the gradu-
ation rate of 0.06 for those who move. This estimate is in the range of
what one obtains using single-equation methods based on NELS:88 and
is in the range of the lower-bound estimates that Altonji et al. ð2005Þ
obtain for Catholic high schools when they address the problem of se-
lection on unobservables. The voucher program induces 10 percent of
public school students to move, leaving nine students in public school
for everyone who moves. The cream skimming estimate of 20.0014 im-
plies that for each student who moves to private school, the average
graduation rate for students who were in public school prior to the
voucher rises by ð0:062 0:0014 � 9Þ=105 0:0047. The gain of 0.06 for
each student who moves is partially offset by a decline of 0.0014 � 9 5
0.013 in the expected number of high school graduates among the nine
students who remain. This offset is about 20 percent of the direct benefit
received by the child who switches to private school. With the lower-
bound estimate of 20.0023, the negative impact on the number of
graduates is 0.021 among the nine stayers. Thus the average graduation
rate considering both movers and stayers rises by 0.0039.

TABLE 3
p

Estimates of the Cream Skimming Effect p ðtÞ of Vouchers on

High School Graduation Rates of Public School Stayers

Estimate

A. Base case 2.0014
ð2.0023, 2.0001Þ

B. Base case with effects proportional to X 0
b 2.0011

ð2.0026, .0001Þ
Note.—The table reports estimates of ppðtÞ using the base case school

choice model to estimate wðt; xiÞ. These are the estimates of the cream
skimming effect on the high school graduation rate of public school
stayers following the introduction of a universal voucher program that
induces 10 percent of public school students to move to private school.
The estimates are for the base model and for the case in which compo-
sition effects are proportional to X 0

b. The specifications for the student
body effects are ð16Þ and ð20Þ. The corresponding formula for p̂iðtÞ for
the base case is given in ð19Þ with an analogous expression for the X 0

b
case with ĝd̂X 0

g replaced with b̂d̂X 0
b. Panels A and B of table 2 reports the

estimates of dX 0
g and dX 0

b. Numbers in parentheses are 95 percent confi-
dence intervals.
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E. Estimates Assuming Student Body Effects Are Proportional to X 0
b

In this section we assume that student body effects are proportional to

cream skimming effect of school choice 293
themean of the school choice index X 0
i b rather than outcome index X 0

i g:

Z ðs; tÞ0d5 Q 0
sds 1 dX 0

bX ðs; tÞ0b1 vs : ð20Þ
We refer to this as the “X 0

b index” or the “school choice index” speci-
fication.25 While this might seem to be a less natural restriction, in
appendix 2 we show that up to a first-order approximation, student
characteristics matter for cream skimming only to the extent that they
depend on X 0

i b. The intuition follows from the cream skimming for-
mula ð10Þ, which says the components that make up the index Z 0

i d mat-
ter for cream skimming only to the extent that are they are correlated
with wðt; xiÞ, the relative probability that a student will respond to the
voucher.26 More formally, note first that in the basic model, Xi includes
all observed student characteristics that are correlated with choice and
that ui is defined to be independent of Xi and Zi prior to conditioning
on choice. Specifically, we show in appendix 2 thatmodel ð20Þ can be used
if the relationship between an individual’s Z 0

i g and her X 0
i b can be ap-

proximated as

EðZ 0
i djX 0

i b; Si 5 sÞ ≈ Q 0
sds 1 dX 0

bX
0
i b1 vs;

where vs is independent of Qs and the distribution of Xi within a school.
We estimate dX 0

b using the same approach we use above to estimate
dX 0

g. Table 2 reports that d̂X 0
b is 20.045 with a confidence interval from

20.099 to 0.004. To get a sense of the magnitude, note that a decline in
X

0
b̂ of 0.3 would lower the probability of attending a public school by

roughly 0.046. The 0.3 decline inX
0
b̂ would increase the high school

graduation probability by roughly 20.3 � ð20.045Þ 5 0.014.
Row B in table 3 reports that the point estimate of ppðtÞ is 20.0011

and the confidence interval is tight:20.0026 to 0.0001. The lower-bound
estimate implies a small negative effect on the graduation rate of stayers
relative to the public school graduation rate.
When we use 0.06 as the gain for each student who moves and the fact

that the voucher program induces 10 percent of public school students
to move, the point estimate of 20.0011 for the X 0

b index implies that
the overall graduation rate for students who were in public school prior
to the voucher rises by ð0:062 0:0011 � 9Þ=105 0:005. The lower-bound
estimate is ð0:062 0:0026 � 9Þ=105 0:0037. These numbers are close to

25 Note that g is constructed from a fixed-effect model and so will already be purged of
school fixed effects. Since b comes from the probit, it will not be. This is why we need to
include the Q 0

sds term. The details are in the appendix.
26
 The intuition is also related to the fact that in the standard selection model, the

selection bias is a function of the observable index ðHeckman 1979, 199Þ.
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the values for the base case specification using the X 0
g index restriction.

Our justification for the X 0
b index is completely different from our

justification for the X 0
g index. The fact that the basic results are very

294 journal of political economy
similar suggests to us that our choice of indices is not driving the results.

F. The Effects of the Voucher Program on the Characteristics
of Public School Students
Having presented the cream skimming estimate, we now backtrack and
more deeply examine a key determinant of it—the degree to which the
voucher alters the characteristics of public school students. We begin by
comparing the mean characteristics of public school stayers and movers
for our base model.
Point estimates and 95 percent confidence interval estimates of the

means of selected elements of Xi are displayed for stayers and for movers
in columns 1 and 2 of table 4. The results show that the mean for movers
is larger for two parents present, father’s education, mother’s education,
log family income, and all four test scores. Note that the sign, relative
size, and statistical significance of the differences between movers and
stayers in the means of the elements of Xi are only weakly related to the
sign, size, and significance of the corresponding elements of b̂ despite
the key role of b̂ in determining the relative odds that an individual will
remain in public school in response to a voucher. For example, the
mover-stayer difference in means is 1.26 for father’s education and 0.94
for mother’s education. The reason is that the stayer-mover difference
for a particular variable is strongly affected by how it is correlated with
other variables that influence school choice. The difference between the
mean of X 0

i g for the two groups is a good summary of how movers and
stayers differ in terms of traits that matter for high school graduation.
The values imply that the graduation rate for stayers would be 0.047
lower than the rate for movers, with school quality held constant ðtable 4,
cols. 1 and 2, bottom rowÞ.27
Column 4 of the table also reports the change in the average value of

schoolmate characteristics: the average value of Z of the peers of those
who stay in public schools. This comes from the formula

1
NP0

o
i;P 0

i 51

ŵðt; xiÞðZi 2ZS2i Þ:

The changes are small. For example, there is little change in racial/
ethnic composition of schoolmates of public school stayers. The prev-
alence of two-parent households drops by only 20.01. Father’s and

27 We exclude Catholic from Xi when computing X 0
i g and X 0

i b in table 4.
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mother’s education drop by 0.07 and 0.05, respectively, and the log of
parental income drops by 0.025. The math test score declines by 0.12,
which is only 0.012 standard deviations at the individual level.28 Given

cream skimming effect of school choice 295
the values of the changes in student body characteristics in column 4, all
one needs to do to obtain the overall cream skimming effect is to mul-
tiply by d. Given the small values, it would take large student body co-
efficients to obtain large overall cream skimming effects on outcomes. In
fact, the base case estimate of the cream skimming effect in table 3 is
simply the product of 2.0037, the estimate of the average change in the
school means ofX

0
g for stayers ðtable 4, col. 4, bottom rowÞ, and 0.3680,

the estimate of d̂X 0
g.

29

Overall, the results suggest that a universal voucher program of the
magnitude that we consider is unlikely to change the composition of
public schools by very much.

G. Results for College Attendance, Earnings, and Math Scores
We focus on high school graduation because the evidence for a sub-

stantial benefit from private school is strongest for this outcome and
because it is a critical degree in the United States and other developed
countries. However, table 5 reports small cream skimming effects for
other important outcomes. In the case of college enrollment 2 years
after graduation, p̂pðtÞ is 20.0007 with a lower bound of 20.0016 when
we use the X 0

g index restriction. For comparison, the mean of college
enrollment for public school students is 0.297. The point estimate im-
plies that the cream skimming effect of a voucher that induces one in
10 students to move would reduce the number of students who enroll
in college by only 20.0063. There is less evidence on the effects of pri-
vate schools on college attendance to compare this value to. It is small
relative to Altonji et al.’s ð2005Þ lower-bound estimate of the effect of

28 Column 5 reports the difference in the mean characteristics of public school stayers
and the mean of the characteristics of all public school students ðboth movers and stayersÞ

before the voucher. These changes are substantially larger than the change in the mean of
the peers of stayers reported in col. 4. This reflects the fact that the peers of stayers prior to
the voucher are less advantaged than the peers of movers. For example, themean of the log
of parental income of public school students declines by 0.041 while the change in the
mean of the peers of stayers is 20.025.

29 Similarly, when we use the X 0
b index restriction ð20Þ, the estimate of p̂pðtÞ in table 3 is

calculated as

p̂pðtÞ5
�

1
NP 0

o
i;P0

i 51

ŵðt; xiÞðX 0
i b2X

0
S2i
bÞ
�
d̂X 0

b

5 0:0234� ð20:0450Þ5 20:0011:

The first number comes from the second to last row of table 4, col. 4, and the second
number comes from panel B of table 2.
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Catholic school attendance on college enrollment using NELS:88 data
of 0.03. It is very small relative to the probit estimate of 0.124 for al
private schools in our sample treating private school choice as exoge

In this section, we add the student body quality index Z ðSi ; tÞ d to the

31 We continue to abstract from competition effects.

TABLE 5
Estimates of the Cream Skimming Effect ppðtÞ for Alternative

Outcome Variables

X 0
b Index X 0

g Index

College attendance 2.0003 2.0007
ð2.0018, .0013Þ ð2.0016, .0004Þ

12th-grade reading .0063 .0072
ð2.0203, .0365Þ ð2.0058, .0226ÞÞ

12th-grade math 2.0227 2.0068
ð2.0455, .0011Þ ð2.0173, .0035Þ

Log earnings 2.0006 .0020
ð2.0033, .0019Þ ð.0004, .0054Þ

Note.—This table is analogous to table 3 except that different out-
comes are considered. The outcomes are full-time enrollment in a 4-year
college in 1994, twelfth-grade reading and math scores ðstandard devia-
tion ≈ 10Þ, and the log of earnings in 1999 for those with positive earn-
ings. Numbers in parentheses are 95 percent confidence intervals.

298 journal of political economy
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nous conditional on a rich set of controls ðnot reportedÞ. With the 0.03
estimate, the net effect of the voucher program on the average col-
lege attendance rate for students who were in public school prior to the
voucher is ð0:032 0:0007 � 9Þ=105 0:0024.
The estimates of the cream skimming effect on the log of annual

earnings in 1999 ðwhen the sample is about 25 years oldÞ are also small.
The lower bound of the 95 percent confidence interval is actually pos-
itive in the case of the X 0

g index. In the case of twelfth-grade math test
scores, the most negative estimate is the lower bound of 20.046 using
the X 0

b index, which is only 20.0046 standard deviations of the test.30

V. Allowing Public School Choice to Depend on Student Body Quality
0

school choice model ð14Þ. The model for a universal voucher program
becomes31

P t

i 5 1ðX 0
i b1 Q 0

Si
bQ 1 JZ ðSi ; tÞ0d2 tðtÞ1 ui ≥ 0Þ: ð21Þ

Doing so dramatically complicates the analysis for a number of reasons.
The most important is thatZ ðSi ; 0Þ and its sample counterpart for i,ZS2i ,

30 We do not calculate the net effect of the voucher for test scores, but the evidence for a
positive direct effect of private school attendance is weaker than for high school graduation
rates. See Rouse and Barrow ð2009Þ for a brief review.



are not observed for students who choose private school. Consequently,
it must be simulated as part of the model estimation procedure. To
the best of our knowledge, we are the first to estimate a demand model

cream skimming effect of school choice 299
in which the choice of a consumer depends on characteristics of the
other agents who choose it, and the relevant agent characteristics are
observed only for those who choose the good. Our approach requires
data on a set of observables at the district level, WSi , that shift the mean
of the distribution of X 0

i b and Z 0
i d over all students in district Si, both

public and private. Our strategy is to specify the distributions of X 0
i b

and Z 0
i d conditional onWSi . These distributions, together with the school

choice model ð21Þ, provide a way to infer the average characteristics of
the students who choose the public school Si, which in turn determines
Z ðSi ; tÞ0d.32

We focus first on the case in which Z 0
i d5 dX 0

gX
0
i g. We start by ex-

pressing the values of X 0
i b and X 0

i g for students who are assigned to dis-
trict Si as

X 0
i b1 Q 0

Si
bQ 5 m1

Si
1 h1

i ; X 0
i g5 m2

Si
1 h2

i ;

where ðm1
s ; m

2
s Þ are the mean values for district s, ðh1

i ; h
2
i Þ is N ð0; ΣhÞ, and

we define jhj‘ to be the ð j, ,Þ element of Σh.
In this case, the above model implies that

X ðs; tÞ0g
5 EðX 0

i gjSi 5 s; P t

i 5 1Þ
5 m2

s 1 Eðh2
i jm1

s 1 h1
i 1 JdX 0

gEðX 0
i gjSi 5 s; P t

i 5 1Þ2 tðtÞ1 ui > 0Þ

5 m2
s 1

jh12ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
11 jh11

p l

�
m1
s 2 tðtÞ1 JdX 0

gEðX 0
i gjSi 5 s; P t

i 5 1Þffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
11 jh11

p �
;

ð22Þ
where l is the inverse Mills ratio. We solve ð22Þ numerically for EðX 0

i gj
Si 5 s; P t

i 5 1Þ. Multiple equilibria are possible because the demand for
public school depends on the choices of other students. Fortunately, this
has not been a problem in practice.

32 Bayer, Ferreira, and McMillan’s ð2007Þ model of housing and location demand is one

of the few studies in which characteristics of other agents influence consumer choice. They
have data on neighborhood characteristics for all consumers, which simplifies the analysis
substantially. On the other hand, they consider location choice as well as housing choice
and solve for equilibrium house prices, while we do not. Their model and estimation
methodology builds on Berry, Levinsohn, and Pakes ð1995Þ and is very different from ours.
Ferreyra ð2009, 2007Þ estimates an equilibrium model that allows for schoolmates to affect
choices using district-level data.
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The biggest issue in estimating this version of the model is that we
cannot simply run a probit of public school attendance on an estimate
of EðX 0

gjS 5 s; P t 5 1Þ because for the private school students we do

300 journal of political economy
i i i

not have any data on the peers they would have if they attended public
school. To identify the model, we use a further assumption that the dis-
trict means m1

s and m2
s differ across s and depend on the observed district-

level characteristics Ws through the equations

m1
s 5W 0

s a1 1 e1s ; ð23Þ

m2
s 5W 0

s a2 1 e2s ; ð24Þ

where ðe1s ; e2s Þ is N ð0; ΣeÞ. Some but not all of the elements ofWs may be
part of Qs and affect school quality vðs; tÞ and/or have a direct effect on
school choice. In this sense we are imposing some exclusion restrictions
on the Ws for identification purposes. Intuitively we first estimate the
relationship between Wsi and X 0

i g to learn about the relationship be-
tween Wsi and school composition ðcorrecting for selectionÞ. We then
look at the relationship betweenWsi and public school attendance ðcon-
ditional on XiÞ to identify the importance of school composition on pub-
lic school attendance.
The estimation procedure for the model parameters is complicated,

so we relegate the details to online appendix 3. Here is a rough descrip-
tion. We first estimate g from ð1Þ using OLS with public school fixed ef-
fects as before. We iterate on the following procedure. Taking values of
ða1, a2, Σh, ΣeÞ and the distribution of EðX 0

i gjSi 5 s; P t
i 5 1Þ conditional

on Wsi as given, we estimate b, bQ , and the product JdX 0
g by maximum

likelihood. In this step, identification of JdX 0
g comes from the variation

inWsi conditional on Xi. Given the estimates of b, bQ , g, and JdX 0
g, we use

OLS and ð23Þ and ð24Þ to estimate a1 and a2. We then estimate Σh andΣe

from the likelihood function for X 0
i b and X 0

i g treating a1, a2, b, bQ , and g

as known. Finally, taking a1, a2, b, bQ , J, Σh, and Σe as given, for each s
we update EðX 0

i gjSi 5 s; P t
i 5 1Þ as the fixed point of ð22Þ. We iterate on

these estimation steps until the model parameters converge.
In addition to QSi , the vector WSi consists of the average of the demo-

graphic characteristics for the zip code in which a student’s eighth-grade
school is located. The characteristics are based on the 1990 census and
consist of percent black, percent Hispanic, an indicator for whether per-
cent black is missing, median income, the percentage of the population
below the poverty line, and the percentage of the population with in-
come more than double the poverty line. The vector WSi explains an ad-
ditional 11.6 percent of the cross–high school variance in X 0

i b1 Q 0
si
bQ

and 14.6 percent of the cross–high school variance in X 0
i g conditional

on other area characteristicsQSi that we control for. The QSi variables in-
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clude census region, urbanicity, and distance from the nearest Catholic
high school.
The value of cJd 0 , the estimate of the effect of X

0
ĝ on the latent

cream skimming effect of school choice 301
X g

variable for public school choice, is 4.82 but ðborderlineÞ is not signifi-
cant, with a 90 percent confidence interval of ð21.30, 12.74Þ.33 What
does this estimate imply about the sensitivity of school choice to public
school quality? The value of cJdX 0

g implies that the student body effect of
a reduction of 0.1 in X

0
ĝ lowers the fraction of students who choose

public school from 0.899 to 0.816. ðThe simulated standard deviation of
X

0
ĝ for public high school students is 0.050.Þ34 The value of d̂X 0

g ð0.368Þ
implies that the student body effect of a reduction of 0.1 inX

0
ĝ lowers

the graduation rate by 0.0368. Thus, the estimates indicate that school
choice is fairly sensitive to school quality, or at least to the component of
school quality associated with student body composition.
Note, however, that families may have difficulty distinguishing differ-

ences in value added from differences in average school outcomes. They
may choose schools on the basis of average graduation rates rather than
school quality per se. If they focus on average outcomes, then the
coefficient on X

0
ĝ in the choice equation is an estimate of Jð11 d̂X 0

gÞ
rather than JdX 0

g.
35 Since the total effect on graduation rates of a

reduction of 0.1 in X
0
ĝ is the sum of the direct effect of 0.1 and the

student body effect of 0.368 � 0.1, the drop from 0.899 to 0.816 in the
fraction of students who choose public school should be interpreted as
the demand response to a difference of 0.1 1 0.0368 in the graduation
rate for the high school. However, this alternative interpretation of the
coefficient onX

0
ĝ does not change the estimate of the cream skimming

effect. ðSimilar remarks apply to the interpretation of the public school
coefficient onX

0
b̂ when we use the X 0

b index restriction on student body
effects.Þ Of course, it is possible that school composition affects the
demand for public schools through other aspects of preferences in
addition to the academic quality of the high school, as we mentioned
earlier in our discussion of Ferreyra ð2007Þ.
As it turns out, the point estimate of the cream skimming effect is

20.0014 ðpanel A of table 6Þ. This is very close to the base case results
with J set to zero.

33 The coefficients on the other variables in the choice equation are similar to those for
the base model reported in app. table A1 and similar to those in the X 0

b peer model that

allows student body quality to affect the school choice.

34 This reduction in the public school attendance probability is about the same amount
as the combined effect of 4-year reductions in both mother’s education and father’s ed-
ucation on the probability that a particular student attends public school.

35 This would be rational if colleges and firms judged students in part by the average
performance in the schools they attend or by their perception of average student body
quality.
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We also estimate the model with the restriction Z ðs; tÞd5 Q 0
sds 1

dX 0
bX ðs; tÞ0b1 vs imposed. This simplifies the estimation procedure be-

cause we no longer have to model the distribution of X 0
bjW separately

TABLE 6
Estimates of the Cream Skimming Effect ppðtÞ When Student Body

Quality Affects Choice and When Unobserved Student Body

Characteristics Affect School Quality

X 0
b Index X 0

g Index

A. Student body quality affects school choice: J ≠ 0:
X 0
g index NA 2.0014

ð2.0025, 2.0002Þ
X 0
b index 2.0011 NA

ð2.0027, .0000Þ
B. Unobserved student body characteristics affect

school quality:
g 5 1 .0006 2.0002

ð2.0003, .0016Þ ð2.0005, .0001Þ
g 5 .5 .0005 2.0001

ð2.0002, .0012Þ ð2.0004, .0001Þ
g 5 1.5 .0008 2.0003

ð2.0003, .0019Þ ð2.0007, .0002Þ
Note.—Panel A of the table reports estimates of ppðtÞ using the school choice model

with student body effects on demand ðJ ≠ 0Þ to estimate wðt; xiÞ. The two columns, labeled
X 0
b and X 0

g, use ð20Þ and ð16Þ, respectively, as the specification for the effect of student
body characteristics on school quality. The column labels also indicate which student body
quality index is used in the school choice model. The cream skimming formulas are in
app. 3. The estimates in panel B allow for fixed unobserved school characteristics that do
not respond to the voucher program to influence choice and school outcomes. They also
allow unobserved student body characteristics to influence school quality as specified in
ð26Þ. The parameter g is assigned the values indicated in the row labels. See panel C of
table 2. The cream skimming formulas and details of the estimation can be found in app. 4.
Numbers in parentheses are 95 percent confidence intervals.

302 journal of political economy
i s

from the distribution of X 0
i gjWs. Under the assumptions of the model

in the X 0
b index case, the coefficient onX ðs; tÞ0b in the school choice

model is JdX 0
b. The estimate is 20.52 and the 90 percent confidence in-

terval is ð20.96, 0.05Þ. The point estimate implies that a small increase
in the student body average X

0
b lowers the probability that student i

will attend public school by about 52 percent as much as an equivalent
increase in X 0

i b raises the attendance probability for i. Consider an in-
crease inX

0
b̂ of 0.946. The estimate of dX 0

b implies that such an increase
would lower the graduation rate by 0.0368, which is the drop associated
with a 0.10 decline in X

0
ĝ that we considered when discussing the X 0

g

index case above.36 The estimates of JdX 0
b imply that an increase inX

0
b̂

of 0.946 induces a decline in the public school attendance rate from
0.899 to 0.814. Thus the effect is very similar to the X 0

g model.

36 Table 2 reports that d̂X 0
b is 20.0389, which is close to the estimate of dX 0

b in the base
case model with J5 0. An increase inX

0
b̂ of 0.946 lowers the graduation probability by

0.946 � 0.0389 5 0.0368 5 0.368 � 0.1, where from table 2 we also see that d̂X 0
g 5 0:368.
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The point estimate of the cream skimming effect is 20.0011 ðrow 2 of
table 6Þ. This is also very close to the base case result for the X 0

b index
specification with J set to zero.

cream skimming effect of school choice 303
We conclude that student body composition influences school choice
but that accounting for this does not have much of an effect on the size
of the cream skimming effect. To see how these two results can be rec-
onciled, note first that students on the margin of attending are the most
likely to be affected by a voucher, at least in the case of a small voucher.
We have already shown that the students who leave are advantaged rel-
ative to those who stay. The influence of peers on demand serves as a
multiplier for the demand response to the voucher. The size of the mul-
tiplier will influence the fraction of students who move as a result of a
voucher of a given size. However, it does not change the mix of students
whomove by very much. If one were to allow for interactions between peer
characteristics and a student’s own characteristics in the school choice
model, accounting for student body effects in the school choice model
might make a bigger difference. For example, if the highest-performing
students from the richest families are the most sensitive to student body
composition, student body effects would be larger. We leave this poten-
tially important but difficult extension to future research.
Given that our basic results are not sensitive to allowing peer char-

acteristics to influence school choice and given the complexity of al-
lowing for them, we set J to zero in what follows.

VI. Unobservable Student Body Effects and Fixed Unobservable
School Characteristics
Thus far, we have estimated the student body effects that operate
through covariates that are observable to the econometrician. If student
body effects also involve unobservables, we might understate the true
effects. Here and in online appendix 4, we present a methodology for
estimating the cream skimming effect in the presence of unobservable
student body effects on outcomes and unobservable school character-
istics that influence school choice but do not depend on the voucher.
Unfortunately, we do not have “instruments” to identify the coefficient
governing the effect of the unobservable student body characteristics,
which makes estimation very difficult. Consequently, we estimate our
model under a wide range of assumptions about the coefficient govern-
ing the effect of the unobservables and show that the finding of a small
cream skimming effect is robust.
Define

�uðs; tÞ5 Eðui jSi 5 s; P t

i 5 1Þ;
�εðs; tÞ5 Eðεi jSi 5 s; P t

i 5 1Þ;
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where, as a reminder, ui is the error term in the selection equation ð14Þ,
εi is the student-specific error term in the outcome equation ð1Þ, and
�uðs; tÞ and �εðs; tÞ are the means of u and ε among students assigned to

304 journal of political economy
i i

school s who attend public school when the voucher program is t. In
what follows, write the student body effect Z ðs; tÞ0d on the school out-
come as

Z ðs; tÞ0d5X ðs; tÞ0dx 1 du�uðs; tÞ1 dε�εðs; tÞ:

Our results up to this point imposed that du 5 dε 5 0 because we assumed
that only observable student characteristics influence the outcomes of
other students, so that Z ðs; tÞ0d5X s; tð Þ0dx . For example, in the X 0

g

index specification ð16Þ, we restricted dx 5 dX 0
gg and du 5 dε 5 0. We now

generalize that case to allow the student body effectZ ðs; tÞ0d to also de-
pend on the school mean of the unobservable student outcome deter-
minant εi . The extension is

Z ðs; tÞ0d5 dX 0
g½X ðs; tÞ0g1 g�εðs; tÞ�: ð25Þ

Conditional on g, which is identified from the fixed-effect outcome
equation, g is identified under our functional form assumptions. How-
ever, we do not rely on the functional form assumptions and instead
produce results for the values g 5 0.5, g 5 1, and g 5 1.5.
We also generalize the X 0

b index version of the model to allow stu-
dent body effects to depend on both observed and unobserved student
characteristics that affect school choice, with

Z ðs; tÞ0d5 Q 0
sds 1 dX 0

b½X ðs; tÞ0b1 Q 0
sbQ 1 g �uðs; tÞ�1 vs ; ð26Þ

where, as in the base model, vs is independent of Qs and the determi-
nants of Xi and ui. In appendix 2 we justify ð26Þ by showing that up to a
first-order approximation, observed and unobserved student body char-
acteristics matter for cream skimming only to the extent that they de-
pend onX ðs; tÞ0b and �uðs; tÞ.
Estimation of the X 0

g index and X 0
b index versions of the model with

unobservable student body effects is very similar, so we present the es-
timation framework for both models. The procedure is simpler in the
case of the X 0

b index version ð26Þ because one does not have to estimate
any of the determinants of X 0

i g.
To proceed, we first must define some new notation. As in the previ-

ous section, we decompose X 0
i b1 Q 0

Si
bQ and X 0

i g into

X 0
i b1 Q 0

Si
bQ 5 m1

Si
1 h1

i ; X 0
i g5 m2

Si
1 h2

i ;
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where s is the school level and i is the individual level. Analogously, de-
compose ui and εi as

cream skimming effect of school choice 305
ui 5 v1
Si
1 q1

i ; εi 5 v2
Si
1 q2

i ;

where v1
Si
and v2

Si
are the means for district Si and q1

i and q2
i are the

student-specific idiosyncratic components. The larger the variance of v1
Si

and v2
Si
, the more important the differences across districts in unob-

served characteristics that affect school choice and outcomes.
We assume that the vectors ðh1

i ; h
2
i Þ and ðq1

i ; q
2
i Þ are uncorrelated but

jointly normal.37

Let Σm, Σv, Σh, and Σq be the 2 � 2 variance covariance matrices of ðm1
s ,

m2
s Þ, ðv1

s , v
2
s Þ, ðh1

i , h
2
i Þ, and ðq1

i , q
2
i Þ, respectively. We refer to the ð j, ,Þ el-

ement of Σh and Σq as jhj‘ and jqj‘. We use an “observables are like the
unobservables” assumption that states that there is a single scalar a such
that

Σv 5 aΣm

and

jq11 jq12

jq12 jq22

� �
5 a

jh11 jh12

jh12 0

� �
1

0 0
0 jq22

� �
:

Since jq22 does not play a role in the analysis, we do not need to restrict it.
The covariance restrictions impose that the relative variances and the co-
variance of the unobservable cross-district components affecting school
choice and the outcome are the same as those of the observable compo-
nents. The same is true of the student-specific error components, with the
exception of jq22, which is not relevant in our approach.
Appendix 4 discusses estimation of the model parameters. We obtain

b from a standard probit model for public school choice. We obtain g

using fixed-effects regression on the public school sample, correcting for
sample selection by including the inverse Mills ratio term for public
school choice in the regression. Estimation of the other model parame-
ters, including dX 0

b, Σm, and Σh, is complicated, so we leave the discussion
to appendix 4.
We now provide an expression for the cream skimming effect under

ð26Þ ðthe X 0
b indexÞ. As in Section IV, we consider the change from no

37 The assumption of zero correlation between ðq1
i ; q

2
i Þ and ðh1

i ; h
2
i Þ is natural given that

they are the student-specific components of ðX 0
i b; X

0
i gÞ and ðui ; εiÞ, respectively, and ui and

ε are orthogonal to X . Note that the terms ðm1; m2Þ may depend on W through ð23Þ and
i i s s s

ð24Þ, in which case we assume further that ðW 0
s a1; W

0
s a2Þ is jointly normal. However, we do

not need to incorporate Ws and estimation of a1 and a2 into the analysis in this section.
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vouchers ðtið0Þ 5 0Þ to universal vouchers ðtiðtÞ5 tÞ. The cream skim-
ming effect of the new voucher program on those who remain in a pub-
lic school from a school district with characteristics m1, v1 is

306 journal of political economy
s s

ppðt; m1
s ; v

1
s Þ

5 dX 0
bEðX 0

i b1 Q 0
sbQ 1 gui jSi 5 s; P t

i 5 1Þ
2 dX 0

bEðX 0
i b1 Q 0

sbQ 1 gui jSi 5 s; P 0
i 5 1Þ

5 dX 0
b½fm1

s 1 gv1
s 1 Eðh1

i 1 gq1
i jSi 5 s; P t

i 5 1Þg

2 fm1
s 1 gv1

s 1 Eðh1
i 1 gq1

i jSi 5 s; P 0
i 5 1Þg�

5 dX 0
b

jh11 1 gjq11ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
jh11 1 jq11

p
�
l

�
m1
s 1 v1

s 2 tffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
jh11 1 jq11

p
�
2 l

�
m1
s 1 v1

sffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
jh11 1 jq11

p
��

:

ð27Þ

Note that term m1
s 1 gv1

s drops out of the difference in conditional ex-
pectations because m1

s and v1
s are school district specific rather than stu-

dent specific. Consequently, they are not affected by the voucher. How-
ever, m1

s and v1
s do influence the set of students who choose public school

both before and after the voucher.38

When the student body effect is proportional to the expectation of the
outcome index X 0

i g1 g εi conditional on public school attendance, the
cream skimming effect for school s is

ppðt; m1
s ; v

1
s Þ5 dX 0

g

jh12 1 gjq12ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
jh11 1 jq11

p
�
l

�
m1
s 1 v1

s 2 tffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
jh11 1 jq11

p
�

2 l

�
m1
s 1 v1

sffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
jh11 1 jq11

p
��

:

ð28Þ

To use ð27Þ or ð28Þ to estimate cream skimming effects, we have to ad-
dress the fact that we do not observe ðm1

s ; v
1
s Þ, which are arguments of

cream skimming effect functions for each school. We use Bayes’s rule to
infer the conditional distribution of ðm1

s ; v
1
s Þ given the characteristics of

the other students who choose the public school, with selection taken
into account. We then integrate ðm1

s ; v
1
s Þ out and identify the average of

38 For example, unobservables such as the skill of a district in marketing the public high
school, the safety of the neighborhood immediately surrounding the high school, the
attractiveness of the buildings, the characteristics of the local private school options, as well

as the district mean of unobserved family characteristics that influence school choice are
all determinants of v1

s , the district average of ui. These are not directly influenced by the
voucher, and our analysis takes this fact into account. However, the fact that most of the
elements of Xi are student level might lead one to question the “unobservables are like
the observables” restriction. One could explore sensitivity of the results to allowing the
proportionality factor a to differ in the two covariance matrix restrictions, but we have not
done so.
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ppðt; m1
s ; v

1
s Þ over the distribution of ðm1

s ; v
1
s Þ of those who stay in public

school. The details are in appendix 4.
The results are as follows. In table 2, the student body effect parameter
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d̂X 0
b is 0.0170 when g5 0.5, 0.0161 when g5 1, and 0.0146 when g5 1.5,

which is the opposite sign of the base model, though none of these are
statistically significant. The estimates of dX 0

g are 0.0325 when g 5 0.5,
0.0331 when g 5 1, and 0.0338 when g 5 1.5, which are substantially
lower and more precise than the point estimate of 0.3680 for dX 0

g in the
base model with g 5 0.39

The estimates of the cream skimming effect are in panel B of table 6.
Regardless of the assumption about g, the estimates are slightly posi-
tive when we use the X 0

b index model. The estimates for the X 0
g model

are about 20.0002. All the estimates are close to zero and precisely
estimated.
Given the complexity of allowing school choice to depend on the

choices of other students and to allow for unobservable student body
effects and given the evidence that accounting for these features makes
little difference, we do not allow for them in the rest of the paper.

VII. Alternative Assumptions about School Choice and about
the Effects of Student Body on Outcomes
In the next two subsections we experiment with alternative specifica-
tions of the school choice model and the outcome model.

A. Alternative School Choice Models
1. Treating Catholic and Non-Catholic Private Schools

as Distinct Options

Since preferences over Catholic and non-Catholic schools are likely to
differ, we explore the sensitivity to treating them as distinct choices. The
first row of table 7 reports estimates of the cream skimming effect using
a nested logit specification. Catholic and non-Catholic private schools
are in one nest and public school is in the other. Distinguishing private
school type makes very little difference.40

39 Taken at face value, these results suggest that the unobserved student body charac-
teristic �εðs; 0Þ matters less for school quality than the observed characteristics. The ob-

served variables do contain many that one might think would be important, including
mily income, parental education, eighth-grade test scores, and eighth-grade measures of
ehavior. However, we would not want to make toomuch of this given that the lower bound
f the 95 percent confidence interval for dX 0

g in the base case is 0.0307. The estimation
ethodology in the current section is also very different.
40 In the case of specification ð20Þ, we use the index of coefficients that determine
hether public school is chosen over the two alternatives. We also tried a trinomial probit
fa
b
o
m

w
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TABLE 7
Estimates of the Cream Skimming Effect ppðtÞ on Public School Stayers:

Alternative School Demand Models

X 0
b Index X 0

g Index

ested logit with Catholic and non-Catholic
private schools 2.0012 2.0015

ð2.0029, .0004Þ ð2.0024, 2.0002Þ
lternative assumptions about utility function:
Utility function parameter z 5 :01 2.0010 2.0014

ð2.0024, .0002Þ ð2.0022, 2.0001Þ
Utility function parameter z 5 :5 2.0006 2.0008

ð2.0016, .0001Þ ð2.0016, 2.0000Þ
Log utility function z 5 1 2.0001 2.0002

ð2.0007, .0001Þ ð2.0007, .0003Þ
Note.—The first row reports estimates of ppðtÞ based on a nested logit school choice
ecification that places the public school in one nest and the Catholic and non-Catholic
hool options in the other. The bottom rows allow for nonlinear utility of consumption
sing the choice model ð29Þ for the values of z in the table. The columns, labeled X 0

b and
0
g, use ð20Þ and ð16Þ, respectively, as the specification for the effect of student body char-

cteristics on school quality. Numbers in parentheses are 95 percent confidence intervals.

308 journal of political economy
N

A

sp
sc
u
X
a

2. Allowing for Nonlinear Utility of Consumption

Here we modify the probit specification to allow for a more general spec-

ification of private school preferences. Assume that parents’ preferences
are separable in consumption and the gain from attending public school.
Let c12z=ð12 zÞ be the contribution of consumption c to utility and let
V P
i ðtÞ be the utility value the parents of student i place on public school

relative to the best private school alternative, holding c constant. We
allow these tastes to depend on t, potentially through school composi-
tion effects at the public school or other factors. Let t0 denote private
school tuition and tðtÞ be the voucher program t. Then the parents
choose ci and P t

i to maximize

ac
c12z
i

12 z
1 V P

i ðtÞP t

i

subject to

ci 1 ½t 0 2 tðtÞ�ð12 P t

i Þ ≤ Ii :

version of the base specification of the choice model. The point estimates ppðtÞ are gen-
erally consistent with the results that we obtained using a binomial choice model for the
cases that we considered. However, we experienced numerical difficulties in estimating the

trinomial choice model, which precluded the use of bootstrap methods to compute con-
fidence intervals. The model with unobservable student body effects and unobserved
school choice components that are specific to s and the model in which student body
quality influences demand both generalize to the trinomial case in a natural way. However,
we have not estimated the trinomial versions for computational reasons.
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Using the budget constraint and the objective function, parents choose
public school if

cream skimming effect of school choice 309
ac

�
I 12z
i

12 z
2

fIi 2 ½t 0 2 tðtÞ�g12z

12 z

�
1 V P

i ðtÞ ≥ 0:

We parameterize the taste for public school relative to private school
as

V P
i ðtÞ5 X 0

i b1 Q 0
Si
bQ 1 ui :

Since this is a static problem, one should not think of z as the inter-
temporal elasticity of consumption. Here it dictates the magnitude of
the income effect on private schools. When z 5 0, there is no income
effect; but the larger z is, the larger the income effect becomes.
Thus parents send their kids to public school ðP t

i 5 1Þ if

ac

�
I 12z
i

12 z
2

fIi 2 ½t 0 2 tðtÞ�g12z

12 z

�
1 X 0

i b1 Q 0
Si
bQ 1 ui ≥ 0: ð29Þ

Note that when z 5 0, this reduces to

ac ½t 0 2 tðtÞ�1 X 0
i b1 Q 0

Si
bQ 1 ui ≥ 0:

Since act 0 does not vary across individuals, it can be incorporated into
the intercept. The parameter ac in front of tðtÞ makes it clear why we
cannot identify the dollar level of tuition in the probit model.
We use the linear utility case ðz 5 0Þ as the base case in Section IV for

three reasons.41 First, it is convenient because we do not need to worry
about t0. Second, we experimented with estimation of z using variation
in Ii as the source of identification and find that a value very close to
zero fits the data best.42 Third, allowing z > 0 would, if anything, rein-
force our conclusion that the cream skimming effect is small. Why? In
general, as z increases, the effect of the voucher on school choice is
more sensitive to income. As it becomes more and more sensitive to in-

41 We do include log income in the base model as a control variable to account for
correlation between taste for private schooling and income. Epple et al. ð2004Þ provide
evidence that when one controls for private school fixed effects, higher-income families

pay higher tuition net of aid. Consequently, the income coefficient may also be picking up
price variation.

42 Very strong assumptions are required. Dynarski, Gruber, and Li ð2009Þ use tuition
discounts for number of children to estimate the price elasticity of demand for Catholic
primary schools. Their results also suggest that lower–socioeconomic status families are
more responsive to the tuition. This supports our conclusion that the use of linear utility in
the base model tends to overestimate the cream skimming effect.
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come, the composition of peers leaving the school shifts toward low-
income students. Since low-income students tend to be disadvantaged in
many dimensions, this should tend to reduce cream skimming. Thus, by

310 journal of political economy
focusing on the linear case ðz 5 0Þ, we estimate the upper bounds of the
effect—something we verify in this section.
The key difference between ð29Þ and the base case probit specifica-

tion is the interaction between the subsidy and income. In the base case
model, log family income enters Xi as a regressor, but it does not interact
with the subsidy any more than any other variable. In the more general
model, the derivative of the utility of public relative to private school with
respect to the subsidy ði.e., the left-hand side of eq. ½29�Þ is

2 acfIi 2 ½t 0 2 tðtÞ�g2z ;

which is negative and larger in absolute value for lower-income indi-
viduals when z > 0. The expanded model captures the idea that lower-
income families are more price sensitive than high-income families.
We test the sensitivity of the results to alternative values of z . To reduce

the influence of very low reports of family income, we assume that the
government provides an income floor and set Ii to the maximum of re-
ported family income ðin 1988 dollarsÞ and $10,000. This compares to
the 10th percentile value of $8,750 for cases that provide income infor-
mation.We set t0 to $4,000, which is very close to the average value ofmax-
imum tuition reported by the high schools attended by private school
students in NELS.43 As above, when we estimate themodel, we set tð0Þ5 0
and we set tðtÞ to a value that is sufficient to induce 10 percent of the
public school students to switch to private schools.
Table 7 reports values of pðtÞ for the case z 5 0:01, which is essentially

linear utility, for z 5 0:5 and for z 5 1, which is log utility.44 The most
negative values are obtained when z 5 0:01, but the values are virtually
identical to what we obtain in our base specification, which simply in-
cludes the log of family income as a control. In the log utility case, there

43 Schools also report the fraction of students who receive aid and the percentage of
students who receive financial aid or scholarship support. One can obtain a lower bound

on net tuition by multiplying the maximum tuition figure by one minus the fraction who
receive aid or scholarship support. The mean of this net tuition bound is $2,804. We did
not attempt to use the private school tuition data to estimate z and ac because private
school tuition is not available for those who choose public school and because the tuition
level may be related to quality.

44 Note that z is identified by the utility specification and variation in Ii. Income is an
important determinant of school choice in the sense that the likelihood of the probit
model is considerably higher at the MLE value of z 5 0:001 than when z is set to zero. We
used z 5 0:01 as the lowest value we consider in table 7 rather than the MLE value for two
reasons. The first is the computational difficulty of bootstrapping while estimating z . The
second is that the estimates of the cream skimming effect are essentially the same whether
we use z 5 0:001 or z 5 0:01, as one might expect.
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is essentially no cream skimming. As mentioned above, this is not sur-
prising. To see the intuition, note that the larger z is, the more rapidly
the marginal utility of consumption is decreasing. The tuition subsidy

cream skimming effect of school choice 311
will be worth less to richer families in utility terms. Consequently, higher
values of z have the effect of lowering wðt; xiÞ for poorer families relative
to richer families, leading to less cream skimming. Thus, the restriction
z 5 0 in the base case would appear to overstate the negative impact of
cream skimming.

3. Cream Skimming with Migration and Political Economy Effects

We have treated location choice as exogenous and have assumed away
migration effects. These are prominent in several of the papers men-
tioned in the introduction that analyze voucher programs using cali-
brated general equilibriummodels. Allowing for migration effects would
be a very interesting and important extension to our approach. In the ex-
tended framework, parents would simultaneously choose a school district
from the set in the region and decide whether to attend public school.
They may respond to a voucher program by changing location and/or by
switching between the private and public school sectors, as in Epple and
Romano ð1998Þ, Nechyba ð1999, 2000Þ, and Ferreyra ð2007Þ. Conse-
quently, both Si and Pi depend on t.
While we do not explicitly estimate a model of migration choice, we

discuss how our methodology could be extended to such a setting. De-
noting S t

i and S0
i as the district choice with and without the voucher

program t, the cream skimming effect is

ppðtÞ; ½EðZ ðS t

i ; tÞjP t

i 5 P 0
i 5 1Þ2 EðZ ðS0

i ; 0ÞjP t

i 5 P 0
i 5 1Þ�0d: ð30Þ

A complication is that P 0
i and S0

i are observed, but P
t
i and S t

i are not. It is
trivial to show that our argument in Section II.C extends to this case.
One can take every equation in that section and replace Z ðSi ; 0Þ with
Z ðS0

i ; 0Þ andZ ðSi ; tÞ withZ ðS t
i ; tÞ and the arguments go through exactly.

That is, with location choice,

ppðtÞ5 Eðwðt; xiÞ½Z ðS t

i ; tÞ2Z ðSi ; 0Þ�0djP 0
i 5 1Þ:

Calculating Z ðS t
i ; tÞ and wðt; xiÞ would presumably be much harder as

the model is more complicated, but the formula still holds.
Furthermore, if monotonicity holds and we observe a subsample of

individuals at a school, we can continue to use

ppðtÞ5 Eðwðt; xiÞ½Zi 2ZS2i �0djP 0
i 5 1Þ:

In this case only wðt; xiÞ is more complicated to estimate. ðBy monoto-
nicity we continue to mean that P t

i 5 1 if P 0
i 5 1.Þ
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Extending the empirical analysis to endogenize location would be a
major undertaking. We leave it for future research.45 Would endogeniz-
ing location choice change our conclusions about the cream skimming

312 journal of political economy
effect? Any consideration of this issue is necessarily speculative in the ab-
sence of the extendedmodel. However, there is reason to believe that our
finding that the cream skimming effect is small is likely to hold, at least
for a voucher that induces only a modest fraction of students to leave
public school. Consider the monotonicity case above. Under monoto-
nicity, all that would be different from our current model in terms of
determining the size of the cream skimming effect is wðt; xiÞ. Recall that
the cream skimming effect depends on the composition of students
who are induced to attend private schools by the expansion of vouchers.
In particular, it does not matter where those people lived prior to the
reform, where they lived after the reform, or where any public school
stayers move in response to the reform. We see no ex ante reason to ex-
pect that adding migration to the model would lead the take-up of the
voucher program to depend much more strongly on student character-
istics that have large spillovers. Of course monotonicity likely does not
hold exactly, and this result depends on our linear-in-expectations as-
sumption about peer effects, but it seems unlikely to us that relaxing
these restrictions would fundamentally alter the basic findings.
To be more specific, consider a district-level voucher program. Pre-

sumably when a district introduces a voucher program, the first-order ef-
fect of migration will involve families moving into the district to take ad-
vantage of the voucher and send their children to private school. While
this first-order effect could influence the finances of the district or have a
competition effect on the behavior of public schools, it will not directly
change the composition of the public school students in the district.
However, by increasing the demand for housing in the district, it could
lead some public school families to leave the district. Presumably these
would be lower-income families, which would reduce cream skimming
and strengthen the case that the cream skimming effect is small. On the
other hand, Nechyba’s ð2000Þ analysis suggests that if the voucher is tar-
geted to a low-income district with heterogeneous housing, the fami-
lies moving into that district would choose the higher-income neighbor-

45 The first complication is that the school choice function ðS t
i Þ involves school district

characteristics, and school district choice is endogenous. The distribution of district

characteristics within a region would affect both district choice and the public/private
decision. As a starting point for the analysis, one might assume that school choice and
district choice depend only on observed characteristics of the student, the district, and the
districts in each region. The second complication is that the school choice model under-
lying the w function would be quite complex. One could start with ð14Þ as the net utility
gain from attending public school rather than private school conditional on residence in Si
and combine it with a specification for the utility of choosing district Si and attending
public school. Allowing both the choice of district and the choice of public school con-
ditional on district would substantially complicate the analysis in Sec. V.
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hoods, crowding out families with incomes that are high relative to the
district. This would boost the cream skimming effect.
Migration effects also involve people moving into or out of the district
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in response to changes in public school quality. The change in public
school quality is ambiguous. Competition effects would make public
schools better, cream skimming would probably make them worse, and
financial considerations could work in either direction. If the schools im-
proved, presumably the parents who move in would be of higher socio-
economic background, which wouldmitigate the cream skimming effect.
If public schools became worse, presumably some students might leave,
but withmigration there are two places to go. Either families could switch
school districts and send their child to a different public school or they
could take advantage of the new voucher system and send their child to
private school. We suspect that the second avenue would be more popu-
lar. However, movement from public school to private school is not mi-
gration: it is the source of the effect that we are trying to estimate.
Much of the same logic applies to a state-level or national voucher

program that is universal. Although the voucher could be used in any
district, families with students in public school prior to the voucher would
presumably be more likely to stay in the district and move to a private
school than to leave the district and move to a private school. Nechyba’s
ð2000Þ analysis does suggest strongly that the fraction of families who
respond to a voucher of a given size is larger with migration, but it is less
clear that migration alters the relative response of families with favorable
peer characteristics. The relative response is crucial in determining the
size of the cream skimming effect.
Of course, if the national voucher program fundamentally changed

the way public schooling is provided and financed, one should be very
cautious about what the migration effects might be. Consequently, we
cannot rule out a large cream skimming effect for a voucher program
that is big enough to induce a large fraction of public school students to
change sectors.

B. Alternative School Composition Models
In our base case we assume that student body characteristics influence

high school graduation through either the X 0

g or the X 0
b index. In this

subsection we explore the sensitivity to allowing these effects to operate
through more specific channels. Discussions of cream skimming often
give special emphasis to negative consequences of isolation within pub-
lic schools of children from low-income families or racial minorities. The
top row of table 8 reports results based on estimation of ð2Þ restricting Zi

to consist only of average family income. This specification will tend to
maximize the estimated impact of average family income on school out-
comes. We obtain 20.0011, which is similar to our base case estimates.
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he next row of table 8 is based on restricting Zi to consist of only the
raction African American. For this specification the estimate of the cream
kimming effect is essentially zero. Note that from table 4, for public

TABLE 8
Estimates of the Cream Skimming Effect ppðtÞ of Vouchers on Public School

Stayers under Alternative Assumptions about the Effects

of Student Body Composition on School Quality

ssumption about How School Composition Affects School Quality Estimate

omposition effects operate only through family income 2.0011
ð2.0027, .0007Þ

omposition effects operate only through African American 2.0002
ð2.0005, .0001Þ

omposition effects operate only through X 0
b test score index 2.0005

ð2.0018, .0005Þ
omposition effects operate only through X 0

g test score index 2.0008
ð2.0015, .0001Þ

omposition effects operate only through father’s education 2.0008
ð2.0021, .0000Þ

Note.—The table reports estimates of ppðtÞ using the base case school choice model to
stimate wðt; xiÞ and the assumption about student body effect Z 0

d indicated in the row.
the case of test scores in row 3, the test score coefficients from the school choice model

re used to form the test score index. In row 4 the elements of g corresponding to the test
ores are used to form the index. Numbers in parentheses are 95 percent confidence
tervals.
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school stayers, the fraction of peers who are African American increases
by only 0.0035.46

The next two rows of the table report estimates under the assumption
that student body effects are a linear combination of average test scores.
In the X 0

b index row, we use test score coefficients from the school
choice equation to form the index. In the X 0

g index row, the test score
coefficients are from the outcome equation. Both of the estimates of p
are closer to zero than the base case. Finally, in the last row, student body
effects operate only through father’s education. The estimate of the
cream skimming effect is only 20.0008.

VIII. Alternative Voucher Programs
To this point we have focused on simulating the effects of universal

vouchers. We did so in part because we believe that cream skimming
effects would be largest in universal programs. However, most of the
voucher programs in the United States are targeted to either low-income
students or students from low-performing schools. They are also more
common in urban areas. In this section we discuss some alternative
voucher programs.

46 This number is small in part because most white public school students have few
African American schoolmates. The average number of black peers is 0.07 for whites while
it is 0.49 for blacks.
This content downloaded from 
�������������144.92.38.235 on Fri, 01 May 2020 18:06:14 UTC������������� 

All use subject to https://about.jstor.org/terms



A. A Voucher That Draws 30 Percent of Public School Students

Our base case model draws 10 percent of students from public schools.
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We consider a program three times as large. The cream skimming effect
for this program is 20.0039, roughly triple the value for the 10 percent
program ðtable 9Þ. In thinking about the overall cost-benefit analysis, we
get a similar overall effect. In our base case, for every one student who
leaves, nine receive the cream skimming effect. Under the 30 percent
program, for every student who moves, 7=35 2:33 receive the cream
skimming effect. So in this case, for each student who moves to private
school, the overall graduation rate for students who were in public
school prior to the voucher rises by 0.06 2 0.0039 � 2.33 5 0.051. This
value is slightly higher than the estimate of 0.048 that we find in the base
case. However, one should be very cautious about extrapolating our re-
sults to such a large program because changes in location decisions and
large-scale entry of private schools might change the nature of demand.

B. Programs Targeted to Urban Students or to Low-Income Students
We consider the cream skimming effect of vouchers targeted to urban

families after reestimating our base model on the urban sample.47 The
point estimates of the change in peer characteristics of stayers under an
urban voucher program are somewhat higher: 20.0022 for both cases
ðtable 9, row 2Þ. However, the estimates are noisy for the X 0

b index case,
with a lower-bound estimate of 20.0057, which is substantial.
Next we consider a program that limits eligibility to families whose in-

comes are in the lowest 20 percent of our sample. For this case we do not
reestimate the model but use our base case, and we again calculate the
value of the voucher that would induce 10 percent of the eligible popu-
lation to move to private school. The results are qualitatively similar to
those for a universal voucher program in the sense that effects are small.
However, because of the targeting, the peers of stayers become slightly
more advantaged as a result of the voucher. For this reason, the point
estimate of the cream skimming effect for the X 0

g index is only 0.0001.48

47 We reestimate for this sample for two reasons. First, we can do it easily. Since everyone

in urban schools has peers in urban schools, we can easily condition on it. Second, one
might expect selection into private school to be different in urban areas than in other
environments.

48 It is important to emphasize that we are estimating the effects on the full population of
public school stayers of a voucher that moves 10 percent of the eligible population. This is
only 2 percent of the full population. In this case, if one wishes to compare the private gain
in the high school graduation rate of those who take up the voucher to the losses of those
who stay behind, one should multiply the cream skimming effect by 49 rather than the
value of 9 that we used previously. However, given the small positive point estimate, even
after taking this product, one is left with a small number, and it is positive rather than
negative. One would like to know the effect of the targeted voucher on the targeted
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Programs that target all students in low-income school districts regard-
ss of income would have a different selection effect. We investigate
his by reestimating the base models on the subsample of schools in zip

TABLE 9
The Cream Skimming Effect ppðtÞ of Alternative Voucher Progams

on Public Schools Stayers

X 0
b Index X 0

g Index

0% of public school students move 2.0032 2.0039
ð2.0077, .0006Þ ð2.0066, 2.0004Þ

ouchers targeted to urban districts 2.0022 2.0022
ð2.0057, .0003Þ ð2.0040, .0007Þ

ouchers targeted to low-income families .0003 .0001
ð2.0000, .0006Þ ð2.0001, .0005Þ

ouchers targeted to low-income neighborhoods 2.0018 2.0013
ð2.0100, .0051Þ ð2.0045, .0039Þ

alibrated to Milwaukee .0016 .0009
ð2.0017, .0056Þ ð2.0005, .0026Þ

Note.—See the text for details. Numbers in parentheses are 95 percent confidence
tervals.
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codes with poverty rates above 16 percent, which is about 25 percent of
the full sample.When student body effects depend on the outcome index
X 0
g, the point estimate is very close to the base case ð20.0013Þ, but the

confidence interval is considerably wider. When student body effects
depend on the school choice index X 0

b, the point estimate is 20.0018
but is imprecise.49

C. The Milwaukee Parental Choice Voucher Program
We also loosely consider a voucher program modeled on the initial

implementation of the publicly funded Milwaukee Parental Choice
Voucher Program. That program restricted eligibility to students from
households with income less than or equal to 1.75 times the poverty line
who were not already in private school. The data are not rich enough to
estimate all aspects of our model ðin particular, dÞ, but we can use it as an
example of how one could use evidence from a specific voucher pro-
gram to form wðt; xiÞ.
We do this by estimating a school choice model with data from the

Milwaukee voucher experience in the early 1990s. For details, see Witte
ð1992Þ, Witte and Thorn ð1995Þ, and online appendix 1. The data set

population. Unfortunately, it is not straightforward to use our approach to estimate the
impact on members of the targeted subgroup, such as low-income students, who remain in
public schools unless there is no heterogeneity in the targeted group within schools or the
49 See table 9, row 4. The estimates are somewhat sensitive to the poverty rate cutoff we
choose, which is to be expected given the sampling error.

samples of students from each public high school are large.
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consists of information on those who took up the voucher and a control
sample. We restrict ourselves to the set of covariates that are similar in
both the Milwaukee data sets and the NELS:88. This leaves us with Cath-
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olic, gender, race, a dummy variable for married, father’s and mother’s
education, a dummy for whether father’s education is observable, the
log of family income, and reading and math test scores ðstandardizedÞ.
We should emphasize that the variables are “similar” across data sets, not
identical, so this should be viewed as more of a sensitivity analysis than a
formal evaluation of the Milwaukee choice program. We estimate the
choice parameters ðbÞ using the data from Milwaukee only but then es-
timate the outcome equation and student body effects from the urban
subsample of NELS:88. The values of b will reflect both preferences and
the relationship between X and voucher eligibility.
Since the sample is choice based, we use a logit model rather than a

probit. This gives consistent estimates of the slope coefficients but not
the intercept. The programwas in early stages during the period in which
we have data and involved only a small number of students but grew to
roughly 20 percent of the Milwaukee student population by 2010. Fur-
thermore, we are using all students, not just high school students. Thus
we do not want to use the data to estimate the size of the program. In-
stead, we choose the intercept to move 10 percent of students to make
this thought experiment comparable to our base case. Given the logit
specification, the choice of intercept does not alter the relative proba-
bilities that students choose private school. Let LðX 0

i bÞ be the estimated
probability of being in a public school as opposed to a voucher school
in Milwaukee. We then estimate the effect of this “voucher program” on
NELS public school students by assuming that if it was implemented,
a student’s probability of remaining in public school would be LðX 0

i bÞ.
In practice, we apply our formula to the NELS data with a more limited
set of Xi covariates and weight using

ŵðt; xiÞ5
LðX 0

i b̂Þ
1=NP 0 oj ;P 0

j 51
LðX 0

j b̂Þ
:

We obtain a small positive estimate of the cream skimming effect for
both student body effect specifications ðtable 9, bottom rowÞ. The dif-
ference between the small positive estimate and the small negative esti-
mate for our base case model reflects the targeting of the program, dif-
ferences in school choice preferences betweenMilwaukee and the rest of
the country, the fact that most of the Milwaukee program refers to ele-
mentary schools rather than high schools, as well as differences in the
variables used.50

50 Studies of the Parental Choice Voucher Program as well as a privately funded voucher
program in Milwaukee show positive selection into private schools conditional on income
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IX. The Cream Skimming Effect under Extreme Assumptions
about School Choice and Student Body Effects

318 journal of political economy
To gain a deeper understanding of what is driving our small effects, in
this section we explore what it might take to find large effects. Specifi-
cally, we make extreme assumptions about the amount of cream skim-
ming and the size of student body effects to see how large our estimates
can become. First, we simulate a universal voucher program in which
sorting into new voucher schools is determined exclusively by X 0

i g. For
the X 0

i g index model ð16Þ, this is the largest amount of cream skimming
that would be possible. To accomplish this, we rank public school stu-
dents by the outcome index X 0

i ĝ and assume that the top 10 percent will
move. Under this assumption, the average value of X 0

i ĝ is 0.57 for movers
and 0.38 for stayers. The average change in X ðs; tÞ0ĝ for stayers is
20.0163. Using ð16Þ as the student body effects specification, we obtain
20.0060 5 0.3680 � ð20.0163Þ as the estimate of ppðtÞ. This is a sub-
stantial effect relative to the private benefit of attending private school,
but the assumption that the response to the voucher will be based en-
tirely on the same index that determines student body effects is extreme.
To see this point, contrast these results with the final row of table 4.
When we freely estimate the school choice model, the mean of X 0

i g for
movers is only 0.4437 and the change in X ðs; tÞ0g for stayers is only
20.0037. Furthermore, prior to the voucher, the difference in the mean
of X 0

g for public and private school students is only 0.0743. Clearly the
decision to attend public school depends on a lot more than just X 0

i g.
The calculation does establish that with much more cream skimming,
one could obtain larger cream skimming effects.
Second, wemake an extreme assumption about student body effects on

the graduation rate. As noted earlier, our point estimate of dX 0
g is 0.3680

whenwe exclude unobservable student body effects ðtable 2, col. 2, row 1Þ.
If we set dX 0

g to one, almost three times the point estimate, the cream
skimming effect is 20.0037, with a confidence interval from 20.0051 to
20.0023 ðtable 10, row 3Þ. The decline of20.0037 in the graduation rate
is relatively small in an absolute sense, but it is large enough to cancel
out more than half of the direct positive effect of moving one out of
10 students to private schools, assuming a private school effect of 0.06.
However, a value of one for dX 0

g says that the external effect that X 0
i g has

on the graduation rate of a high school operating through X ðs; tÞ0g is
as large as the direct effect of X 0

i g on the graduation rate of person i. This
seems extreme.

eligibility. Figlio et al.’s ð2010Þ finding of negative selection into private school among
households eligible for Florida’s voucher program for low-income households, if anything,
reinforces our conclusion of a positive cream skimming effect for a voucher program

targeted to low-income households.
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In our third case we compute ppðtÞ using the base case model esti-
mates for the school choice and high school graduation equations but
imposing the extreme assumption of no sorting across school districts.

TABLE 10
Estimates of the Cream Skimming Effect ppðtÞ of a Voucher Program

on Public School Students under Extreme Assumptions

X
0
g Index

Base case 2.0014
ð2.0023, 2.0001Þ

School choice determined entirely by X 0
g 2.0060

ð2.0104, 2.0005Þ
Student body effect equals the direct effect ðdX 0

g 5 1Þ 2.0037
ð2.0051, 2.0023Þ

No sorting in public schools 2.0017
ð2.0029, 2.0001Þ

dX 0
g 5 1 and choice determined entirely by X 0

g 2.0163
ð2.0182, 2.0145Þ

dX 0
g 5 1, choice determined entirely by X 0

g, and no sorting 2.0189
ð2.0213, 2.0173Þ

Note.—The table reports estimates of ppðtÞ under extreme assumptions of the nature of
cream skimming and student body effects. The first row reports the base case estimate of
the cream skimming effect. The second row assumes that the top 10 percent of students
ranked by X 0

i g move to the public school and uses the base case specification ð16Þ for Z 0
d.

The third row uses the base case school choice model and assumes that the effect of theX
0
g

index on outcomes is the same as the direct effect of X 0
i g on student i. The fourth row uses

the base case for student body effects and school choice but assumes that there is no sorting
in public schools prior to the voucher. The fifth row imposes the extreme school choice
assumption from the second row and the extreme student body effects assumption from
the third row. The last row imposes the extreme school choice assumption, the extreme
student body effects assumption, and the no-sorting assumption from the middle row.
Numbers in parentheses are 95 percent confidence intervals.
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We use exactly the same parameters we use for the base model, but in
calculating the cream skimming effect, we replace the formula

1
NP0

o
fi:P0

i 51g
ŵðt; xiÞðXi 2X S2i Þ0ĝd̂X 0

g

with

1
NP0

o
fi:P 0

i 51g
ŵðt; xiÞðXi 2XP Þ0ĝd̂X 0

g:

HereXP is the mean value of Xi for all public school students, not just
the peers of the student. This maximizes the third determinant of the
size of the cream skimming effect—the degree of heterogeneity within
schools. For the X 0

i g index model, the magnitude of ppðtÞ rises from
20.0014 to 20.0017, with a confidence interval from 20.0029 to
20.0001. The increase is similar for the X 0

i b model: from 20.0011 to
20.0016 ðnot shownÞ.
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In the fifth row of table 10, we combine the assumption that sorting
into voucher schools is determined exclusively by X 0

i ĝ with the assump-
tion that d 0 5 1. This makes two of the three factors in the cream skim-

320 journal of political economy
X g

ming effect formula large: selection out of public into private school
is chosen to be as large as possible and the student body group effect is
set to a very high value. In this case the estimate of ppðtÞ is large: 20.0163.
This value is more than 10 times the base case estimate. When we add
the counterfactual assumption of no sorting across public schools to the
other two extreme assumptions, the estimate of ppðtÞ is 20.0189 as doc-
umented in the final row of table 10.
We conclude that not one specific factor drives our small estimates,

but rather the combination of all three factors.

X. Conclusion
The first contribution of the paper is to provide a simple formula

showing that for a broad class of models of school choice and student
body effects, the cream skimming effect is determined by the covariance
of the relative probability that a student will stay in public school in re-
sponse to the voucher with an index of the differences between the stu-
dent’s characteristics and the average characteristics of his or her school-
mates. The weights of the index are the coefficients relating outcomes to
student body characteristics. The formula for the cream skimming effect
provides the structure for our empirical investigation.
We rely primarily on formal econometric analysis to estimate the school

choice and school outcome parameters using several alternative models,
but we also perform a sensitivity analysis using alternative assumptions
regarding school choice and regarding the effects of school composi-
tion on outcomes. We provide a method for allowing school choice to de-
pend on public school student body characteristics even when these
characteristics are not directly observed for those who choose a private
school. We also provide a way to allow for both unobserved fixed char-
acteristics of schools that influence school choice and for unobserved
characteristics of schoolmates that influence outcomes. Both methods
may have other applications.
The specific parameter estimates vary with the details of the econo-

metric specification and the voucher program specified. However, the
point estimates and the lower bounds to the confidence interval esti-
mates of the cream skimming effect of a voucher program on high school
graduation rates are typically small in absolute value. The results suggest
that the effects of vouchers on the productivity of public schools, either
through a positive or a negative response to competitive pressure or
through an effect on the financial resources available in public schools,
may be more important than the cream skimming effect.
This content downloaded from 
�������������144.92.38.235 on Fri, 01 May 2020 18:06:14 UTC������������� 

All use subject to https://about.jstor.org/terms



Extrapolating to other types of choice programs is speculative since we
do not examine them explicitly. However, our cream skimming effect
formula would be identical. Under monotonicity, the only difference
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would come from the relative probability of remaining in the default
school, wðt; xiÞ. In order for the overall effect to be sizable, one would
need the amount of cream skimming to be more severe than what we
have simulated for the types of voucher programs we consider. The
evidence to date on selection into charter schools suggests that this is
unlikely for the charter school programs that have been introduced so
far. In his career James Heckman has pushed economists toward work-
ing on ex ante policy evaluation. He has also pushed empirical work in
labor economics toward trying to make real progress on important social
issues, not in just estimating abstract structural parameters. This paper
responds to both of these initiatives. School choice programs are a very
important social issue, and we know very little about the magnitude of
the cream skimming effect. Our analysis will not be the last word on the
subject. But by engaging in ex ante evaluation and by considering a
variety of possible programs rather than evaluating a single program, we
arrive at a provisional message for policy makers, at least for a modest
program that does not lead to wholesale geographic migration and exit
from public schools. When considering the costs and benefits of modest
voucher programs, the potential costs associated with cream skimming
effects appear to be small.
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