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ABSTRACT

We estimate the average treatment effect (ATE) parameter and treatment
on the treated (TT) for those students effectively choosing a private voucher
school. With detailed individual data for both the school and the family of the
student we are able to control for factors not used before in the literature.
Controlling for the selection bias caused by school choice, we estimate a small
ATE but a substantial TT. The paper concludes that the voucher system works to
provide a better education to those that use it.

RESUMEN

En este trabajo estimamos el efecto de tratamiento promedio (average
treatment effect parameter, ATE) y el efecto del tratamiento en los tratados
(treatment on the treated parameter, TT) para aquellos alumnos que escogieron
establecimientos subvencionados privados. Debido a que contamos con infor-
macion a nivel individual de los establecimientos y de la familia de origen de los
estudiantes, podemos controlar por caracteristicas que no habian sido utiliza-
das en la literatura previa. Controlando por la autoseleccion de los alumnos en
los establecimientos educacionales, encontramos un ATE pequeiio y un alto TT.
Este ultimo es el parametro de interés convencional utilizado para evaluar este
tipo de programas. Se concluye que el sistema de subvenciones es efectivo en
proveer una mejor educacion para aquellos alumnos que escogen los estableci-
mientos privados subvencionados.

* Instituto de Economia, Pontificia Universidad Catélica de Chile. csapelli@faceapuc.cl
** Instituto de Economia, Pontificia Universidad Catdlica de Chile. bvial@faceapuc.cl

Keywords: Education System, Nonparametric Methods, Program Evaluation and Vouchers
JEL Classification: C14, 122, 128



424 CUADERNOS DE ECONOMIA (Vol. 39, N° 118, Diciembre 2002)

1. INTRODUCTION

The introduction of vouchers in the financing of social services such as
education or health continues to be an area of much debate. The advantages and
disadvantages of vouchers have been analyzed in detail at a theoretical level.
The lack of sufficient (in both number and length) empirical evidence on the effects
of vouchers has hindered the advance of knowledge in this area. In Chile a
voucher system was introduced in education in 1982. This is the only education
voucher system established at a national scale and that has data for more than 15
years. Its evaluation is of great interest to evaluate the arguments of the theoretical
literature on the advantages and disadvantages of the voucher system (and on the
proper design of a voucher system, an issue whose importance is not sufficiently
emphasized in the literature).

The literature that has been developed on the Chilean case is small, and in
many cases faces methodological and/or data limitations. In the discussion ofthe
literature found in section 3 below, we describe the methodological limitations.
Regarding the data, up until late 1999, there was no individual data available.
Papers had to use the school as a unit of study, because the results of the SIMCE
test, the test used to measure achievement, were made public as the average per
school and the individual data was not available. Additionally, these studies lacked
good information on the socioeconomic characteristics of the students (and their
families). Proxies were used that implied averages at the school or county level
(averages of socioeconomic characteristics of the county in which the school is
located). Hence each school implied one observation. We are now able to analyze
how appropriate these proxies were.

In this paper we evaluate the performance of private and public schools in
the Chilean voucher system, using the new individual data available for the test
taken in 1998 to the second grade of secondary school. A parallel survey produced
the data on individual socioeconomic characteristics that can be matched to all
test results. We also use information on the characteristics of the schools and the
centrally designed programs in which they participate, and on the transfers they
receive from municipalities.

2. DESCRIPTION OF THE CHILEAN EDUCATION SYSTEM

Education in Chile is provided by three types of schools: municipal
schools (MUN), private subsidized schools (PS), and private non subsidized (PP,
for its Spanish name, particulares pagados). MUN schools have little more than
one half of total enrollment, PS schools have about one third, and PP schools have
about one tenth. These percentages vary in Santiago, where PS and PP schools
have a larger share.

In 1988 the System of Measurement of the Quality of Education (SIMCE for
its Spanish Sistema de Medicion de la Calidad de la Educacion) was established
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to generate information on the quality of education in different schools. The
system consists of tests in the areas of language, mathematics, social sciences,
and science. For language and mathematics, all schools are tested in fourth and
eighth grades (primary school). In 1993 a test started to be taken to students in the
second grade of high school. The raw scores show that PP schools have the
highest test scores, while MUN schools have the lowest.

Although the evolution of the test since its inception would be interesting,
and many analysts make much of its evolution, that comparison is meaningless
since the test is not designed to be comparable!. The test was not equated until
1997. The test was administered by the Universidad Catolica up to 1992 and then
was transferred to the Ministry of Education.

MUN schools may be of two types: i) those dependant of a department
within the Municipality (called Departamentos de Administracion de la Educa-
cion Municipal (DAEM)); or ii) autonomous, constituted as a Corporation, where
the Mayor is the head of the Board of the Corporation. The Corporation does not
belong to the municipality and hence the statute of municipal public servants does
not bind its personnel. Most MUN schools are controlled by the DAEM. Since
1988 the creation of new corporations was prohibited. The PS schools include: i)
religious schools; ii) for profit lay schools; and iii) not for profit lay schools.

PP schools finance themselves 100% from tuition payments, while PS and
MUN schools were usually free and financed themselves 100% from the fiscal
budget at the beginning of the voucher system. The fiscal funds were distributed
according to a per capita subsidy. The purpose of this subsidy is to promote
competition among schools financed from the fiscal budget to attract and retain
students, since the amount of money they receive depends directly on enrollment
(the subsidy is paid every month to the school according to average attendance
during the previous three months). The subsidy is expressed as a multiple of a unit
called Unidad de Subvencion Educacional (USE). The multiple varies according
to different characteristics of the school (see Table 1).

The per capita subsidy does not depend on student’s characteristics. If the
education of students with lower initial human capital is costly, it implies that they
receive a lower net subsidy. In other words, poorer families generally receive a
lower net subsidy. This design of the subsidy implies that poorer families are the
less benefited from the voucher system.

Some current characteristics of the Chilean voucher system imply that we
are not facing the typical voucher design, in which schools compete for a similar
per capita subsidy and then have to operate with the budget the sum of the
subsidies provides. Though it is not the purpose of this paper to analyze these
issues, they are relevant to the design of the empirical strategy and to interpret the
results we obtain from the evaluation of the system. We will discuss briefly those
issues.

Quoting Eyzaguirre and Fontaine (1999): “...la comparacion de las pruebas anterio-
res a 1997 no seria metodolégicamente correcta”.
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TABLE 1
PER CAPITA SUBSIDY

Multiple of the USE®

Without longer  With longer

Typeof education <chool day  school day’

Preprimary 1,4495
Primary (1%to6") 1,4528
Primary (7" to 8" 15781
Primary (1* to 8" 1,9906
Specia Education (3°to 8" 4,8216 6,0516
Secondary (humanities) 1,7631 2,3824
Secondary (technica, agriculture) 2,6209 3,2345
Secondary (technicd, industry) 2,0410 2,5183
Secondary (technica, commerce) 1,8290 2,3824

@ USE (1998) = US$22 approximately.
b Jornada Escolar Completa.

Fuente: Ministerio de Educacién, Chile.

On the regulatory side, an important problem is that since 1990 there is a
“Teachers Statute”. The statute imposes the centralized negotiation of wages, that
implies schools lose control over their wage budget. The statute is pertinent for
municipal schools, and partially to particular subsidized schools, since it imposes
aminimum standard.

Concerning the budget constraint the schools face, most MUN schools
receive subsidies from the municipalities if the voucher is not enough to cover the
entire budget. The average monthly transfer was US$9.5 per student in 1998, but
some municipalities did not transfer funds at all to the schools, while other
transferred a large amount of money (the highest was US$298.3). That is the
reason why we claim that some municipal schools face a “soft budget constraint”.

In addition, at present education policy is directed to increase the quality
of output by increasing inputs, through centrally designed and financed programs.
It includes several specific programs in different areas (the most important of
which is the mandatory extension of the school day). This strategy involves the
construction of a structure of incentives parallel (and sometimes opposed) to that
of the voucher system. These incentives in many respects may neutralize the
effects of the voucher system, since resources are allocated to the schools and not
to students?. The money channeled through these programs also increases the
school’s budget, beyond the voucher funding.

2 The strategy that is currently being followed is based in part on a negative evaluation

of Chile’s experience with vouchers. This evaluation is quite clear in the paper by Cox
and Lemaitre (1999) “Market and State Principles of Reform in Chilean Education:
Policies and Results”, in which there is a strong and well-structured defense of the
current strategy.
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Since 1993 there are two new sources of financing for the PS schools: the
system of shared financing or financiamiento compartido and the possibility of
deducting educational donations from taxes. The financiamiento compartido
system consists of the possibility of parents making direct payments to the school,
without the school losing 100% of the subsidy, as was the case until then. Once a
school chooses to participate in the system it can charge up to four USEs
(approximately US$88), and the per capita subsidy is reduced according to the
average fee paid by the student. The discount corresponds to: 10% of the portion
of the fee between one half and one USE, 20% of the portion of the fee between
one and two USEs, and 35% of the portion of the fee between two and four USEs.
As B. Vial (1998) shows, this system unambiguously increases total financing to
education, reducing the distortions created by the “either/or” option between
fully paid and free schools. The system of financiamiento compartido was a huge
success and about 40% of PS schools (representing about 65% of total PS
enrollment) had shifted to the system by 1996.

Enrollment has proved that people find the system is successful in providing
what they want for their children. Not only one quarter of the students are currently
in PS schools with financiamiento compartido, but if one goes a bit further back,
the changes in the structure of the system are startling. In 1981, 80% of the students
were in MUN schools and by 1997, only 55% of the students where in MUN
schools.

Certainly, while the introduction of centrally financed programs may
neutralize the positive effects of the voucher system, during the last few years the
design and operation of the voucher system has also been improved: the increase
in the real value of the subsidy, the development of financiamiento compartido,
the publicity of the SIMCE results, are all developments that improved the operation
of the voucher system.

Concluding, several problems in the operation of the Chilean voucher system
need to be taken into account in the evaluation of the Chilean voucher system. We
are not facing the typical voucher design in which schools compete for a similar
per capita subsidy and then have to operate with the budget the sum of the
subsidies provides. That is only true for PS schools without financiamiento com-
partido (FC). MUN schools receive extra budget from the municipalities and the
Ministry. PS schools with FC receive extra budget from the parents. Though the
latter are directed to those schools parents think deserve support, the first are
sometimes directed to funding schools that have lost many students to competition,
therefore negating the objectives of the system. Currently, schools that fail due
to lack of demand or bad administration are subsidized.

Our empirical strategy consists in the estimation of treatment effects
associated to school dependence (private or public). We try to estimate the gain
associated with the attendance to private subsidized schools, versus municipal
(or public) schools, for students with the same characteristics. We are not interested
in finding the reason why there is a gain (or not) associated with school dependence,
but on the existence of that gain. Therefore, in the estimation we control by
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student characteristics®, but we do not control by school characteristics. We do
not attempt to estimate an education production function, and we are not interested
in answering if students who attend to schools with the same characteristics
(inputs, incentives and technology) obtain the different results. We are interested
in answering if students who attend to schools with different dependence (private
or public) obtain different results, precisely because the schools have different
characteristics.

3. THE EMPIRICAL LITERATURE
The literature up to 2000

Up until 2000, the number of studies was small and used different
independent variables that complicates extracting overall conclusions. Tessada
(1998) reviews the five production function studies done in Chile (Rounds (1996),
Aedo and Larrafiaga (1995), Aedo (1988), Mizala and Romaguera (1998), Gallego
(1997, 2001)), up until then. Of all these the one that had the most influence is
Mizala and Romaguera, later published in the JHR (Journal of Human Resources)
(2000).

The variables that are consistently significant are those related to the
children’s environment, such as parental education, the vulnerability index
(an index constructed by Junta de Auxilio Escolar y Becas, JUNAEB and principally
related to family income), and dummies that represent the different regulatory
frameworks in which schools work: municipal schools (organized as corporations
or directly dependant on the municipality), private subsidized schools, private
subsidized schools with financiamiento compartido, religious schools, and non
subsidized private schools. The results indicate that the poorest performance is
that of municipal schools that are directly dependant of the municipality (DAEMs),
and the best that of PP schools (and this is still true once one extracts the influence
of parental characteristics and controls for selection bias). Aedo (1997), in particu-
lar, provides evidence of the importance of appropriately modeling the supply
side, i.e. that there is great heterogeneity of incentives within groups of schools
usually analyzed as a homogeneous. The differences also include different budgets,
as mentioned above.

Are private subsidized schools more effective?

Up until 2000, the literature concluded that, if properly controlled by pupil’s
background, SIMCE scores did not differ between municipal and private subsidized
schools. These result influenced educational policy for many years. For example,
policy papers such as Cox and Lemaitre assert that, if pupils background and the
conditions in which the schools operate are controlled for, SIMCE results are the

3 We control by family income, parental education and indigenous family.
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same. If confirmed, the result that municipal and PS schools do not differ in the
quality of their product would be earth shattering, since municipal schools face a
very different incentive framework than PS schools (such as soft budget constraints).
If they effectively produce the same product, then it implies that the additional
funds received by municipal schools really matter, or this incentive framework is
basically irrelevant. This is the reason why many analysts take this result as
implying that the voucher system is an inadequate system to achieve better
education.

Mizala and Romaguera (1997) argue against their results necessarily being
read as implying that the voucher system had failed. They argue that freedom of
choice should be factored in as an advantage of the voucher system, even if
SIMCE results where not changed. Also, the fact that SIMCE results are the same
may imply that both MUN and PS school results may have increased pari passu as
aresult of competition.

Moreover, it is not clear whether the conclusion that “if pupils background
and the conditions in which the schools operate are controlled for, SIMCE results
are the same” is a consistent result in the literature. McEwan and Carnoy (1999),
and Bravo, Contreras and Sanhueza (1999) found that the difference in scores
between PS schools and MUN schools is statistically significant, even controlling
for socioeconomic background (for 1997 data). However, they argue this is due to
the performance of catholic schools (or schools that were in operation before the
introduction of the voucher system). McEwan and Carnoy argue that, since most
catholic schools were in operation before the voucher system was introduced, and
in the US it has been found that catholic schools are more efficient (even though
no voucher system exists), they should not be considered when evaluating the
merits of the voucher system. Once one drops these schools, they find that the
other PS schools perform worse than MUN schools.

Bravo, Contreras and Sanhueza (1999) argue along the same lines, but use
a dummy to symbolize schools that existed in 1982 when the voucher system
started, and those that did not. Schools that existed before 1982 have better scores.
They conclude, “the superiority of the private subsidized schools is due rather to
pre-reform or religious subsidized schools.” The table that follows this sentence
actually says something different. Pre reform schools are significantly better than
post reform schools in 1989, but the difference halves in 1993 and disappears in
1997. In 1997 both pre and post reform schools are significantly better than muni-
cipal schools. Hence the results in the literature were converging into finding
small but significant differences in scores between PS and MUN schools.

The most recent literature

The literature reviewed above had the following limitations: 1) the papers
did not control for selection bias with the possibility of a biased estimation of the
effects if the selection of school was endogenous and depended on variables
included in the regressions; 2) the effect that was estimated is an homogenous
treatment effect independent of student characteristics, when there is the possibility
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that different types of schools are more effective for certain students, and hence
the average treatment effect may be misleading; and 3) there is an implicit
assumption that all voucher schools operate with the same budget, when, as was
described above the budget of the voucher schools differs significantly (due to
centralized programs, transfers from the municipality or fees), hence there is a need
to give adequate structure to the supply side*.

Selection bias

All empirical work in the area before 2000 is subject to the criticism of not
taking into account the existence of selection bias. Data to correct for it was not
available until 2000. The issue is present, for example, when attempting to interpret
the difference in raw test data between different types of schools. Two effects can
be confused: that of a better quality entering student due to more “in-house”
production of human capital, and that of a better student-school match due to
parents with higher human capital to find a better match. There is a need to use
econometric methods to separate the value added by the school from that due to
the better quality of the input (the student).

The literature up to 2000 regresses the test results on family characteristics
and type of school. If the differences in raw scores is all explained by family
characteristics, then the conclusion was that schools do not differ much in the
quality of education. However, since the decision of type of school is endogenous,
if one does not control for its endogeneity, one may make inferential mistakes
(Card and Krueger 1992 actually argue, for the US, that when adequate controls for
previous human capital are used, they explain most of the difference in performan-
ce). Family characteristics influence test scores through two channels, the selection
of the type of school, and the learning ability of the child. If one regresses test
scores on family characteristics, one is not able to determine which channel is
most important. It could be possible to explain 100% of raw scores by parental
education and that would not mean the quality of the schools is similar. If all the
influence of parental education is channeled through the choice of school, then
what makes the difference is the school. Only if most of the influence were through
the learning abilities of the child, would the conclusions in the Chilean empirical
literature be correct. Mizala and Romaguera and Reinaga (1999) apply the
methodology to separate these two effects to Bolivia. When they do not correct
for sample selection, they find that parental characteristics explain two thirds of
the raw test difference between public and private school test scores. When they
correct for sample selection, they conclude that half of the difference explained by
parental or family characteristics is through school selection, hence implying the
quality of the student explains one third and not two thirds of the raw score
differences. The other third is due to better selection of schools by highly educated
parents.

4 Other problems include use of inadequate controls or of the market structure in

which schools compete, Gallego (this issue) looks at the second issue.
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In the Chilean literature, Contreras (2001) and Tokman (2001) introduce
selection bias and find significant differences in scores between MUN and PS
schools. Contreras estimates a LATE with an equivalent of the SAT (the Prueba
de Aptitud Académica or PAA), which both due to its methodology (instrumental
variables) and the use of the PAA instead of the SIMCE, is unique and cannot be
compared to the rest of the literature. Mizala and Romaguera (2001) use the same
data set as we use in this paper, but report they are unable to control for selection
bias (due to lack of convergence). However, even when not controlling for selection
bias they find that the SIMCE scores do differ significantly between MUN and PS
schools. They attribute the differences between these results (for secondary
education) and their previous study (for primary education) to differences in the
type of schools and students at both levels.

Absolute advantage versus comparative advantage (one or two abilities?)

The literature up to 2000 included the estimate of an average treatment
effect in a model where schools had absolute advantages to teach all students.
Tokman (2001) includes an estimate of the average treatment effect (ATE)> for
different categories of students, and finds that there could be evidence for
comparative advantage. A positive ATE on average could be composed of a
positive ATE for some students and a negative ATE for others. However, she does
not take into account the effects of differences in the supply side that could also
explain her results (for example, different incentives or budgets of private subsidized
schools with and without FC, of MUN schools with and without subsidies, or
MUN schools functioning in a regime of competition or monopoly).

How much structure to the supply side?

All the studies in the literature implicitly assume that MUN and PS schools
are an homogeneous pool that function subject to similar incentives and similar
budgets. However, this is not true, and there are several differences that should be
controlled for, or at least taken into account when interpreting the data. These
include: the differences in the budget of MUN schools according to the municipality
where they are located, or their inclusion in Ministry of Education programs; the
extra subsidy received by rural schools; the extra budget received through
financiamiento compartido; and whether schools compete with others in the same
municipality, or have monopoly power due to their location.

Recently, Gallego (2001) has provided evidence of the importance of the
industrial organization aspects of the problem, showing evidence that MUN schools
perform better when they face competition from PS schools.

The treatment here would be to attend a private subsidized school.
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4. TREATMENT EFFECTS: PRIVATE SUBSIDIZED VERSUS MUNICIPAL SCHOOLS

Previous evaluations of the Chilean education voucher system (for example,
see Mizala and Romaguera, 2000) commonly use a model like the following:

Y=XB+aD+u

Where Y is the test score, X is a vector of exogenous personal characteristics
that affect test scores (including family background)®, and D is a vector of dummy
variables indicating attendance to private subsidized or public schools.

The test score gains associated with different school types are measured
by the estimate of the dummy’s coefficients. This general model had two important
problems: (a) it was very restrictive, because it assumed that the score gain is
constant across individuals with different observable characteristics, and (b) it
does not consider self selection. We attempt to correct both problems, using a
more general model and correcting for selection bias. We also attempt to better
model the supply side, by including the transfers to municipal and PS schools.

Selection Model 7

We use a generalized Roy model to characterize the self selection process.
Given school characteristics, potential test scores are determined by student’s
characteristics (including family background). However, municipal and private
subsidized schools exploit differently those characteristics, so potential test scores
in each type of school are different. We assume that parents choose the type of
school that maximize their utility, which includes the student’s test score as an
argument.

Potential test scores are:
Y,=XB,+u, (in public school)

Y,=XB,+u, (in private subsidized school)

Some studies also control for school characteristics, but it is not correct, because the
realization of D determines school characteristics (for an interpretable definition
of the treatment effect we need the “no feedback condition”). See Heckman, Lalonde
and Smith (1999).

We also estimated a multinomial-OLS selection model, considering PP, PS and Muni-
cipal schools, and we obtained similar results. However, we present the results for the
standard normal selection model because the multinomial-OLS selection model requires
distributional assumptions that differ from those of the Roy Model, and requires the
Independence of Irrelevant Alternatives. Moreover, the distribution of characteristics
of students attending PP schools differs substantially from those of students attending
PS and MUN schools (there is no common support).
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school,

We define a dummy variable: D=1 if the student chooses a private subsidized
and D=0 if the student chooses a public school. The selection rule is

defined as follows:

Uo O

D=1 if D*=Z0+u, >0
D=0 otherwise

We assume that the error terms are normally distributed, so

[(Poo ©10 ©Do
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We only observe test scores in each type of school for students who

actually attend this school. The mean of test scores observed in private subsidized
schools is:

E(Y]_/D :1) = XB]_"' E(U]_/UD > —ZO)
= XPBy +01pA(-Z8) = X By +p107M (- Z6)

The mean of test scores observed in municipal schools is:

E(Yog/D =0) =XBg +E(ug/up <-Z6)
=XBo —0opA(Z6) = XBg —po0oA(Z6)

In the previous expressions A(.) corresponds to % , where @(.) and

®(.) are the density and the cumulative distribution function of a standard normal

variable respectively. We estimate 3, 8, 6, 6, p,and p, by Maximum Likelihood.

We estimate the Average Treatment Effect (ATE) and the effect of

Treatment on the Treated (TT) associated with private schooling on language
achievement®?. When we consider the gain associated with private subsidized

We obtained similar results when we estimated treatment parameters for Math test
scores.

Quote from Heckman and Vytlacil (2000 a), University of Chicago, December.
“Accounting for individual level heterogeneity in the response to treatment is a major
development in the econometric literature on program evaluation. A substantial body
of empirical evidence demonstrates that econometric models fit on individual-level
data manifest heterogeneity in treatment effects that is present even after conditioning
on observables. An important distinction is the one between evaluation models where
participation in the program being evaluated is based, at least in part, on unobserved
idiosyncratic responses to treatment and models where participation is not based on
unobserved idiosyncratic responses. This is the distinction between selection on
unobservables and selection on observables. The validity of entire classes of evaluation
estimators hinges on whether or not they allow agents to act on unobserved idiosyncratic
responses. In a wide variety of applications, the available evidence suggests that not
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schooling versus public schooling, the ATE is defined as the expected gain in test
scores associated with attendance to a private subsidized school (versus a public
one) for a randomly chosen individual. In turn, the estimated effect of TT
corresponds to the expected gain in test scores for those students who actually
attend private subsidized schools (versus their expected test scores in a public
one). Standard errors are computed using parametric bootstrapping'®.

ATE corresponds to:
ATE(X) = X(B; -Bo) (conditional on X)

1n
ATE = JATE(X)dF(X) = H-ZlATE(Xi) (unconditional)
1=
Where n is the sample size. In turn, TT corresponds to:
TT(X,Z,D=1) = X(By ~Bo) +(P101 ~ Po00)N(-Z6)

n
TT=(TT(X,Z,D=1dK(X,Z/D=1)= n—lt_leiTT(x,z, D =1) (Unconditional)
1=

Where D=1 if Y,> Y/, and n, is the number of observations with D=1.

To evaluate the policy in question, the conventional parameter of interest
is TT.

For the estimation of treatment effects, we run separate regressions for
Private Subsidized and Municipal schools, controlling by income group, mother
and father education, and a dummy indicating that the child comes from an
indigenous family'?. In the selection equation we include the previous variables,
and in addition we include the number of municipal and PS schools by km?, and the
ratio of the number of students in PS and PS+MUN schools'3, by geographical

only are ex post (post enrollment) responses heterogeneous, but that ex ante decisions
to participate in programs are based, in part, on these heterogeneous responses. (James
Heckman and Edward Vytlacil, 2000b). An important consequence of these findings is
that in the presence of selection on idiosyncratic treatment effects, no single “effect”
describes a program or intervention. A variety of treatment effects can be defined that
depend on the conditioning sets used to define “the” effect. Picking persons at random
and entering them into a program and comparing their mean outcomes with those of
persons denied access produces the Average Treatment Effect (ATE). Picking persons
at random who go into the program and comparing their average outcomes with those
of the same type of people denied access to the programs defines the parameter
Treatment on the Treated (TT).

10 See Heckman, Tobias and Vytlacil (2000).

11 See, for example, Heckman et al. (1997) and Heckman et al. (1998).

12 Children from indigenous families may be disadvantaged because of their use of
s Mapudungun, an indigenous language very different from Spanish.

To estimate the school size, we used information on the number of students in first
grade (of high school), in order to avoid a bias due to different dropout rates.
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area. These variables are included to capture the effect of school availability on
the school selection. For a description of the variables, see Appendix 2.

Exclusion restrictions

As we noted before, in the selection equation we include the number of
municipal and PS schools by km? and the ratio of the number of students in PS and
MUN+PS schools by geographical area as exclusion restrictions. We define
geographical areas according to the province where the student attend to school,
except for Santiago. In this case we separate by electoral district, due to the large
size and population density of the province. The average size of provinces is
17.232 km? (and the standard deviation is 21.219).

The crucial assumptions behind those exclusion restrictions are that
mobility of students across provinces (and electoral district in Santiago) is low,
and that families do not take into account the school quality in the province (or
electoral district in Santiago) when they choose area of residence!. The first
assumption means that the student almost always attend to a school inside the
area of residence, i.e., the area where they attend to school is almost always the
area of residence. This assumption is not opposed to the evidence about mobility
of students across municipalities, since provinces (and electoral districts) are groups
of municipalities.

As to the second assumption, Coloma and Edwards (1997) argue that so-
cial housing reduces residential mobility. According to the 1998 Encuesta de Ca-
racterizacion Socioeconomica Nacional, CASEN, 30% of the second grade students
in High School who attend subsidized schools, live in social-program houses.
Thus, according to Coloma and Edwards, for this 30% of the students, residential
mobility is low. This issue, added to the low residential mobility due to occupational
reasons, justify our second assumption.

5. DESCRIPTION OF THE DATA

In this paper we evaluate the performance of the Chilean voucher system,
using the new individual data available for the SIMCE test taken in 1998 to the
second grade of secondary school. We also use a parallel survey with data on
individual socioeconomic characteristics that can be matched to test results, and
information on the characteristics of the schools and the centrally designed
programs in which they participate. On the individual characteristics, we have
some measures for family background, like parental education and family income,
and student specific variables, such as if he/she have repeated a course. Table 2
presents a summary description of the variables used in the estimation.

14 Variables used as exclusion restrictions should influence school choice, but not the test

scores. Therefore, the crucial assumption is that those variables are not correlated
with unobservables that affect test scores.
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TABLE 2
DESCRIPTION OF THE VARIABLES USED. LANGUAGE DATA SET

Varidble Obs. Mean Sd. dev. Min Max
Dummy PS 46379 0.47 050 0 1
Dummy MUN 46379 0.53 050 0 1
Income; 100-200 46379 0.36 048 0 1
Income: 200-300 46379 0.16 037 0 1
Income: 300-400 46379 0.08 027 0 1
Income: 400-500 46379 0.4 020 0 1
Income: 500-600 46379 0.03 016 0 1
Income: 600-800 46379 0.2 015 0 1
Income: 800-1000 46379 0.01 011 0 1
Income: 1000-1500 46379 0.01 009 0 1
Income >1500 46379 0.00 0.06 0 1
Mather Education: primary 4°-5° 46379 0.07 026 0 1
Mather Education: primary 6°-7° 46379 0.12 0.32 0 1
Moather Education: primary completed 46379 0.14 0.35 0 1
Mather Education: HSinconplete 46379 0.4 042 0 1
Moather Education: HS conpleted 4637 0.26 044 0 1
Mather Education: inconpleteuniversity 46379 0.06 025 0 1
Moather Education: university conpleted 4637 0.4 020 0 1
Father Education: primery 4%5° 46379 0.06 024 0 1
Father Education: primery 6°7° 46379 0.09 0.29 0 1
Father Education: primary compl eted 46379 0.12 0.32 0 1
Father Education: incomplete HS 46379 0.20 040 0 1
Father Education: HS completed 46379 0.29 045 0 1
Fether Education: incormplete uni versty 4637 0.08 0.27 0 1
Fether Education: university conrpleted 4637 0.06 023 0 1
Indigenous family 46379 0.4 021 0 1
Munidpal Schods by km2 46379 959.38 178577 026 652174
PS Schods by km2 46379 268373 5106.2 0 18260.87
Students PS' students PSHVIUN 46379 0.44 019 0 0.82




THE PERFORMANCE OF PRIVATE AND PUBLIC SCHOOLS 437

6. REsuLTs AND DiscussION

The results on treatment effects for language test scores are summarized in
Tables 3 to 6 (estimated standard errors are in parenthesis). In the tables we report
the estimated unconditional average treatment effect (ATE), and the unconditional
effect of treatment on the treated (TT). To approximate unconditional treatment
effects, we average the estimated individual effects for the complete sample (first
column) and for each income group (in columns that follow)'3. Regression results
are shown in Appendix 1'°.

The regression results show that the family background variables are
important in both explaining the SIMCE test results and the selection of PS or
Municipal schools. An important result is that self selection is an important issue
in the estimation. If we do not take into account the issue of self selection and
perform an OLS estimation of the difference in SIMCE scores between MUN and
PS schools (see Table 3), controlling by family characteristics, we obtain a difference
of about 9.6 points in favor of PS schools'”. This Average Treatment Effect (ATE)
corresponds to 0.2 Standard Deviations (of Test Scores).

When taking into account self selection (see Table 4) we obtain an estimate
of ATE that is negative (ATE=-2.3) and a lower estimate of the effect of TT (TT=6.9).
As we noted before, the conventional parameter of interest for the evaluation of
social programs is the effect of TT. The estimated TT is lower (than the OLS
result), but still statistically significant. It corresponds to 0.15 standard deviations,
an effect considered slight to moderate in the literature (effects of 0.1 standard
deviations are considered slight; 0.2 to 0.4 are moderate; and 0.5 or higher are
large; see Greene, Peterson and Du, 1997).

15 These income groups are defined in Chilean pesos, and correspond approximately to

the following brackets in US$: less than 217; 217-434; 434-651; 651-1302; more than
1302.

Note that in tables Al.2 and Al.3 the coefficients for the selection equations for the
PS and MUN columns are the same in absolute value, but with the opposite sign. This
is so because for PS, selection occurs when the individual chooses a PS school (as
opposed to a Municipal school), and for MUN, selection occurs when he or she chooses
a municipal school (as opposed to a PS school). Therefore, the PS column shows the
results for the estimation of the probability of choosing a PS school, and the MUN
column shows the opposite.

Since for OLS estimation we assume there is no selection bias, ATE and TT are
identical.

16

17
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TABLE 3
OLS TREATMENT EFFECTS ON LANGUAGE TEST SCORES

Income group (1.000 Ch$)
All <100 100200 200-300 300-600  >600
Average Test Score (ATS) 248.7 2316 2455 2585 268.5 280.0
Test Score Standard Devietion (TSSD) 47.6 446 455 454 46.1 47.2
ATE (PS-MUN) 9.6 9.3 9.7 111 8.2 9.8
(sd) 01 (©2 (O (0.3 0.2 0.4)
% of the ATS 4% 4% 4% 4% 3% 3%
% of the TSSD 20% 21% 21% 24% 18% 21%
TABLE 4
TREATMENT EFFECTS ON LANGUAGE TEST SCORES
(SELECTION MODEL). ALL GEOGRAPHICAL AREAS
Income group (1.000 Ch$)
Al <100 100200 200300 300600 =>600
Average Test Soore (ATS 2487 2316 2455 285 2685 2800
Test ScoreStandard Devidtion (TSD) 476 446 455 454 46.1 47.2
ATE (PSMUN) 23 51 -18 0.6 21 -0.6
(s 06 (6 (09 07 08 (09
%of theATS 1% -2% -1% () -1% 0%
%of theTSD 5% -11% -4% 1% -5% -1%
TT (PSMUN) 6.9 65 71 85 53 69
(s 15 @6 (@19 9 (1§ @9
%o0f theATS % 3% % Y 2% 2%
%of the TSD 1% 15% 16% 19% 11% 1%

As we can see inTableA1.2 (Appendix 1), in the estimation of the selection
model we obtain positive and significant selection coefficients in the private

subsidized sector. Those results are consistent with absolute advantages.

An issue that is not considered in this estimation, is that some schools
receive financial assistance from the government above and beyond the value of
the voucher. Thus, not all the schools considered in the estimation are working
with the same per capita subsidy. To try an solve this problem, we separate the
data set according to the geographical area. The criteria for separating geographical
areas is the per capita subsidy received.
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Taking into account the differences in per capita subsidies: estimation by
transfer quintile

We run 10 separate regressions, according to the level of local and central
government per capita funds received by subsidized schools in addition to the
voucher. For this purpose we use SUBDERE (Subsecretaria de Desarrollo Regio-
nal) information on municipal funds transferred to municipal schools, and
MINEDUC (Ministerio de Educacion) information on school participation in the
two most important central government programs for high school (Montegrande
and PME, see Annex 1). We separate the data set by province of residence, except
for Santiago. In this case we separate by electoral district, due to the large size of
the province. Then we proceed as follows:

i) We estimate the average municipal funds transferred to municipal schools
per student in each geographical area (using the information on total funds
transferred, and the total number of students by municipality).

ii) We use information on the percentage of students attending Montegrande
and PME schools by geographical area, to estimate the funds received by
municipal and PS schools per student in each area (using the average per-
student transfer in Montegrande and PME programs).

iii) We construct an index according to the additional funds received by muni-
cipal schools.

iv) We sort the geographical areas according to the index described above,
and construct quintiles (each quintile with approximately 20% of high
school students).'®

In this classification, the first quintile gives us the most pure voucher
comparison, since it includes schools that work approximately within the voucher
value'®. Those in the fifth quintile are those municipal schools that receive the
most transfers (on average 71% more than the value of the voucher, ranging from
50 to 200% of'the voucher, see Table A2 in Appendix 2).

The weighted average (by number of students) of annual transfers per
student, is US$48 in the first quintile; US$64.9 in the second; US$95.6 in the third;
US$135.4 in the fourth; and US$278.8 in the fifth quintile. This implies, using
US$393.5 as the annual standard voucher transfer in 1998, an increase that ranges
from 12% in the first quintile and of 71% in the fifth?°.

18 We also construct an index according to the difference between additional funds received
by municipal schools and those received by PS schools. The results obtained with this
index are similar to those presented here.

When we aggregate across geographical areas, we obtain that municipal schools always
receive more additional funds from the government than PS schools. Therefore, in the
first quintile, we are not making a comparison between municipal schools receiving low
additional funds, with PS schools receiving a lot of them.

The transfers increase the budget by 12% in quintile 1, 16% in quintile 2, 24% in
quintile 3, 34% in quintile 4 and 71% in quintile 5.

19

20
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When we run regressions by quintile (see Tables 5 and 6), we obtain the
result that students in the first 3 quintiles have TT results that are positive and
statistically significant (i.e. the students that attend PS schools have better scores
in PS schools). Even ATE estimates are statistically significant in the first 3 quintiles
on average. However, for the fifth quintile we obtain ATE and TT estimates that are
substantially negative. That is, the municipal schools that receive the most transfers
perform substantially better than PS schools. This implies that the results shown
previously are a combination of TT that are positive with this large and negative
TT, hence we are underestimating the TT effect when schools have similar per
capita subsidies.

The case that most approximates a pure voucher system, that of the
first quintile, shows a TT that is larger than when no consideration was made of
transfer differences. For language tests we obtain a difference of 23.7 (0.5 SDs, an
effect considered large in the literature). This result shows the importance of
attempting to appropriately incorporate the differences in the supply side. In the
second and third quintile we still find an effect of TT that is considered moderate
in the literature.

TABLE 5
AVERAGE TREATMENT EFFECT ON LANGUAGE TEST SCORES BY
TRANSFER QUINTILE (OR GEOGRAPHICAL AREAS)

Income group (1.000 Ch)
All <100 100200 200-300 300-600 >600

Average Test Score (ATS 2487 231.6 2455 258.5 2685 280.0
Test Soore Standard Deviation (TSSD) 476 44.6 455 454 46.1 47.2
ATE (PSMUN) by cuintile

1t quintile 57 09 56 101 11.9 235
() 30 @5 @4 (25 @4 @D
%of theATS 2% 0% 20 4% 4% 8%
%of the TSD 12% 2% 12% 2% 26% 50%
2nd quintile 6.1 -0.7 32 110 11.5 280
() 149 @6 13 @ @y @9
%of the ATS 2% 0% 1% 4% 4% 10%
%of the TSD 13% -1% ™0 24% 25% 59%
3rd quirtile 74 0.8 74 139 12.6 287
() s @13 a4  an @3 @Y
%of theATS % 0% 3% 5% 5% 10%
%of the TSD 16% 2% 16% 31% 2% 61%
4th quintile -3.6 -8.1 -31 09 -25 -0.8
() w @ @) (20 (3 63
%of theATS -1% -4% -1% 0% -1% 0%
%of the TSD -T% -18% -T™% 2% -5% -2%
Sthauirtile -75.2 -1722 -80.2 =777 -69.8 -68.1
() 29 @6 ©G) (G2 (GO (9
%of the ATS -30% -31% -33% -30% -26% -24%

%of the TSD -158% -162%  -176% -171%  -152% -144%
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TABLE 6
EFFECT OF TREATMENT ON THE TREATED ON LANGUAGE TEST
SCORES BY TRANSFER QUINTILE (OR GEOGRAPHICAL AREAS)

Income group (1.000 Ch$)

All <100  100-200 200-300  300-600 >600
Average Test Score (ATS) 2487  231.6 2455 2585 268.5 280.0
Test Score Standard Deviaion (TSSD) 476 44.6 455 454 46.1 472
TT (PSMUN) by quintile
14 quintile 237 21.0 23.2 2.3 24.3 35.2
(sd) (7.4 (7.8) (7.5) (7.4) (7.2) (7.0)
% of theATS 10% 9% 9% 10% 9% 13%
% of the TSSD 50% 47% 51% 56% 53% 75%
2nd quintile 140 79 9.9 16.4 16.1 319
(sd) (3.0 (32 (2.9) (2.8 (3.0) (4.0)
% of theATS 6% 3% 4% 6% 6% 11%
% of the TSSD 29% 18% 22% 36% 35% 68%
3rd quintile 16.0 10.0 9.9 16.4 16.1 319
(sd) 4.2 (4.2) (4.0) (4.2 (4.5) (5.2)
% of theATS 6% 4% 4% 6% 6% 11%
% of the TSSD A% 22% 22% 36% 35% 68%
4thquintile -20 -6.9 -2.0 2.0 -15 -0.3
(sd) (2.9 (3.0 (2.9) (3.1 (31) (3.9)
% of theATS -1% -3% -1% 1% -1% 0%
% of the TSSD -4% -15% -4% 2% -3% -1%
5th quintile -97.6 -92.7 -100.5 -99.7 -5 -95.0
(sd) 3.1 (4.2) (35) (3.6) (34) (4.2)
% of theATS 3%  -40% -41% -39% -35% -34%
% of the TSSD -205% -208%  -221% -219% -205%  -201%

It is also interesting to note that when including the differences in per
capita subsidies for municipal schools, the result that we are in the presence of
“absolute advantages” holds. The most notable case is possibly that of quintile 5,
in which there is absolute advantage but the best schools (the municipal schools
in this case) receive the worst students. This result needs further research and
could possibly be linked to the selection criteria used by these municipal schools
that have queues to enter.

As Figure 1 shows, for municipal schools, the distribution of test results in
the fifth quintile are substantially different from the rest even when not controlling
for anything. This is the effect we are capturing when we separate by transfer
quintiles in the estimation. It is important to note, however, that this result do not
imply that more resources unambiguously increases test scores: in the fifth transfer
quintile not only the average test score is higher (in municipal schools), but
also the variance. The coefficient of variation goes from 2.3 in the first quintile, to
9.0 in the fifth quintile. Therefore, some schools in the fifth quintile obtain higher
tests scores than those in the first quintile, but other schools in the fifth quintile
obtain lower test scores.
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7. SUMMARY AND CONCLUSIONS

The results of the empirical work show that there are important gains in test
scores associated with attendance to private subsidized schools. When we do
not take into account differences in per capita subsidies, those differences are
significant when we consider the expected gain for those students who actually
attend private subsidized schools (TT), the conventional parameter of interest in
programme evaluation. In contrast with some previous estimations, those gains
do not disappear when we control for personal and family characteristics of the
tested students.  Also, the estimates of the TT effect are very similar across
income groups.

Since these results do not address the problem of modeling the supply
structure, in the paper we attempt to partially control for these differences by
incorporating the supplements that municipal schools receive from municipalities
or the Ministry. When we do so, we obtain a higher ATE, and a higher TT in the
first three quintiles (with low supplementary budget), and a lower ATE and TT in
the fourth and fifth quintiles. In the first quintile, where municipal and PS schools
operate with a similar per capita subsidy, we obtain an estimated TT in the order of
0.4 to 0.5 standard deviations, wich is a large effect.

This result leaves us with an evaluation issue that will have to be taken up
in the future. If municipal schools receive a budget that is on average 70% larger,
and fluctuates from being 50% to 200% larger, they perform on average substantially
better than PS schools (a gain of 80-90 points in results that are on average of 250
points). However, when municipal schools receive less than 27% supplementary
budget (i.e., for 60% of the students), the results of PS schools are significantly
better. In the case of pure budget schools, that is, with low budgetary supplements,
PS schools provide a gain of approximately 23 points, for those attending PS
schools. This gain goes from 21 points for low income students, to 35 points for
high income students.

The voucher system in Chile is not a pure version since voucher schools
face differences in their per capita budgets and the relationship these budgets
have with attendance, implying differences in the incentive structure they face.
Municipal schools have several alternative sources of financing to the voucher.
Also, the proliferation of non-portable funding to schools diminishes competition.
This is aggravated by the fact that the budget per student does not vary according
to any accepted criterion. For example, if it varied inversely with parental education,
the way the value of the voucher is set would not limit the choices of the group of
students that is less endowed with human capital from the household, as it does
now. These issues represent a problem for the evaluation of the system, since the
differences in incentives and/or budget need to be taken into account, but have
not yet been studied. We hope our paper is a first step in this direction.



444 CUADERNOS DE ECONOMIA (Vol. 39, N° 118, Diciembre 2002)

REFERENCES

Aedo, C. (1998), “Diferencias entre escuelas y rendimiento estudiantil en Chile”, cap. 2 en
“La Organizacion Marca la Diferencia: Educacion y Salud en América
Latina”, Red de Centros del BID, BID.

Aedo, C. (1996), “Calidad de la Educacion y Elementos de Mercado™, capitulo 2 en
Educacion en Chile: Un Desafio de Calidad, ENERSIS.

Aedo, C. and Larranaga, O. (1995), “Educacion privada versus publica en Chile: calidad y
sesgo de seleccion”, mimeo, Programa de Postgrado en Economia, ILADES/
Georgetown University.

Bravo, D., Contreras, D., and C. Sanhueza (1999), “Educational Achievement, Inequalities
and Private/Public Gap: Chile 1982-1997”. Working Paper, Department of
Economics, Universidad de Chile, July.

Card, D. and A. B. Krueger (1996), “School Resources and Student Outcomes: An Over-
view of the Literature and New Evidence from North and South Carolina”,
Journal of Economic Perspectives, Fall, Vol. 10 (4).

Card, D. and Krueger, A. B. (1996), “Labor Market Effects of School Quality: Theory
and Evidence”, in Does Money Matter? The Lffect of School Resources
on Student Achievement and Success, Brookings Institution Press, edited
by Gary Burtless.

Carnoy, M. (1997), “Is Privatization Through Education Vouchers Really the Answer?
A Comment of West”, WBRO February.

Coloma, F. and G. Edwards (1997), “Analisis Economico de la Localizacion de Viviendas
Sociales”, Revista Estudios Piiblicos, N° 68.

Contreras, Dante (2001), “Evaluating a Voucher System in Chile. Individual, Family and
School Characteristics”, Documento de Trabajo No. 175, Facultad de
Ciencias Econdmicas y Administrativas, Universidad de Chile, marzo.

Cox, C. and M.J. Lemaitre (1999), “Market and State Principles of Reform in Chilean
Education™ chapter 4, in Chile: Recent Policy Lessons and Emerging
Challenges, WBI Development Studies, World Bank.

Eyzaguirre, B. y L. Fontaine (1999), “; Qué nos dice el SIMCE de Octavo Bésico?: Analisis
y Perspectivas™ en Serie Documentos de Trabajo N° 294, Centro de
Estudios Publicos, mayo.

Gallego, F. (1997), “La Economia de los Resultados del SIMCE: Un Analisis de la Educa-
cion Subvencionada en Chile”, Seminario de Titulo, Instituto de Economia,
PUC.

Gallego, F. (2001), “Incentivos, Recursos y Calidad de la Educacion: Teoria y Evidencia
para Chile”. Tesis para optar al grado de Magister en Ciencias de la Econo-
mia, Instituto de Economia, PUC.

Greene, Peterson and Du (1997), “Effectiveness of School Choice: The Milwaukee
Experiment”, Occasional Paper 97-1, Department of Government, Harvard
University.

Grogger, J. and D. Neal (1999), “Further Evidence on the Effects of Catholic Secondary
Schooling”, Working Paper.

Hanushek, E. (1986), “The Economics of Schooling: Production and Efficiency in Public
Schools”, Journal of Economic Literature, 24, 1141-1177.

Hanushek, E. (1995), “Interpreting Recent Research on Schooling in Developing Countries™,
World Bank Research Observer, August.



THE PERFORMANCE OF PRIVATE AND PUBLIC SCHOOLS 445

Hanushek, E., S. Rivkin and L. Taylor (1996), “Aggregation and the estimated effects of
school resources”, The Review of Economics and Statistics, 78, 4, November,
pp. 611-27.

Hanushek, E. (1996), “School Resources and Student Performance™ en Does Money Matter?
The Effect of School Resources on Student Achievement and Success,
Brookings Institution Press, edited by Gary Burtless.

Hanushek, E. (1998), “Conclusions and Controversies about the effectiveness of School
Resources”, en Economic Policy Review, Federal Reserve Bank of New
York, March, Vol. 4 (1).

Hanushek, E. (1998), “The Evidence on Class Size”, Occasional Paper 98-1, Wallis Institute
of Political Economy, University of Rochester, February.

Heckman, J. Layne-Farrar, A. and P. Todd (1996), “Does Measured School Quality Really
Matter? An Examination of the Earnings Quality Relationship”, Chapter 7
in Does Money Matter?, G. Burtless Ed., Brookings Institution Press, Was-
hington D. C.

Heckman, J., J, Smith and N. Clements (1997), “Making the most out of programme
evaluations and social experiment: accounting for heterogeneity in
programme impacts”, Review of Economics Studies 64, 487-535.

Heckman, J., H. Ichimura, J. Smith and P. Todd (1998), “Characterizing Selection bias
Using Experimental Data”, Econometrica, 66, N°5, 1017-1098.

Heckman, J., Lalonde, R., and Smith, J. (1999), “The Economics and Econometrics of
Active Labor Market Programs”, Handbook of Labor Economics, Volume
3, Ashenfelter, A. and D. Card, eds., Amsterdam: Elsevier Science.

Heckman, J. and E. Vytlacyl (2000a), “Policy Relevant Treatment Effects”, mimeo, Uni-
versity of Chicago, December (published in American Economic Review,
Papers and Proceedings, May 2001, 91(2): 107-111).

Heckman, J. and E. Vytlacyl (2000b), “Structural Equations, Treatment Effects and Econo-
metric Policy Evaluation”, unpublished manuscript (Fisher Schultz Lec-
ture) presented at the World Congress of the Econometric Society, Seattle,
WA.

Heckman, J., J. Tobias and Vytlacil (2000), “Simple Estimators for Treatment Parameters
in a latent variable framework with an application to estimating the returns
to schooling”, NBER Working Paper 7950.

Hoxby, C. M. (1998), “What Do America’s Traditional” Forms of School Choice Teach Us
about School Choice Reforms?” in Economic Policy Review, Federal Reser-
ve Bank of New York, March, Vol. 4 (1).

Hoxby, C. M. (1994), “Do private schools provide competition for public schools?”,
Working Paper N° 4978, National Bureau of Economic Research.

Jiménez, E. (1986), “The Public Subsidization of Education and Health in Developing
Countries: A review of equity and efficiency” World Bank Research
Observer, 1: 111-129, January.

Jiménez, Lockhead and Wattamaha (1988), “Relative Efficiency of Public and Private
Schools: the Case of Thailand” WBER, May.

Kremer, M. (1995), “Research on Schooling: What we Know and What we Don’t. A
Comment on Hanushek™, World Bank Research Observer, 10(2): 247-54,
August.

Lee, L. “Generalized Models with selectivity”, Econometrica, March, 51(2) pp. 507-12.

Maddala, G. S. (1983), Limited dependent and Qualitative Variables in Econometrics, New
York: Cambridge University Press.



446 CUADERNOS DE ECONOMIA (Vol. 39, N° 118, Diciembre 2002)

Mc Ewan, P. and M. Carnoy (1998), “Competition and Sorting in Chile’s Voucher
System”, mimeo Stanford University.

Mc Ewan, P. and M. Carnoy (1999), “The Effectiveness and Efficiency of Private Schools
in Chile’s Voucher System”, processed, World Bank.

Mizala, A. y P. Romaguera (1998), “Desempeiio Escolar y Eleccion de Colegios: La
Experiencia Chilena”, Documento de Trabajo N° 36, Centro de Economia
Aplicada, DII, Universidad de Chile. junio.

Mizala, A., P. Romaguera y D. Farren (1998), “Eficiencia Técnica de los Estableci-
mientos Educacionales en Chile”, Documento de Trabajo N° 38, Centro de
EconomiaAplicada, DII, Universidad de Chile, julio.

Mizala, A., P. Romaguera, and T. Reinaga (1999), “Factores que inciden en el rendimiento
escolar en Bolivia”, Documento de Trabajo N° 61, Serie Economia,
Departamento de Ingenieria Industrial, Universidad de Chile.

Mizala, A. and P. Romaguera (2000), “School Performance and Choice: The Chilean
Experience”. Journal of Human Resources, 35(2): 392-417.

Mizala, A. y P. Romaguera (2000), “Determinacion de Factores Explicativos de los Resul-
tados Escolares en Educacion Media en Chile”, Serie Economia N° 85,
Centro de EconomiaAplicada, Departamento de Ingenieria Industrial, Fa-
cultad de Ciencias Fisicas y Matematicas, Universidad de Chile, agosto.

Neal, D. (1998), “What have we Learned about the Benefits of Private Schooling?” en
Economic Policy Review, Federal Reserve Bank of New York,
March, 4 (1).

Neal, D. (1997), “The Effects of Catholic Secondary Schooling on Educational
Achievement”, Journal of Labor Economics, 15, N° 1.

Rounds, P. (1996), “Will pursuit of higher quality sacrifice equal opportunity in education?
An analysis of the education voucher system in Santiago”, Social Science
Quarterly, 77(4).

Rouse, C.E. (1997), “Private School vouchers and Student Achievement: an evaluation of
the Milwaukee Parental Choice Program™, NBER Working Paper 5964.

Sapelli, C. y Torche, A. (1999), “Determinantes de la Eleccion entre Colegios Publicos y
Privados”, Mimeo, Pontificia Universidad Catdlica de Chile, diciembre,

Tessada, J. A. (1998), “La Educacion en Chile: Nuevas Reformas y Revision de la Situacion
Actual”, Seminario de Titulo, Instituto de Economia, PUC.

Todd, P. and K. Wolpin (2000), “On the Specification and Estimation of the Production
Function for Cognitive Achievement”, Department of Economics,
University of Pennsylvania.

Tokman, A. (2001), “Is Private Education Better? Evidence from Chile”, mimeo,
University of California, Berkeley, April.

Vial, B. (1998). “Financiamiento Compartido de la Educacion”, Cuadernos de Economia
106, pp. 325-342, diciembre.

West, E. G (1997), “Education Vouchers in Principle and Practice: A Survey”, World Bank
Research Observer, 12:83-103, February.



THE PERFORMANCE OF PRIVATE AND PUBLIC SCHOOLS 447
APPENDIX 1: REGRESSION RESULTS
TABLEAL.1: OLS RESULTS
Language Test Scores
PS MUN
Coefficient Coefficient
Income;: 100-200 7.79 *** 6.99 ***
Income: 200-300 14.21 *** 11.56 ***
Income: 300-400 15.99 *** 14.41 ***
Income: 400-500 16.99 *** 16.16 ***
Income: 500-600 15.97 *** 19.27 ***
Income: 600-800 21.45 *** 18.67 ***
Income: 800-1000 19.19 *** 16.76 ***
Income: 1000-1500 23.19 *** 17.34 ***
Income >1500 28.22 *** 23.93 *¥**
Mother education: 4°-5° (primary) 220 0.68
Mother education: 6°-7° (primary) 5.82 *** 3.09 **
Mother education: complete primary 5.16 *** 5.15 ***
Mother education: incomplete High School 9.58 *** 7.92 ***
Mother educetion: complete High School 18.35 *** 17.85 ***
Mother education: incompl ete universty 26.18 *** 2743 ***
Mother education: complete university 28.79 *** 29.62 ***
Father education: 4°-5° (primary) -3.97 ** -2.95 **
Father education: 6°-7° (primary) -1.78 1.63
Father education: complete primary -1.13 0.05
Father education: incomplete High School -0.90 1.44
Father education: complete High School 8.40 *** 9.28 ***
Father education: incomplete university 15.84 *** 20.70 ***
Father education: complete university 16.77 *** 21.44 ***
Indigenous family -5.69 *** -6.59 ***
Condant 230.15 *** 220.49 ***
Number of observations 21687 24536
R-squared 0.1409 0.1338
F test of coeff.=0 (excluding the constant): Prob>F 0.0000 0.0000

* Statistically significant at 10% level.
**  Statistically significant at 5% level.

***  Statistically significant at 1% level.
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TABLE A1.2: SELECTION MODEL. ALL GEOGRAPHICAL AREAS

Language Test Scores
PS MUN

Coefficient Codfident
Income: 100-200 10.51%** 7.24%**
Income: 200-300 17.97%** 11.98***
Income: 300-400 19.62*** 14.83***
Income: 400-500 21.45%** 16.73***
Income: 500-600 20.84*** 19.94%**
Income: 600-800 25.27*** 19.17***
Income: 800-1000 23.31*** 17.35%**
Income: 1000-1500 29.06*** 18.23***
Income >1500 33.44*** 24.86***
Mother Education: 4°-5° (primary) 275 0.69
Mother Education: 6°-7° (primary) 6.32%** 3.14 **
Mother Education: compl ete primary 6.35*** 5.25%**
Mother Education: incomplete High Schoal 11.27*** 8.08***
Mother Education: complete High School 20.02*** 18.09* **
Mother Education: incomplete university 27.41*** 27.74%**
Mother Education: complete university 29.71*** 20.81***
Father Education: 4°-5° (primary) -3.77 ** -2.96 **
Father Education: 6°7° (primary) -1.60 1.63
Faher Education: complete primary -0.17 0.11
Father Education: incomplete High School 041 151
Father Education: complete High Schoadl 9.46*** 9.38***
Father Education: incomplete universty 16.77*** 20.80* **
Faher Education: complete university 17.37*** 21.58***
Indigenous family -5.57*** -6.64***
Constant 215.04*** 221.27***
Sdection equation ®
Income: 100-200 0.19%** -0.19***
Income: 200-300 0.32*** -0.33***
Income: 300-400 0.34*** -0.34***
Income: 400-500 0.48*** -0.48***
Income: 500-600 0.56*** -0.56***
Income: 600-800 0.40*** -0.40***
Income: 800-1000 0.45%** -0.46%***
Income: 1000-1500 0.71%** -0.71%**
Income >1500 0.73*** -0.74%**
Mother Education: 4°-5° (primary) -0.01 0.01
Mother Education: 6°-7° (primary) 0.04 -0.04
Mother Education: complete primary 0.07 ** -0.08 **
Mother Education: incomplete High Schoal 0.14*** -0.14%**
Mother Education: complete High School 0.19*** -0.19***
Mother Education: incomplete university 0.21*** -0.21%**

Mother Education: complete university 0.17*** -0.17***
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TABLE Al1.2: (CONT)

Language test scores
PS MUN

Coeffident Coefficient
Father Education: 4°-5° (primary) -0.0= 004
Father Education: 6°7° (primary) -001 0.01
Father Education: complete primery 0.04 -004
Father Education: incomplete High Schoadl 0.03 -0.02
Father Education: complete High Schod 0.0€ ** -0.0€ **
Father Education: incompleteuniversity 0.0t * -00€ *
Father Education: complete university 0.08 ** -0.08 **
Indigenous family -00E * 0.0€ *
Munidipal Schools by ki 0.0C*** 0.0C***
PS Schodsby kn? 0.0C 0.0C
studerts PSYMUNHPS 28c**x -2.83%x*
Constart -1BE*** 164%**
athrho 0.33*** -004
Insigma 378x** 37CH**
rho 0.32 -004
sigma 4384 2447
lambda 14.1C -1.88
Nurmber of dbservations 46223 46223
Censored observations 21687 24536
Log likelihood -139789.3 -155636
Wald test of coeff.=0 (exd uding the constant): Prob > x2 0.0000 0.0000
LR test of indep. egns (rho =0): Prob> X2 0.0000 0.1089

* statistically significant at 10% level.
** statistically significant at 5% level.

*** statistically significant at 1% level.

% As we noted before, the coefficients for the selection equations for the PS and MUN columns
are the same in absolute value, but with the opposite sign: the PS column shows the results for
the estimation of the probability of choosing a PS school, and the MUN column shows the
opposite.



TABLE A1.3. SELECTION MODEL RESULTS, BY TRANSFER QUINTILES
(GEOGRAPHICAL AREAS). LANGUAGE TEST SCORE

1¢ trarsfer quintile 2rd trarsfer quintile 3dtrander quintile Arthtrender quirtile 5th trarsfer quintile
PS MUN PS MUN PS MUN Ps MUN PS MUN
Coeffident  Codffidet Coeffident Codffidet  Ceeffident  Codffident  Coefficdent  Coeffident  Coeffidet  Coeffident
Income: 100-200 7.25*** 505 *** 10.55 *** 10.11 *** 1241 *** 533 *** 1023 *** 456 *** 830 *** 17.70 ***
Income 200-300 BE*** 1017***  1501***  11.09*** 2039 *** 646 ***  17.72%** 7A2%** 1639 *** 2477 ***
Income 300-400 17.89 *** 7.01 *** 17.79 *** 11.13 *** 15.96 *** 652 ** 22.89 *** 17.30 *** 1874 *** 19.87 ***
Income 400-500 B>+ 1251 1793***  17.0**  2005*** 099 2471 *** 724 20152 %% 2626 ***
Income: 500-600 9.00 * 1227 ** 1860*** 1856 **  21.05** 1025 * 27.90**  2045*** 2017 *** 2693 ***
Income: 600-800 19.06 *** 637 2476 *** 88 * 3A57* 1082 * 2670**  1673*** 2204 % D419 ***
Income 800-1000 2B3.40 *** -860 26.86 *** -7.46 1824 ** 5.80 2679 *** 9.02 1884 *** 34 ***
Income 1000-1500 3L.19 *** 432 3126*** 1108 266*** -5088***  3R63*** 1735 2607 *** 3040 ***
Income >1500 34.00 *** 748 3B50*** B ** 2009 ** 110 47.38*** 1747 345 ¥ 9B Fxk
Mother Education: £°-5° 138 174 -378 3.8 035 -230 6.72 * 281 6H * 590
Mother Education: &@-7° 5.01 327 422 2.62 7.75 ** 492 * 407 090 956 ** 761
Mother Educetion: complete primary 1177 *** 418 * 318 4.24 415 210 664 ** 10.72 *** 6@ * 585
Mother Educati on: inconyplete High School 138 **= 808***  1375%** 6.83 ** 6.98 ** 755 *** 1197 *** 916 *** Q8L *** 867
Mother Education: complete High Schod 2.9*%  1509%* 1905 *** 1264 %*  2105%*  1450***  1829***  2145*** 168 *** = 1206 **
Mother Education: inconplete university DB 2400%*  2021***  B@BF* 2B636r 096%** 2967**  R91** 2054** 1091 *
Mother Education: complete university 3LE***  26098**  3p27*** 47 R0 FPLI6*F* 2336%F 3983*F* 21B 1514 **
Fether Education 4°-3 9% ** -4.98 ** -021 55 * -368 -183 -374 305 -180 -1093
Fether Education 6>7P 091 264 -0.73 -190 -507 * 080 -1.70 6.32 ** 107 -750
Fether Education completeprimary 21 -223 19% 0.09 -451 01 217 443 * 12 139
Fether Education: inconrplete High School 195 031 -0.28 -1.66 -229 169 122 6.85 *** 147 -1.38
Fether Education competeHigh School 10.85*** B602** 1127 *** 157 6.07 ** 1339 *** 947***  1150*** 1006 *** 174
Fether Education: inconplete universty 16.21 *** 16.21 *** 18.10 *** 1075 *** 17.02 *** 2394 *** 1848 *** 2094 *** 1554 *** 710
Fether Education comp ete university BO7***  18265***  1851***  1345**  1876***  2003***  1512*** = 2628***  18(b *** 243
Indigenousfamily 5.8 -1 1163+ 875 *** -352 519 * -211 -1.73 233 085
Corstant 2084 ***  22371%*  21724*** 2246 ***  22194**  21970***  21422***  218090*** 21441 *** 20398 ***

0sy
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TABLE A1.3. (CONT.)

SHedionequetiona

Income 100-200

Income 200-300

Income 300-400

Income 400-500

Income 500-600

Income 600-800

Income 800-1000

Income 1000-1500

Income>1500

Mather Education: 4°-5°

Moather Education: 6°-7°

Mather Education: conmplete primery
Mather Education: incompl ete High Schod
Mather Education: complete High School
Mather Education: incompl ete university
Mather Education: conplete university
Father Education: 4°-5°

Fether Education: 6°-7°

Father Education: complete primary
Father Educatiort incompl ete High School
Father Education: complete High School
Father Education: incomplee university
Father Education: complete university
Indigenous family

Municipa Schod's by km2

PS Schools by k2

sudents PSMUNHPS

Condart

0.20 ***
0.41 ***
0.48 ***
Q.73 ***
0.6 ***
0.8 ***
0.0 ***
123 ***
130 ***

0.16***
0‘3 *kk
0.42***
0.56***
0.79***
04 *kk
0.37 **
1.20%**

<)
N
=

*
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Athrho 022 ** 013 020** 010 * Q7=+ 004 030**  D24** Q4L*** 141+
Lndgma 376%* 376*** 379%* 3B 3B 378+* 375** 378*** 3B 412%*
Ro 021 013 028 -010 0% o 029 024 (0K¢) 08
Sgma 287 BN 2440 4310 4386 4398 237 2401 4377 6163
Lanbch 912 542 238 -44 1184 -168 235 -1045 168 HA66
Nunber of aeervetians 10145 10146 88 82 BB 50 :] 9289 9289 832
Casored dosavetios 887 758 4225 4627 4“5 5153 5011 4778 510 220
Laglikeiood 26821 -AB8H706  -Z0B8&  -20467 28302 -P6%6 -318437  -2Z7/6083  -31402 2174361

Wddtetd codff -O(edudrgthecorgtay: 0000 OO0 000 000D  0QXO0 QMO0 OG0 0000 000D Q.00
Rcb>x2
LRtet finckp. eps (to=0: Rcb>y2 0672 02617 0000 004/ QD QS 0000 0000 000D QU0

* statistically significant at 10% level.

** statistically significant at 5% level.

**%* statistically significant at 1% level.

% As we noted before, the coefficients for the selection equations for PS and MUN columns are the same in absolute value within each transfer quintile, but with

the opposite sign: the PS column shows the results for the estimation of the probability of choosing a PS school, and the MUN column shows the opposite.
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APPENDIX 2

Description of the variables
In the test scores equations we included the following variables:

Income group: we included 9 dummies in the regression, the lowest
income group excluded. Income groups were constructed according to total family
income.

Father and mother education: we included 7 dummies for father’s and
mother’s educational level in the regression, the lowest educational level excluded.
Dummies were constructed according to years of education completed.

Indigenous family: we included a dummy for children who come from
indigenous families.

In the selection equations we included the previous variables, in addition
to the following:

Municipal and PS Schools by kn?’ in the geographical area (GA): we
included the number of schools per km2 in the geographical area, by type of
school. Geographical areas are defined by the province where the student attends
school, and by electoral district in Santiago Province (due to the large size and
population density of this province).

Ratio of the number of students in PS school and number of students in
subsidized (MUN+PS) schools in the GA: To estimate the number of students in
each school, we used information on the number of students in first grade (of
high school), in order to avoid a bias due to different dropout rates.

The construction of quintiles according to additional funds received by munici-
pal schools

In order to compare schools with similar budget, we run separate regressions
by geographical areas, according to the level of local and central government
funds received by municipal schools in addition to the voucher. For this purpose,
we used external information on municipal funds transferred to municipal schools,
and on school participation in two important central government programs.

We first separated the data set by province of residence, and by electoral
district in Santiago Province (due to the large size of this province). Then we
estimated the average municipal funds transferred to municipal schools per student
in each area, using the information on total funds transferred, and the total number



454 CUADERNOS DE ECONOMIA (Vol. 39, N° 118, Diciembre 2002)

of students by municipality. To estimate central government funds transferred to
the schools in addition to the voucher, we used information on Montegrande and
PME programs. Montegrande program assigned US$34.760.000 to 51 schools for
five years, or US$173.8 per student each year. In 1998, PME (Programa de Mejo-
ramiento Educativo) program assigned US$4.544.000 to 287 schools (considering
only high school), or US$28.2 per student approximately. We used the previous
information and information on the percentage of students attending Montegrande
and PME schools by geographical area, to estimate the funds received by munici-
pal schools per student in each area, and we constructed an index. Finally, we
ordered geographical areas according to the index, and constructed quintiles (each
quintile with approximately 20% of High School students)?>!.

Table A2 shows the number of students, average test scores, and upper
and lower bound of government funds received by municipal schools in addition
to the voucher for each quintile.

TABLE A2: NUMBER OF OBSERVATIONS, AVERAGE TEST SCORES
AND LOWER AND UPPER BOUND BY QUINTILES

Quintile Obsavaions. Obsavaions: Language Mah average Tata fuds Tatd funds:
laguegedta  nmethdaa  averagetest test core  lowe bound  upper bound

st st sore
14 quirtile 10145 10301 2465 2458 16537,3 271228,2
2nd auirtile 8912 9138 246,7 246,1 275712 32080,6
3rd quirtile 9608 9902 2448 2438 323394 48033,2
4th quirtile 9341 9580 2444 2414 50690,2 82075,9
5th quirtile 8373 845% 2630 2608 87566,7 363511,5

21 The central government programs not included to construct the index, such as MECE

and ENLACES, have an extensive coverage in the country, and the funds received per
student are very low. Hence, their inclusion does not alter the results.





