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Abstract

This dissertation consists of four essays on human capital, institutions, and incentives.

In the first essay, 1 investigate the effects of voucher-school competition on educational
outcomes in Chile. I present a theoretical model that produces three empirical predictions:
voucher-school competition 1) improves student outcomes; 2) may put stronger pressure on
public schools to increase quality; and 3) has weaker effects when public school budget con-
straints are softer. I exploit the interaction of the number of Catholic priests and the institution
of the voucher system as a potentially exogenous determinant of voucher school entry. Using
this instrument, I confirm the main predictions of my theoretical model.

In the second essay, I show that cross-country differences in schooling persist to the present
because colonial factors influence the extent of institutional variables, such as democracy and
political decentralization. By using the number of native cultures before colonization as an
instrument for political decentralization, I show that the degree of democratization positively
affects the development of primary education, whereas political decentralization is the more
important explanation for differences in higher levels of schooling.

In the third essay, coauthored with Robert Woodberry, we show that competition between
Protestant and Catholic missionaries increased schooling in former colonies. Qur evidence im-
plies that Protestant missionaries increased schooling in Catholic countries, and that the impact
of Protestant and Catholic missionaries on educational outcomes was similar when missionaries
of both denominations faced the same legal and institutional treatment. We interpret these
results in the context of an economic rationale in which different institutions created differences
in competitive pressures faced by Catholic and Protestant missionaries.

Finally, in the fourth essay, I investigate the evolution of the skill premium in Chile over
the last decades. I present evidence that patterns of skill upgrading in Chile have followed the
evolution of the same variable in the US, consistent with a model of endogenous technological
choice where new technologies are produced in developed countries and adopted in developing
econornies.
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Chapter 1

Introduction

While there is a growing consensus that human capital is an important determinant of the
welfare of individuals and countries, there are still many open questions about how to produce
human capital and about what the determinants of the returns of human capital are. In
this dissertation, I contribute to answering some of these questions using a combination of
analytical and empirical models. In the first three essays, I focus on the production of human
capital in formal education systems. In particular, I study how different institutional settings
(both at the macro and the micro levels) affect incentives provided to producers of education
(i.e., teachers, school principals, local government officials, or even missionaries). The general
answer offered by these three essays is that institutions do affect educational outcomes through
the incentives they provide to human capital producers. In the fourth essay I move to study
the determinants of the demand for human capital in an emerging economy (Chile) that uses
technologies produced abroad. The results suggest that the patterns of skill upgrading in Chile
have followed the evolution of the same variable in the US, thus suggesting that the demand

for buman capital is affected by the skill-bias of technologies developed in the “North”.

1.1 Outline of Thesis

The first essay analyzes the effects of inter-school competition on educational outcomes in the
context of the Chilean voucher system. Creating competition between schools is a cornerstone

of voucher school proposals. Proponents have argued that by creating competition, vouchers
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create stronger incentives for public schools to increase quality. However, critics counter that
school competition may increase student segregation and harm poor students. In parallel, a
line of research on the effects of inter-school competition on student outcomes has not reached
a consensus on the causal effects on academic outcomes. The first essay contributes to the
literature by studying the effects of inter-school competition on the academic outcomes of
Chilean students who attend publicly subsidized schools. Chile is the only developing country
that has operated the complete K-12 sector under a “quasi-voucher” system for a long period
of time (since 1981). Voucher schools (that is, private schools that receive a voucher for each
enrolled student) currently serve above 40% of all students. However, voucher school enrollment
varies widely across areas. While in 10% of the educational markets the voucher enrollment is
more than 50%, about 20% of Chilean municipalities have no voucher schools in operation.

The essay presents a Hotelling-type model, in which parents have heterogenous preferences
for different schools, to analyze the effects on student outcomes of having two types of schools
in a market: public schools with no direct incentives to produce quality beyond meeting a
minimum enrollment level; and voucher schools that face explicit competitive incentives. In
this context, the model predicts positive effects of voucher school entry on the quality offered
by both voucher and public schools (level effects). The model also predicts that the size of the
response of public schools to voucher school entry depends on the minimum enroliment level
needed by a public school to operate and on the size of the school age population (interaction
effects). Finally, the model suggests that voucher-school competition may put stronger pressure
to improve quality on public schools than on voucher schools.

As a potentially exogenous determinant of voucher school competition in different markets,
I exploit the interaction of the number of Catholic priests per person in 1950 in different areas
of Chile with the establishment of the voucher system in 1981. I show that the number of
priests per person is historically determined; and, Catholic priests are correlated with the entry
of both Catholic and non-Catholic voucher schools after 1981. I also document that the number
of priests per person had little effect on educational outcomes prior to 1981 and has a positive
effect on outcomes after the voucher system was established.

I estimate the level effects of the ratio of voucher-to-public schools on test scores in an

educational market for a cross-section of students in 2002. Because my reduced-form results
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imply that priests had little effect on educational outcomes before 1981, I use the number of
priests in different areas in 1950 as a potentially valid source of exogenous variation in the
supply of voucher schools during the post-reform period. I find that once I instrument for the
ratio of voucher-to-public schools in different educational markets, the entry of one voucher
school per public school in a market increases tests scores by about 0.14 standard deviations.
The results are similar for students attending both public and voucher schools, using different
measures of voucher school competition, and controlling for educational outcomes before the
voucher reform. In contrast, the OLS estimates do not show a strong effect of voucher-school
competition on test scores.

The data also support the existence of interaction effects of voucher school competition, as
predicted by my theoretical model. Public schools located in municipalities that have relatively
low minimum enrollment levels and big education deficits do not react strongly to voucher-
school competition. These results constitute a more demanding test of the predictions of my
model] and are hard to be explained by alternative theoretical models that may explain the level
effects of inter-school competition.

Overall, the evidence presented in the first essay is consistent with a theoretical rationale
that emphasizes the role of incentives provided by voucher-school competition.

In the second essay I move to a cross-country setup and provide some new evidence of
why educational attainment varies widely across countries. I study the connection between
historical variables, political institutions, and educational outcomes in former colonies. Theo-
retically, I argue that historical variables determine the distribution of political power among
different agents and affect the political institutions established in the past. These institutions
present a high degree of inertia and affect educational institutions and outcomes. I argue that
two important political institutions that affect schooling are democracy and local democracy
(decentralization of political power). My main hypothesis is that these political institutions
explain the effect of historical factors on past and current levels of schooling.

This hypothesis is also related with the literature on the determinants of the quality and
quantity of education. The literature suggests that the link between resources spent on ed-
ucation and quantity of education is stronger than the link between resources and quality of

education. While a salient feature of democracies is the ability to increase public expenditure
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in areas such as education, political decentralization tends to raise local pressures to increase
the efficiency of educational systems. This argument implies that democratic countries may
have better access to education and that decentralized democracies may have a stronger effect
on the efficiency of the educational system.

To test these hypotheses empirically, I use settler mortality, population density in 1500,
and pre-existing factor endowments as proxies for the historical factors that affect political
institutions. In addition, I use the number of native cultures before colonization as a source
of exogenous variation for political decentralization. The number of native cultures before
colonization affected the colonization strategy in each former colony. Colonizers tended to es-
tablish (or take up) centralized states in colonies with one (or no) strong ethnic group(s) and
relatively decentralized governments in colonies with several ethnic groups. Current political
structures resemble at least partially these initial structures. Thus, I expect areas where col-
onizers established more centralized states to have more centralized states in the present. By
using the number of native cultures before colonization as an additional instrument for polit-
ical decentralization, I am able to disentangle the effects of these two political institutions on
schooling.

My results suggest that conditions faced by colonizers and pre-existing factor endowments
affected the characteristics of educational systems established in the past. Cross-country dif-
ferences in schooling levels persist to the present because colonial factors influence the extent
of democracy and decentralization of political power. I show that the degree of democratiza-
tion positively affects the development of primary education, whereas the decentralization of
political power is the most important explanation for differences in higher levels of schooling,
such as secondary and higher education. Results suggest that the decentralization of school
management at the local level explains the effect of political decentralization on current levels
of schooling. These results confirm my hypothesis that while democratization should be more
relevant for variables related to the quantity of education (such as primary enrollment), decen-
tralization of political power should be more related with variables capturing differences in the
quality of education (such as years of schooling or secondary and higher enrollment).

In the third essay, jointly with Robert Woodberry, we continue studying the institutional

determinants of schooling in the context of the these colonies. In particular, this essay analyzes
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how national identity, religion, and institutions explain educational outcomes in the former
colonies by seeing how differences in market structure affected the provision of education by
Christian missionaries in former colonies. Christian missionaries were central agents in the
development of the educational systems in former colonies. In most former colonies, the first
schools were founded by missionaries (as in British colonies) or were managed by priests as
agents of the colonial power (as in most Belgian, Portuguese, and Spanish colonies). Inter-
estingly, different colonial powers had very different regulations affecting missionaries. While
in British and German colonies there was a relatively neutral policy allowing both Catholic
and Protestant missionaries to operate under similar conditions, in Spanish, Belgian, and Por-
tuguese colonies there were implicit or explicit policies favoring the Catholic Church. The poli-
cies ranged from those directly granting the monopoly of production of education to Catholic
groups (including harsh barriers of entry to non-Catholic groups) to those providing subsidies
to Catholic schools.

Economic theory predicts that these differences in the institutional environment should af-
fect missionaries’ productivity. Parents choose schools consider differences in school quality,
missionaries want to maximize the number of children that attend their schools, and produc-
tion of school quality is costly for missionaries. Thus while the productivity of Protestant
and Catholic missionaries should be similar in colonies where both groups have to compete
for students, Protestant missionaries should be especially productive in areas where Catholic
missionaries are protected.

This paper uses data on educational outcomes combined with detailed information on the
activities of Protestant and Catholic missionaries to examine their productivity in both Catholic
and Protestant countries. Our results support our theoretical predictions: while Protestant
missionaries were particularly productive in comparison to Catholic missionaries in places with
a Catholic state (i.e. with explicit protections to Catholic missionaries), Protestant and Catholic
missionaries were equally productive in areas where both groups were treated equally.

Finally, in the fourth essay, I study the determinants of the skill premium (i.e., the wage
differential between skilled and unskilled workers) in an emerging economy (Chile). Studying
the evolution of the wage premium has interest from at least two perspectives. First, the skill

premium is a rough measure of inequality among workers of different qualifications. Second, the
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evolution of the skill premium provides information on the characteristics of the development
process of the economy. A large body of the literature has analyzed the evolution of the skill
premium in developed and developing economies. In the case of developed economies, the
literature tends to emphasize the role of skill-biased technical (SBTC) change as a driving force
of the evolution of the skill premium. In the case of developing economies, the emphasis is more
related to the effect of reforms such as trade openness on wage differentials, albeit the results
are not uncontroversial. Some papers have tried to relate both literatures. Theoretically,
in a context where only developed countries produce new technologies, the skill premium in
developing economies —which adopt new technologies created in developed countries-should be
correlated with the skill premium in developed economies, controlling for the relative supply of
skilled and unskilled workers in developing countries. Empirically, some papers report positive
correlations between measures of skill upgrading in high and middle income countries for the
manufacturing sector in the 1970s and 1980s.

In this essay, I extend this line of research in three dimensions: (i) I explicitly study the
correlation between the wage premium and skill upgrading in a developed country (the US)
and a developing country (Chile) using macro time series, (ii) I extend the analysis to include
sectors outside manufacturing and data from 1960 to 2000, and to use a unique panel data set
which allows me to control for time and sector specific effects, and (iii) I study empirically the
theoretical implication that trade openness in the US should affect skill upgrading both in the
US and in Chile.

Chile is a particularly interesting case of study because it corresponds to a small open
economy that has undergone a significant change in its economic structure over the last 40
years. Starting in the mid 1970s, a process of economic liberalization has been implemented.
At the same time, I estimate in this paper that the skill premium has increased significantly from
the 1960s to the 1990s. In turn, the relative supply of skilled workers has increased signiﬁcantly
over the last forty years. This suggests that the relative demand for skilled workers has increased
significantly in the latter period.

The finding that changes in the relative demand for skilled labor are important leaves
open the question of what factors explain the recent evolution of the skill premium in the

Chilean economy. In this essay, I provide macro and sectoral evidence of a close relationship
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between patterns of skill upgrading in the US and Chile. As predicted by a simple model of
skill upgrading, macro time-series regressions imply that a proxy for the relative demand for
skilled labor in Chile is significantly correlated with skill premium and trade openness in the
US, after controlling for the traditional determinants presented in the literature. In turn, the
sectoral evidence presents the same conclusion: skill upgrading in Chile is correlated with skill
upgrading in the US, after controlling for sector and time effects. The sectoral evidence also
suggests that this effect is relatively stronger in the tradable sectors especially in the period of

economic liberalization (post 1975).
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Chapter 2

Voucher-School Competition,

Incentives, and Outcomes: Evidence

from Chilel

2.1 Introduction

Creating competition between schools is a cornerstone of voucher school proposals. Proponents
have argued that by creating competition, vouchers create stronger incentives for public schools
to increase quality. However, critics counter that school competition may increase student
segregation and harm poor students. In parallel, a line of research on the effects of inter-school
competition on student outcomes has not reached a consensus on the causal effects on academic
outcomes. While some papers find positive and significant effects of school competition and

school choice (e.g., Bayer and McMillan, 2005; Hoxby, 1994, 2000, 2005; Lavy, 2005; and

'T would like to thank Daron Acemoglu and Dora Costa for their continuous advice and com-
ments; Josh Angrist, David Autor, Miriam Bruhn, Ricardo Caballero, Dante Contreras, Alexandre
Debs, Amy Finkelstein, Julio Guzmdn, Jerry Hausman, Andrés Hernando, Daniel Hojman, Car-
oline M. Hoxby, Chang-Tai Hsieh, Borja Larrain, Jin Li, Norman Loayza, John Londregan, Bruce
Meyer, Arturo Ramirez-Verdugo, Casey Rothschild, José Tessada, Andrea Tokman, Sergio Urzua,
Bernardita Vial, and seminar participants at the Central Bank of Chile, Dartmouth College, the
U. of Chicago, MIT, Northwestern U., Princeton U., U.C.-Irvine, and Washington U.-St. Louis
for comments; the Ministry of Education of Chile for access to data, especially Mauricio Jélvez
and Claudia Matus; Sr. M. Jimena Alliende, Fr. Juan Diaz s.j., and Br. Aldo Pasalacqua for
information on Catholic schools; Gregory Elacqua for sharing information; and Pamela Siska and
Donna Zerwitz for editing help. The usual disclaimer applies.
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Sandstrom and Bergstrom, 2005), other papers do not find significant effects (e.g., Hsieh and
Urquiola, 2004; Rothstein, 2004, 2005).

This paper contributes to the literature by studying the effects of inter-school competition on
the academic outcomes of Chilean students who attend publicly subsidized schools. Chile is the
only developing country that has operated the complete K-12 sector under a “quasi-voucher”
system for a long period of time (since 1981). Voucher schools (that is, private schools that
receive a voucher for each enrolled student) currently serve above 40% of all students. However,
voucher school enrollment varies widely across areas. While in 10% of the educational markets
the voucher enrollment is more than 50%, about 20% of Chilean municipalities have no voucher
schools in operation.

This paper first presents a Hotelling-type model (Hotelling, 1929), in which parents have
heterogenous preferences for different schools, to analyze the effects on student outcomes of
having two types of schools in a market: public schools with no direct incentives to produce
quality beyond meeting a minimum enrollment level; and voucher schools that face explicit
competitive incentives. In this context, the model predicts positive effects of voucher school
entry on the quality offered by both voucher and public schools (level effects). The model also
predicts that the size of the response of public schools to voucher school entry depends on the
minimum enrollment level needed by a public school to operate and on the size of the school age
population (interaction effects). Finally, the model suggests that voucher-school competition
may put stronger pressure to improve quality on public schools than on voucher schools.

As a potentially exogenous determinant of voucher school competition in different markets,
I exploit the interaction of the number of Catholic priests per person in 1950 in different areas
of Chile with the establishment of the voucher system in 1981. I show that the number of
priests per person is historically determined; and, Catholic priests are correlated with the entry
of both Catholic and non-Catholic voucher schools after 1981. Enrollment in formally Catholic
voucher schools increases from at most 5% of the school-age population before the voucher

reform to about 14% in 2002.2 In addition, I present evidence that the entry of non-Catholic

2Notice that by the Cannon Law of the Catholic Church, a school is formally recognized as Catholic when
either (i) the Church directly appoints the school principal or (ii) the Church approves the apointment of the
school principal. Therefore, many schools that are related to the Catholic Church are not considered formally
Catholic.
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voucher schools is also related to priests and present some hypotheses to explain this correlation.
Moreover, before the 1981 reform, private school competition had no financial effects on public
schools because revenues of public schools did not depend in any way on enrollment in private
schools. Consistent with this, I also document that the number of priests per person had little
effect on educational outcomes prior to 1981 and has a positive effect on outcomes after the
voucher system was established. In other words, the potential validity of my identification
strategy relies on the assumption that Catholic priests were present in the pre-voucher period,
but that their effects on educational outcomes only became evident during the period when the
voucher system was established. The evidence supports this view.

I estimate the level effects of the ratio of voucher-to-public schools on test scores in an
educational market for a cross-section of students in 2002. This sample of students allows me
to test the predictions of my theoretical model using data for the post-reform period. Because
my reduced-form results imply that priests had little effect on educational outcomes before
1981, 1 use the number of priests in different areas in 1950 as a potentially valid source of
exogenous variation in the supply of voucher schools during the post-reform period. I find that
once I instrument for the ratio of voucher-to-public schools in different educational markets, the
entry of one voucher school per public school in a market increases tests scores by about 0.14
standard deviations. The results are similar for students attending both public and voucher
schools, using different measures of voucher school competition, and controlling for educational
outcomes before the voucher reform. In contrast, the OLS estimates do not show a strong effect
of voucher-school competition on test scores.

The data also support the existence of interaction effects of voucher school competition, as
predicted by my theoretical model. Public schools located in municipalities that have relatively
low proxies for minimum enrollment levels and high education deficits do not react strongly to
voucher-school competition. These results constitute a more demanding test of the predictions
of my model and are hard to be explained by alternative theoretical models that may explain
the level effects of inter-school competition. Some of these alternative theories are as follows:
(1) There may be direct effects of competition on parents’ or other schools’ information; i.e.,
parents or schools use the information provided by competitors to improve quality (Hoxby,

1994). (2) There may be reputation effects: yardstick competition among teachers who care
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about their performance in comparison to other teachers (Juerges et al. 2004); this effect
may be more relevant in markets with more comparison points.(3) There may be poaching:
good teachers signal their unknown characteristics and good (voucher) schools learn and hire
these good teachers. My results on the existence of the interaction effects of voucher-school
competition are hard to reconcile with these alternative explanations and support the work of
my model stressing the role of incentives on the behavior of public school agents.

This paper contributes to the previous literature on the effects of voucher school entry on
school quality in Chile (Auguste and Valenzuela, 2002; Carnoy and McEwan, 1998; Contreras
and Macias, 2002; Gallego, 2002; and Hsieh and Urquiola, 2004) by providing new IV estimates
using a potentially valid source of exogenous variation for voucher school entry (and providing
a number of indirect tests to support its potential validity) and presenting a theoretical model
that allows me to study the mechanism through which competition may affect the behavior of
public schools. The contribution in terms of having potentially valid instruments is relevant
because previously used instruments include variables like population size, urbanization rates,
or socioeconomic characteristics that likely do not meet the exclusion restrictions.

The reminder of the paper is organized as follows. Section 2.2 briefly describes the Chilean
education sector. Section 2.3 presents a theoretical model for framing the empirical analyses
of the paper. Section 2.4 presents the data used in this paper. Section 2.5 describes the
identification strategy. Section 2.6 presents the results of difference-in-difference regressions
using data on educational outcomes before and after 1981. Section 2.7 presents estimates of the
level effects of voucher-school competition on student outcomes using a cross-section of primary
students in 2002. Section 2.8 presents estimates of interaction effects and section 2.9 briefly

concludes. An appendix presents the proofs of some results of the theoretical model.
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2.2 Institutional Setting: Primary and Secondary Education in

Chile

Before 1981, the government in Chile was involved in the funding and provision of education, the
supervision and regulation of curricula, the handling of human resources, and investment.> The
1981 educational reform: transferred public education from the central to the local governments
(municipalities); established a per-student subsidy (voucher) to be received by voucher and
public schools depending on enrollment; allowed parents to choose among any publicly-financed
school; and allowed would-be schools to enter the market.*

Three types of schools emerged: publicly owned schools (managed by local governments),
voucher schools (owned by private agents), and non-voucher schools.> The first two types of
schools receive vouchers; the non-voucher private schools do not receive public funds, charge
high tuitions, and serve upper- income students. In 2004, voucher schools enrolled about 42% of
students in 2002 up from an enrollment rate of 15% in 1981. Public school enrollment dropped
from 78% in 1981 to 49% in 2002. The remaining enrollment corresponds to non-voucher private
schools, which I do not include in my sample.

Public and voucher schools present important differences in terms of their incentive struc-
tures and the amount of non-voucher resources they receive. Voucher schools tend to behave like
competitive firms, receiving revenues proportional to enrollment. While some voucher schools
are operated by for-profit firms, other voucher schools are operated by non-profit organiza-
tions that raise additional funds in a relatively competitive market for donations to be spent
in schools (Aedo, 1998).° In contrast, public schools work under “softer” budget constraints:
when needed, public schools that are losing students receive transfers, above and beyond the

vouchers to pay their expenses (Sapelli, 2003). In addition, while vouchers were the only public

*While the reform was formally enacted in 1981, Aedo-Richmond (2000) suggests that the reform began to
be implemented de facto around 1978.

'Larrafiaga (2004) and Sapelli (2003) present a more detailed description of the Chilean voucher system.

*A small group of subsidized private schools did operate before the 1981 reform. These schools enrolled
about 7% of the school-age population (estimates using data from the 2002 Social Protection Survey) and
were financed with small public subsidies and private donations (Aedo-Richmond, 2000). Gregory Elacqua
estimates that subsidized private schools enrolled about 12% of the students enrolled in schools in 1979 (personal
communication). Considering that enrollment rate was about 75% in the same period, subsidized private schools
enrolled about 9% of the school-age population.

“Gregory Elacqua estimates that about 63% (58%) of voucher school students were enrollmed in for-profit
schools in 1998 (1992). Notice that some for-profit schools are formally Catholic.
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intervention in the K-12 sector during the 1980s, governments during the 1990s channeled ad-
ditional resources to “vulnerable” schools and increased non-voucher spending. My estimates
are that about 30% of public expenditure in education for the average student is not related
to the voucher (data for 2002). In terms of teacher regulations, the public school teachers face
flat wage schedules and cannot be removed easily from their positions-only since the mid-1990s
could public school teachers be moved to other schools in the same municipality (Mizala and
Romaguera, 2004). The number of teachers per student is 25% higher in public schools than
in voucher schools (CENDA, 2002). And, public schools are highly unionized.” I use these
differences in the institutional environment that voucher and public schools face in the model
in Section 2.3.

The closing of public schools is a second institutional feature of the Chilean system that I
study in the model. The data suggest that about 8% of public schools stopped reporting test
scores during the 1990s. The most likely reason for this is that these schools were closed or
merged with other public schools. The closed schools tended to have fewer students than other
public schools and to under-perform relative to other public schools. Interestingly, the teachers’
union is now actively lobbying against the closing and merging of public schools. Moreover, the
opinions of teachers reported in Bellei et al. (2003) suggest that teachers do not want to be
moved from one public school to another. This evidence, in conjunction with the evidence on
fixed wages, suggests that public school teachers earn significant rents from working in public
schools.

Previous papers analyzing the effect of voucher school entry on academic achievement in
Chile include Carnoy and McEwan (1998) who use a panel of schools from the early 1980s to the
mid 1990s and find no effect of the share of voucher school enrollment on average test scores at
the school level. Given that the entry of voucher schools may be endogenous, all the other papers
in the literature present some instrumental variable approach to deal with the endogeneity
problem. These papers could be classified according to the time period studied. Hsieh and
Urquiola (2004) use the change in educational outcomes at the municipality level between 1982

and the early and mid 1990s and find no effect of the change in voucher school enrollment on

"The teachers’ union has strong political power and actively lobbies for additional benefits and against policies
aimed at providing performance incentives.
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outcomes. Even though the focus of that paper is on OLS estimates, Hsieh and Urquiola (2004)
also present some IV estimates using the size of the population, urbanization rate, and the
inter-quartile range of education in 1982 as instruments for voucher school enrollment.

These results contrast with other papers analyzing the effect of school competition on test
scores using data for the 1990s: Gallego (2002) using school level data for 1994-1997 and IV
estimates (the instruments are urbanization rates and population size) finds a positive effect of
voucher school enrollment on test scores; Contreras and Macias (2002) find a positive effect of
competition (measured using a Herfindah! index) on pre-college tests for 1998 using instrumental
variables (population size, area, lagged Herfindahl index, and availability of private schools,
among others). Auguste and Valuenzuela (2003) is the paper most directly comparable to
Hsieh and Urquiola (2004). They present both student and market level regressions for the
effect of voucher school enrollment on test scores using data for the late 1990s and find a
positive and significant effect of voucher school entry on test scores.

Differences in the time period studied are important to understand the differences in the
results between the paper by Auguste and Valuenzuela (2003) and Hsieh and Urquiola (2004).
It is hard to argue that the system operating in the 1980s was a real voucher system from
the point of view of several agents: (i) public school budgets were not affected by the voucher
reform (in part because the decentralization of public schools was not completed until the
late 1980s), (ii) employment of public school agents was quite rigid until the mid-1990s, (iii)
test scores were not public until the mid/late 1990s, (iv) local governments were not elected
democratically until 1992, and (v) the real value of the voucher decreased steadily during the
1980s and only recovered in the early 1990s. All these factors may explain why the effects are
positive in the 1990s (when the educational system was operating under rules that are closer to
the textbook version of a voucher system) and insignificant in the 1980s.> My paper presents

additional evidence of the positive effects of voucher school competition in the early 2000s.

® Another important difference between the 1990s and the 1980s is that test scores for the complete population
are only available for the 1990s. The test scores available for the 1980s possibly cover a highly selected sub-sample
of schools in some areas (personal communication with Erika Himmel who was in charge of the early tests). In
addition, there are no pre-reform test scores available-notice that Aedo-Richmond (2000) argues that the reform
started to be implemented about 1978.
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2.3 Motivating Theory

I present a simple theoretical model for studying the potential effects of voucher-school com-
petition on school quality. The model incorporates three groups of agents: parents deciding

among different schools, voucher school owners, and public school agents.

2.3.1 Agents

L parents are uniformly distributed over a linear neighborhood of length 1. The location of
parents along the linear neighborhood refers to their preferences for public and voucher schools,
which are located at the extremes of the city. In particular, let x denote location along the linear
neighborhood, public schools are located at z = 0 and voucher schools at z = 1. This modelling
approach formalizes the notion that public and voucher schools not only offer formal instruction
(i.e., measured in test scores), but also instruction in other areas, such as religious education
and civic values. I assume that parents have heterogeneous preferences about these school
characteristics and that schools cannot choose their location along the linear city (i.e., public
and voucher schools have intrinsic differences in the non-formal instruction they provide).’

The utility of a parent located at z is given by:
Uje = qj — tdja, (2.1)

where g; is quality offered by the school j and d;, is the distance from parents located at z to
school j. d captures the discrepancy between parents’ preferred instruction and the instruction
provided by school j. Therefore, ¢ is a “transportation cost” that measures the disutility per
unit of distance of sending children to a school that is not located at z. Parents choose the school
that maximizes (2.1). If two voucher schools offer the same quality, then parents randomize
among them.

There is only one public school in each neighborhood, but the number of voucher schools
(V) is endogenously determined in the model, given some number of would-be voucher schools

in an area (NP). The number of would-be voucher schools may be limited, because school

1 could generate spatial differentiation in equilibrium by adding more structure into the cost functions (Tirole,

1988).
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quality is a good whose reputation is important. School quality is provided after students are
enrolled; therefore, voucher schools may “hold up” parents and not fulfill their initial offers
of quality. In a context of incomplete contracts, only voucher schools with good reputation
or that can signal that they are not opportunistic agents are able to enter the market and
generate a positive demand. In addition, cultural and social factors may constrain the number
of acceptable voucher schools.!”

Owners of voucher schools decide simultaneously whether they enter the market and what

quality they provide (gy ). Profits of voucher school i are given by:

I = [(v = ¥ (qvi))nv; — F, (22)

where v is the per-student voucher, ¢V (-) is the unitary cost of providing quality gy, ny is the
number of voucher school students, and F is a fixed cost. I assume c"’/ (-) > 0 and that quality
offered by voucher schools has to be above a minimum level q{}’f .

In terms of public schools, mayors (who manage public schools in a municipality) face an
agency problem; in contrast to voucher schools, public schools cannot use variable wages and
other forms of explicit incentives to implement their optimal choices. Thus, public school agents

(teachers) decide the quality that public schools provide (gp) by maximizing:
{y—cPlgp) + R 1[n, > 7]}, (2.3)

where y is income of teachers, which is fixed, cF (-) is the effort cost of providing quality gp
(c” () > 0), 1[np > 7| is an indicator function that takes a value of one if np > 7 and a value
of zero otherwise, np is the number of public school students, 7 is the minimum enrollment
level, and R is a positive constant that captures rents of public school agents that are lost if
the public school closes. The public school closes when its enrollment is below the minimum

enrollment level or its quality is below qu\” .

Survey data from Chile suggest that, indeed, there are limitations in the supply of voucher schools. Lehmann
and Hinzpeter (1997) report that in 1996 about half of the parents with children in public schools wanted to have
their children in voucher schools. In 2001. while 39% of middle-income parents had their children in voucher
schools, 66% preferred a voucher to a pubic school. Results for low-income parents are similar: while 21% of
these parents had their children in voucher schools, about 50% preferred a voucher school.
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The public school budget is:
[((v—o0)np— F+ NV],

where NV is a non-voucher transfer and o is a per student cost. I assume that only non-voucher
transfers vary across public schools. The minimum enrollment level of each public school is the
enrollment level associated with a balanced public school budget, which is given by:

F-NV

v—0

7=
Since, in the model, only NV varies across public schools, 7 is determined by changes in NV.!!

2.3.2 Equilibrium

The timing of events is as follows:

1. First, a finite number N¥ of voucher schools simultaneously decide whether they enter

the market and the quality they provide (qv).
2. Next, public school agents decide the quality they provide (gp).

3. Finally, parents decide to which school to send their only child.

The symmetric subgame perfect equilibrium of this model is characterized by values for

qpr,qv,, N,np, ny, and ny;, such that:

o Quality offered by all voucher schools is the same, i.e., gy, =gy V V;.
o Parents maximize (2.1) by selecting among available schools.
e Public school agents maximize (2.3) by selecting public school quality.

e N<NP.

I Non-voucher transfers could be understood as soft budget constraints. In this case, the model in Robinson
and Torvik (2005) could be used to explain why in a political economy equilibrinm, the central government can
be willing to transfer public money to public school agents.
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e II; > 0, and the N voucher schools that have entered the market maximize (2.2) by

selecting voucher school quality.

To solve the symmetric subgame perfect equilibrium of the model, I use backwards induction,
starting from parents’ choices. Parents choose a school to maximize (2.1). Aggregating their
decisions, I derive the demand for public and voucher schools, as stated in Result 1 (proofs of

the theoretical results are presented in the Appendix):

Result 1 Enrollment in the public school and voucher schools is, respectively:

L if N =0
np = _ )
L(E +1) ifN>0
0 ifN=0
ny, = vV V..

L5 +1) fN>0

School quality is determined by maximizing utility of public school agents, given Result
1. Note that maximization of Equation (2.3) implies that either the minimum quality or the
minimum enrollment constraint is binding in equilibrium. Condition 1 states the case in which

the minimum enrollment constraint binds.

Condition 1 (Minimum Enrollment Constraint Binding)

no1 S qf\p/! —qy
(-3 2
L 2 2t
Condition 1 is quite intuitive and states that the minimum enrollment level is more likely to
be binding when the minimum enrollment is high relative to the population and the difference
between minimum public school quality and voucher school quality is large.

Result 2 presents the optimal public school quality.

Result 2 1. If Condition 1 holds, optimal public school quality is given by:

a if N=0
gp = ]
26(% - 3) +qv otherwise
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and, enrollment in public schools is given by:

L if N=0
np = .
otherwise

=

2. If Condition 1 does not hold, optimal public school quality is given by:

ap = q¥,

and, enrollment in public schools is given by:

L if N=0
e L(Z5%+3) #N>0
The intuition of this result is that only one of the two constraints is binding in equilibrium.
Thus, if there is no voucher school in the market, then public school agents offer the minimum
quality, qﬁ. The same result emerges if the minimum enrollment level is not binding. In
contrast, if the minimum enrollment constraint binds, then public school agents have to produce
a (higher) quality level, such that the public school has exactly the number of students needed
to satisfy the minimum enrollment level.
Finally, regarding the behavior of voucher schools, I first determine the number of voucher
schools that have non-negative profits if they produce the minimum quality level (q{}” ), assuming
no restriction on the number of would-be voucher schools. I denote this number of schools as

N*. 1 analyze below the case in which there are a limited number of would-be voucher schools.
Result 3 1. N*=0ifny(v—c" (¢)f)) < F.

2. N*>0ifny(v—c (q{\/’])) > F. N* is given by:

N e e @) < F < o= @),

This result highlights an important property of the model. Namely, that N* depends

positively on the total enrollment in voucher schools which, in turn, depends negatively on
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public school quality (See Result 1). Therefore, this model predicts that the better the public
schools in an area are, the lower is the number of voucher schools operating in that area.
Even though the model is deterministic, when I move to the empirical analyses, I could extend
the model to have some randomness (e.g., in enrollments) and get the result that there may
be reverse causality from public school quality to the number of voucher schools in an area.
Therefore, OLS estimates of the effect of voucher-school competition are downward biased. This
bias suggests using instrumental variables to identify the causal effect of the number of voucher
schools on public school quality.

Next, the actual number of voucher schools depends on the availability of would-be voucher

schools in a market.

Result 4 The number of voucher schools operating in a market is:
N =min (N*,NF).
Finally, the next result determines the optimal quality level offered by each voucher school.

Result 5 If Condition 1 holds, quality offered by voucher schools is:

qy if N=1and NP =1
qQqv = _ -
cV‘(v—g{ﬁ) if N>1 and NP > 2

If Condition 1 does not hold, quality offered by voucher schools is:

M:Qt%ﬁ if N=1and NP =1

V'(qv)

qv : .
qv-:cv_l(v—y) if N>1 and NP >2

This result highlights the role of competition in creating incentives for voucher schools to
increase quality. In the case when N =1 and N¥ = 1, the single public school does not face
potential competitors, chooses the minimum quality level (qy ) and earns rents in equilibrium.
In contrast, when N¥ > 2 and N = 1, the existence of potential entrants creates incentives

for the incumbent voucher school to increase quality until profits are equal to 0. Similarly,
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when N > 2, the existence of potential competitors creates incentives for incumbents to offer a
quality level such that profits are equal to 0 in equilibrium.

Results 1 through 5 allow me to characterize the equilibrium quality given different para-

meter values. This is presented in Proposition 1.

Proposition 1 (Equilibrium Public and Voucher School Quality) If Condition 1 holds

in equilibrium, public and voucher school quality are given by:

g if N =0
@ = 23 — ) +q¥f fN=1and NP =1,
2(E - D+ (v-£E) FN21and NP >2
g if N=1and N* =1
v = _ :
& (v-$E) N >1and NP 22

If Condition 1 does not hold in equilibrium, public and voucher school quality are given by:

gp = gqp VN,
:-X%%:mv if N=1and NP =1

v v=¢" (v-2F) ifN>1and NP 22

To focus on the most interesting cases for the purposes of this paper and to reduce the
number of possible cases, I discuss mainly the case in which the minimum enrollment constraint
binds in equilibrium (Condition 1). This seems the most plausible case for Chile.!? When
Condition 1 is violated, public school quality does not depend on the number of voucher schools.
In turn, voucher school quality is an increasing function of the number of voucher schools in the
market. When Condition 1 holds, the minimum enrollment level is binding; therefore, public
school quality also depends on the number of voucher schools in the market, because public

schools respond to voucher school quality in order to achieve the minimum enrollment level.

S . - M_
“2Condition 1 is supported by the data. The Chilean data suggests that: —0.06 ~ (% — %) > e dv 2tq ~

=:16-.03 ~ —0.12. I estimate ¢ from a regression of “# on gp — qv. 1 approximate q¥ using the average test

scores of public schools when N = 0, and gy using the average test scores for voucher schools in markets with

N=1
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Proposition 1 allows me to study the effects of increases in N¥ on public and voucher school
quality. These comparative static exercises are closely related to my empirical analysis in this
paper, which uses a potentially valid source of exogenous variation of N. In the remainder of
the model, 1 only consider the case in which N < 2, which is the relevant interval for Chile,

because the ratio of voucher-to-public schools is less than 2 in 95% of the educational markets.

Corollary 1 (Level Effects) If Condition 1 holds in equilibrium and N < 2, an increase in
NP that increases N has a positive effect on equilibrium voucher and public school quality .
If Condition 1 holds in equilibrium and N = 1, an increase in N¥ from 1 to 2 has a positive

effect on equilibrium voucher and public school quality.

Intuitively, when N increases from 0 to 1, the public school increases the quality offered
because the minimum enrollment constraint becomes binding. When NV increases from 1 to 2,
the incumbent voucher school has to increase its quality until rents are dissipated, because the
entering voucher school offers a higher level of quality. In this case, the public school has to
respond to the increase in voucher school quality in order to meet the minimum enrollment
constraint. The second case stated in Corollary 1 highlights the effects of increasing potential
competition when the market is such that only one voucher school operates. In this case,
potential competition creates incentives for the incumbent voucher school to increase quality
until profits are dissipated.

Corollary 2 presents another interesting theoretical implication of an increase in N that is
caused by an increase in N¥. This corollary resembles an empirically relevant case for Chile
because public schools in about 85% of the educational markets face competition from at most
one voucher school and, as previously mentioned, the ratio of voucher to public schools is less
than 2 in 95% of the educational markets. Thus, this corollary produces theoretical predictions

related to the variation I observe in the data.

Corollary 2 (Public vs. Voucher School Response to Competition) Let qjv denote equi-

librium quality of school j when the number of voucher schools in a market is N. Define zp
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and zy:

= 4l 0
zp = qp—4gp, and

@ — b

v

If Condition 1 holds in equilibrium and N increases initially from 0 to 1 and next from 1

to 2 as a consequence of an increase in NP

1. If zp > zy, public school quality responds more strongly than voucher school quality to an

increase in voucher school competition.

2. If zp = zy, public school quality and voucher school quality respond the same to an

increase in voucher school competition.

3. If zp < zy, public school quality respond less strongly than voucher school quality to an

increase in voucher school competition.

The comparative static exercise in Corollary 2 implies that voucher school competition
could put stronger pressures to increase quality on public schools than on voucher schools.
Theoretically, there is no restriction to the relative response of both voucher schools to the
comparative static exercise presented in Corollary 2. For instance, public school quality may
be more responsive when the difference between minimum voucher school quality (¢¥) and
minimum public school quality (qﬁ"’ is sufficiently large, which produces a tremendous increase
in public school quality in order to meet the minimum enrollment level. On the contrary, if
g — ¢¥ is small or the minimum enrollment level is sufficiently small, then voucher schools’
response to competition may be greater. The empirical results in this paper suggest that both
types of schools respond similarly to voucher school competition.

Finally, Proposition 1 implicitly states that the response of the public school to an increase
in the number of voucher schools produced by an increase in N¥ depends on how binding the
minimum enrollment constraint is. The minimum enrollment constraint is more binding when
the school age population is large or when non-voucher transfers are large. Corollary 3 states

this result.

34



Corollary 3 (Interaction Effects) If Condition 1 holds in equilibrium and N increases from
0 to 1 as a consequence of an increase in N¥, then the lower the minimum enrollment level
(the more the non-voucher transfers there are), the lower is the response of the public school to

the entry of a voucher school in the market.

The predictions of Corollary 3 are quite intuitive. Public schools with more stringent incen-
tives in the form of harder enrollment levels have to increase quality more when a voucher school
enters the market. This corollary clearly illustrates the working of the model in terms of the
mechanism that makes voucher schools increase quality when facing voucher school competition.

In summary, the most important empirical prediction of the theoretical framework presented
in this section is that public and voucher school quality should increase as the number of voucher
schools in a market increases exogenously. In addition, there should be interaction effects: the
public school response to exogenous changes in voucher school competition depends on how
binding the minimum enrollment is. This result illustrates the theoretical mechanism at work
in the model, which is basically related to the implicit incentives that the minimum enrollment
constraint gives to public school agents. In addition, the theory predicts that the response of
public schools to an increase in the number of voucher schools in a market may be greater than
the response of voucher schools if the minimum public school quality is sufficiently low. Finally,
the theory also suggests that the number of vouchers in a market is endogenous to public school

quality. This suggests the use of instrumental variables in the empirical analyses of this paper.

2.4 Data

I use several datasets in this paper. Table 1 presents the variables used, the level at which
each variable is collected, and the descriptive statistics of each variable. I use data on students’
educational outcomes, their backgrounds, parent preferences, school characteristics, and the
characteristics of the area where they attend school from the dataset of the 2002 SIMCE (Sis-
tema de Medicion de la Calidad de la Educacidn) test, which was administered to 4th graders.
This test has been given nationwide since 1988 to more than 90% of students in a different
grade each year (4th, 8th, or 10th graders). I use the average of the Math and Spanish portions

of the test (standardized to have an average of 0 and a standard deviation of 1) as my measure
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of academic outcomes. I use income per household member and mother’s education to measure
the socioeconomic background of students.'?

Second, I use the CASEN ( Encuesta de Caracterizacién Socioeconémica) 2000 survey, which
collects information on socioeconomic variables for a representative cross-section of the pop-
ulation. I use a high school graduation dummy as a measure of educational attainment for
members of different cohorts that attended school in different places. Third, I use the 2002
Social Protection Survey (called “Labor History and Social Security”), which collects life-time
information for a sample of individuals. I use information on high school graduation rates at the
market level for individuals attending school before the 1981 reform, the migration decisions
of parents with school-age children in 2002, and information on the type of school attended
(public, subsidized private, and paid private).

I measure the degree of voucher school competition as the ratio of voucher schools to public
schools in each educational market. I use 297 municipalities and the Metropolitan Area of
Santiago as proxies for local educational markets. Municipalities are separate educational mar-
kets because, with the exception of municipalities in the Metropolitan Area of Santiago, most
students attend schools in the town where they live (Hsieh and Urquiola, 2004; and Sapelli
and Vial, 2002). Data on the availability of schools in each market come from the Ministry of
Education files.

Data on religious variables at the diocese level related to my identification strategy come
from the yearly publication by the Vatican called Annuario Pontificio (the number of priests,
the share of Catholics, and the ratio of order to total priests in each Chilean diocese).!4
I also use other sources of data in some empirical exercises. Data on Catholic schools

come from the school directory of the Chile Catholic Church (http://www.feducech.cl/ and

131 use five categories to measure mother’s education (having attained at most primary education, secondary
general education, secondary technical education, post-secondary technical education, and college or postgraduate
education).

“1n particular, I use data on priests per-capita for 1950 from Annuario Pontificio. I estimate the number
of priests in the different dioceses in 1950 by considering the territorial division existing in the 1990s (which
includes 26 dioceses) and the number of priests in 1950. I make this adjustment because some dioceses (namely
Santiago) included disproportionately big areas of population in 1950. Between the 1960s and the 1990s, new
dioceses appeared when some dioceses were split up—so the number of dioceses increased from 19 to 26. I assume
that the distribution of priests within the split dioceses is given by the distribution when the new dioceses were
created (the distribution of priests within dioceses in the following periods is quite stable). In all the empirical
applications, I cluster standard errors at the 1950 dioceses level.
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http://www.iglesia.cl/). Data on municipal variables such as expenditures per student and the
size of public schools come from the Chilean Municipal Dataset (available at http: //www.sinim.cl/).
Finally, I use information on electoral outcomes at the municipality level from the Chilean Elec-

toral Office, when analyzing the interaction effects of inter-school competition.

2.5 Identification Strategy

One major challenge for an empirical analysis of the relationship between voucher school compe-
tition and educational outcomes is the potential endogeneity of the number of voucher schools.
In this section, I argue that the interaction of the number of Catholic priests per person in 1950
and the school reform of 1981 allows me to identify the exogenous variation in the number of
voucher schools in different educational markets.

The potential endogeneity between the number of voucher schools and public school quality
can be illustrated using the model in Section 2.3, in a context with randomness. Increases
in minimum quality (¢%) or minimum enrollment (7) decrease the number of voucher schools
operating in an area and have a positive effect on quality offered by public schools. Thus,
entry into the market is endogenous to public school quality; therefore, simple correlations or
OLS estimates will produce downward biased estimates of the causal effect of voucher-school
competition on educational outcomes. Alternatively, OLS estimates could be biased upward if
voucher school entry responds to some unobserved (to the econometrician) characteristic of the
market that has a positive effect on school quality.

My identification strategy exploits the interaction of the (log of the) number of Catholic
priests per person in 1950 and the 1981 reform to identify the exogenous variation in the number
of voucher schools in an area, after controlling for the share of Catholic population.!® The basic
motivation for this identification strategy is two-fold. On the one hand, there are direct effects
of priests on Catholic schools. The involvement of priests in educational activities is understood
as a key element of their religious mission (Garrone, 1977). However, although Catholic priests

were involved in schools before the reform (my estimates are that at most 5% of the school-age

"By controlling for the share of the Catholic population, I take into account potential direct effects of this
variable on educational results (as suggested by recent research on the effects of religious affiliation on income,
education, and other social and economic variables, e.g., Barro and McCleary, 2003 and Gruber, 2005).
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population attended Catholic schools that were publicly subsidized),'% there is a big increase in
the enrollment in Catholic voucher schools after the reform, increasing to a level close to 14%
of the school-age population in 2002. This increase takes place along three margins: (i) new
Catholic schools were installed, (ii) existing Catholic schools increased in enrollment,!” and (iii)
former paid Catholic schools became voucher schools after the reform.!® ¥ The main reason
for this big increase in enrollment in Catholic voucher schools is that only after the reform did
Catholic schools start to receive vouchers (the voucher represented an increase of about 160% in
the value of the subsidy received by Catholic schools from the government),?® allowing priests
to establish new schools or to expand enrollment among middle- and lower-class students.

Priests are important actors in Catholic schools. These schools can be owned directly by
the Church, by religious orders, or by people supported by the Church, but they always have at
least one priest acting as a chaplain. Currently, priests tend to focus on pastoral ministries (e.g.,
being chaplains and teaching religious education classes) and on the management of schools.
In terms of time requirements of being a priest in a school, priests have to spend a significant
amount of time working with students, teachers, and parents. Priests working in schools receive
wages that are comparable to those of other teachers. Pasalacqua (2004) reports that about 5%
of the teaching staff and 10% of the non-teaching staff in Catholic voucher schools are religious
personnel (including not only priests, but also brothers and nuns).

In addition, there may be effects of priests on the establishment of non-Catholic schools.

16These estimates are computed as follows: the Social Protection Survey implies that 7% of the members of
pre-voucher cohorts attended subsidized private schools. Numbers in Brahm et al. (1971) imply that 68% of
pre-reform enrollment in subsidized private schools was in Catholic schools. Then, I estimate that 4.8% of the
school-age population attended Catholic subsidized schools before the reform.

!7Brahm et al. (1971) report that the average size of a Catholic subsidized school was 269 students in 1971,
in comparison to an average of 652 students in 2002 (data from Pasalacqua, 2004)

18 Unfortunately, there are no systematic data on enrollment in Catholic schools before and after the reform.
My estimates, using data from Pasalacqua (2004), are that 25% of enrollment in Catholic voucher schools in 2002
corresponds to brand new Catholic schools and between 15 and 25% of the enrollment corresponds to schools
that became voucher schools after the reform.

19 Anecdotal evidence from one of the most important Catholic groups in Chile (the Marist brothers) may
help to understand the increase in enrollment in Catholic voucher schools after the reform. Enrollment in
Marist schools was 5,000 students in 1980, with about 10% of these students in subsidized schools. In contrast,
enrollment was 14,800 in 2002, with 40% corresponding to voucher schools. About two thirds of enrollment
in voucher schools corresponds to schools established after the reform (Personal communication with Br. Aldo
Pasalcqua).

2This value is computed as follows. The intial value of the voucher was 30% higher than expenditure per
student in public schools before the reform. Before 1981, private schools received on average 50% of public schools
expenditure per-student (Hsieh and Urquiola, 2004). Therefore, the nominal value of the voucher increased by
160%.
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First, as previously discussed, the formal definition of a Catholic school is restrictive; therefore,
there may be some schools that are somewhat informally related to the Church.?! Second,
some non-Catholic voucher schools may have been established by former teachers of Catholic
schools (or even priests/nuns that retired from their religious orders). A slight variation of
this mechanism is non-Catholic voucher schools that establish religious practices, names and
curricula in their schools to try to mimic Catholic schools in the same area. And, third, the
propensity of parents to send their children to private schools may be affected by the presence
of old Catholic schools (and, therefore, priests) in the same area. I do not have systematic
evidence of these three channels, but I present evidence in the next two sections that (i) priests
are correlated with the entry of non-Catholic schools, and (ii) priests do not affect the propensity
to attend Catholic vis-a-vis non-Catholic voucher schools at the individual level.

In addition, there is a fundamental change in the incentive scheme related to the 1981
reform. Even if enrollment in Catholic schools were constant after the reform, the effect of
priests on the behavior of public schools changes dramatically: from a system where public
school funds did not depend at all on enrollment in private schools to a system where total
funds are fixed and are allocated proportionally to enrollment. The actual degree of school
choice should have changed dramatically during the reform period even if the enrollment in
private schools were the same. This further motivates using the interaction of priests in 1950
and the establishment of the voucher system as an instrument for voucher school competition
and expecting the effects of priests to be significantly bigger over the voucher period.??

Finally, the number of priests per person is historically determined and varies widely across
Chilean dioceses, despite the majority of the population being Catholic.?2 While the average
diocese has a ratio of about 0.15 priests per 1,000 people, the diocese with the highest ratio

2! Again, I have no systematic data to quantify this hypothesis, but two examples may help understanding the
magnitude of this phenomenon. About 40% of enrollment in voucher schools related to the Jesuits (through Red
Educacional Ignaciana and Fe y Alegria Chile) is not counted as enrollment in Catholic schools. Most of these
schools were established after the reform. Similarly, enrollment in the (two big) Opus Dei voucher schools in
Santiago is not counted as in Catholic schools because Opus Dei schools are not related to the local bishop.

*?Bayer and McMillan (2005) present a theoretical discussion on why choice and competition are not synonyms
and provide examples of situations in which the same degree of choice is associated with different degrees of
competition under different institutional and technological regimes.

**In the Catholic Church, a diocese is an administrative territorial unit, composed of many parishes and
governed by a bishop. Technically, each diocese is independent of the others and the bishop only responds to the
Pope.
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(0.23 priests per 1,000 people) has more priests per person than most Latin American countries;
and, the diocese with the lowest ratio (0.06 priests per 1,000 people) is comparable to what is
observed in a poor (and non-Catholic) country such as Kenya. The variation in the number of
priests across Chilean dioceses has to do mainly with the fact that religious orders are more
numerous in some areas than others.

Religious orders established themselves in a non-uniform way in different dioceses in the
past. The allocation of orders to different dioceses was related mainly to the desire to bring
priests to some Chilean areas beginning in the mid nineteenth to the mid twentieth centuries
(Aliaga, 1989; Araneda, 1986; Barrios, 1992). Some areas ended up with more order priests
because the bishops of some dioceses either belonged to orders themselves or were more open
to receiving order priests. While 71% of the order priests in Chile in 2002 belonged to orders
that entered the country between 1810 (the year of independence) and the 1950s, only 5% of
these priests belonged to orders that entered the country after the 1950s.2¢ In general, there are
more order priests than non-order priests, conditional on the establishment of order in a place.
Therefore, dioceses where religious orders work tend to have more priests. The historical roots
of the presence of orders in different areas creates a positive correlation between the number of
priests today and in the past: the correlation between the number of priests per capita during
the 1990s and the 1950s is 0.78.

Table 2 illustrates the importance of orders in explaining the cross-diocese variation in (the
log of) priests per capita in 1950. I use the ratio of order priests to the total number of priests
as a proxy for the presence of orders in different dioceses. Results in columns 3 and 4 support
the claim that the variation of priests per capita is related to the presence of orders in different
dioceses.

I use priests per capita in 1950 as the main instrument for voucher school entry in different
areas during the voucher period, and the ratio of order-to-total priests as an alternative instru-
ment in some regressions. The next section empirically studies the validity of this identification

strategy.

31 These numbers were computed using information from the 2002 directory of the Catholic Church in Chile.
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2.6 Reduced Form Estimates: Difference-in-Difference Analy-
sis and Robustness Checks

To validate the identification strategy discussed in the previous section, I need to show that
priests are not related to educational outcomes before the voucher reform and are related to
educational outcomes after the reform. Table 3 presents the basic evidence supporting this
identification strategy. In particular, I focus on three different cohorts. People older than 37
in 2000 (the year the CASEN survey was collected) attended school before the reform was
implemented; people between 26 and 37 years attended school between 11 years and one year
after the reform was implemented; and those less than 26 received their complete K-12 education
after the reform was implemented. Because I do not have data on test scores before the reform,
I use high school graduation as a proxy for school quality.

The results in Table 3 suggest that the number of priests has no relationship to high school
graduation rates for people attending school before 1981 (column 1). For the second group
(i.e. those receiving only a share of their primary and secondary education after 1981), the
effect of priests is slightly bigger but still not significant. Finally, for those receiving their entire
education after 1981, priests have a positive and marginally significant effect on educational
outcomes. Overall, this evidence supports the idea that priests are correlated with educational
outcomes only for the cohorts that attended school after the 1981 reform.

Figure 1 presents a more detailed exercise to evaluate the differentiated effects of priests on
educational outcomes for cohorts that have different degrees of exposure to the 1981 reform.
This figure plots the relation between high school graduation and priests in the decade closer to
school attendance for individuals of different ages in 2000. This exercise also allows me to study
whether the effect of the reform varies for individuals of different ages. The results suggest that
priests are only correlated with the level of education for cohorts that attended school after
the reform was implemented. As importantly, the effect of priests on high school attainment is
increasing in the number of years that people attended school after the reform.

Overall, these results demonstrate the claim that priests only are correlated with educa-
tional outcomes after the 1981 reform, and they confirm the rationale presented in Section 2.5.

Having established this central result, I present a number of additional exercises to validate
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my identification strategy. Columns (1) and (2) in Table 4 presents estimates of the relation-
ship between priests per capita and the ratio of order-to-total priests in 1950 and the ratio of
voucher-to-public schools in each market in the voucher period. Priests and the ratio of order-
to-total priests both have a positive and significant effect on the number of voucher schools per
public school. The effect of Catholic affiliation is also positive and significant, as expected.?
Column (3) presents the same regression but using voucher school enrollment as the measure of
voucher school entry (as in all the other papers in the literature). Again, priests have a positive
and significant effect on voucher school enrollment.

Column (4) presents estimates of the effect of priests on the change in public school en-
rollment from the pre-reform period. I was able to compute public enrollment rate for 52
geographical areas for 1975 from MINEDUC (1975)-the geographical classification corresponds
to the split between urban and rural of 26 provinces covering the complete Chilean territory.
I define the change in enrollment in public schools as enrollment today minus enrollment in
1975 in the area where the school is located. Results imply that public school enrollment de-
creased more in areas with more priests, confirming my argument in Section 2.5. The last three
columns study the correlation between priests and Catholic and non-Catholic voucher schools.
The results imply that priests are correlated with both the entry of Catholic and non-Catholic
voucher schools. Moreover, the ratio of Catholic to non-Catholic schools does not seem to be
affected by priests. Thus, these results confirm my argument of the potential effects of priests
on the entry of non-Catholic voucher schools.

I present additional evidence of the differential effect of priests after and before the voucher
reform in Table 5. This table studies the effect of priests on the attendance to voucher schools
for members of cohorts that attended school after and before the voucher reform. Data come
from the 2002 Social Protection Survey. I study whether priests have a different effect on the
likelihood of attending a voucher school before and after the reform, controlling for a dummy
for urban areas, and region and age dummies. Results both coming from linear probability and
probit models suggest that priests are more related with the decision to attend a voucher school

after the reform, as expected. Results for the effect of priests on private school attendance before

23Results for other variables included in these regressions are similar to other papers in the literature: mean
(standard deviation of) education and income have positive (negative) effects on the availability of voucher
schools, and more populated areas have more voucher schools.
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1981 are inconclusive: the linear probability model suggests a positive and significant effect,
but the probit model suggests an insignificant effect. Overall, evidence in this table confirms
the hypothesis that priests are more important to explain voucher school attendance over the
voucher period.

One potential concern for my identification strategy is that priests may have affected ed-
ucation outcomes after the reform through other channels than voucher-school competition.
In this context, I study whether immigration decisions of families with school-age children are
correlated with the presence of priests in different areas. If in-migration rates of families with
children are higher in areas with more priests, then an alternative explanation may be sorting
of families based on taste/motivation for education. I do not expect this channel to be im-
portant, given the available evidence showing that migration in Chile is low because of public
housing policies (Soto and Torche, 2004; Tironi, 2003). The results in Table 6 confirm this
presurnption and show that both micro estimates of in-migration decisions of families with chil-
dren and macro estimates of immigration rates at the region level do not support the view that
in-migration rates are higher in areas with more priests.

Overall, 1 document that the number of priests per person is historically determined; prior
to 1981, it has little effect on educational outcomes. I also show that Catholic priests affected
educational outcomes after the voucher system was established and are correlated with several
proxies of the levels of and changes in voucher school entry. These results suggest that I have
a potentially valid source of exogenous variation in the supply of voucher schools in different
areas during the voucher period. Using these results, the next section estimates the level effects

of voucher-school competition on student test scores in a cross-section of students in 2002.

2.7 Estimating Level Effects

In this section, I present the results of regressions using information on test scores from a
cross-section of students in the voucher period. This approach has several advantages over the
reduced form estimates I presented before. First, I have detailed information on the degree
of voucher-school competition in the educational market where the student attends school.

Second, 1 have a more direct measure of school outcomes (test scores) than in the previous
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exercises (high school graduation), which allows me to estimate more precisely the effect of
voucher-school competition on test scores. Third, I am able to study whether the interaction
effects predicted by the model are supported by the data. Since the results in Section 2.6 suggest
that priests only affect educational outcomes after the reform, the number of priests per capita
prior to 1981 is a valid instrument for voucher-school competition during the reform (as well as
for the interaction of priests with the reform). Thus, I estimate the impact of voucher-school

competition on student test scores by running a regression of the form:

’ ’

Qim = TRm + X;ma+ M, B+ Y, .p+ €im. (24)

Subscript i refers to students and m to educational markets. g is test scores, R is the ratio
of voucher to public schools in market m, X is a vector including pre-school characteristics of
students (mother’s education and log of income per household member), M is a vector including
the mean and standard deviation of mother’s education and income at the market level, Y
is a vector including exogenous variables (Catholic population, total school age population,
urbanization rate, and region dummies), and ¢ is a student-specific error term.

Following the model presented in Section 2.3 , I use the ratio of voucher-to-public schools as
my measure of voucher-school competition—R,, in equation (2.4)—at the market level. When
I compute the number of voucher schools per public school at the market level, I obtain the
average availability of voucher schools per public school in each neighborhood (assuming that
one public school exists in each neighborhood, which is reasonable in the case of Chile).

I estimate equation (2.4) using the log of Catholic priests per person in 1950, or the ratio
of order-to-total priests (only in some regressions to save space), as my instrument for R,,.
In addition, as discussed in Section 2.5, the ratio of order-to-total priests corresponds to a
more basic source of variation in the number of priests in different areas in Chile. Thus, I also
present IV estimates using the ratio of order-to-total priests as an alternative instrument (in
one specification I use both variables as instruments for voucher-school competition). I use

variables measured in 1950, which corresponds to the end of the period of entry of Catholic

268ince I include multiple observations of variables in the same area, I use the White/Huber estimator of the
variance-covariance matrix to compute corrected standard errors that are robust to arbitrary heteroskedasticity
and clustered standard errors.
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orders into Chile.

2.7.1 Test Score Regressions

I first estimate equation (2.4) using the complete sample of students attending public and
voucher schools in the 2002 SIMCE dataset. Table 7 presents OLS estimates (columns 1-2)
and IV estimates of equation (2.4) using log of priests in 1950 (columns 3-4) and the ratio of
order-to-total priests (columns 5-6) as my instruments for R,,. In each case, I present first a
parsimonious representation of the regression without including controls and only including my
measure of voucher-school competition. Next, I include market- and student-level controls. The
IV estimates are larger than the OLS estimates as suggested by my model, because school entry
may be endogenous to quality. While the OLS estimates are -0.02 and 0.04, the IV estimates
are in the interval between 0.13 and 0.17.27 The IV point estimates are always positive and
significant. These results imply that the effects of voucher-school competition on test scores are
also economically relevant. An increase of one voucher school per public school in a market is
associated with an increase in test scores of between 0.13 and 0.17 standard deviations. This
is equivalent to about half of the effect of increasing mother’s attainment from primary to
secondary general education.

Estimates for other variables included in the regression have the expected signs. All so-
cioeconomic controls are significant and have the expected sign: students with more educated
mothers tend to perform significantly better, and students from households with higher incomes
have higher test scores. The only two market-level variables with a statistically significant effect
are mean per capita income (a positive effect) and the school-age population of the market (neg-
ative effect). The effect of the share of Catholics is negative, but it is not precisely estimated.

Next, column (7) in Table 7 presents estimates using both priests and the ratio of order-
to-total priests as instruments. As expected, the estimated effect falls between the estimates
in columns (4) and (6). More importantly, an over-identification test of this specification does
not reject the null hypothesis that the instruments are valid. Formally, the result of the over-

identification test implies that IV estimates using each of the two instruments separately are

*"Measurement error in voucher-school competition may also explain why my OLS estimates are smaller than
my IV estimates.
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not statistically different among them.

These estimates of the effect of voucher school competition on test scores are in the range
of the estimated results of previous studies for Chile. My estimates imply that a one-standard
deviation increase in voucher school competition increases test scores by about 0.10 standard
deviations. Auguste and Valenzuela (2003) find an effect of the same size at the student
level, Contreras and Macias (2002) report an effect of a one-standard deviation increase in the
Herfindahl index in the interval of 0.08 and 0.17 standard deviations of test scores, and Gallego
(2002) presents estimates that imply an increase of between 0.03 and 0.18 standard deviations
of the test scores when his measure of competition increases by one-standard deviation. In
contrast, my estimates are slightly smaller than the effects of inter-school competition reported
in papers for the US. Bayer and McMillan (2005) and Hoxby (2000) report that a one-standard
deviation increase in their proxies for the degree of inter-school competition increases test scores
by about 0.15 standard deviations.

The estimates on the effect of voucher-school competition on test scores also are consistent
with my reduced-form estimates of the effects of priests on high school graduation rates reported
in Section 2.6. My reduced-form estimates in the previous section imply that a one-standard
deviation increase in the (log of the) number of priests (roughly equivalent to 43 log points)
increases high school graduation by about 11 percentage points for people attending school after
the reform (computed using results from Figure 1). In turn, a similar increase in the number of
priests increases the ratio of voucher-to-public schools by about 0.22 (Table 4), which increases
test scores by between 0.031 and 0.037 standard deviations. To relate both results, I use the
estimates of Hanushek and Kimko (2000), who find that a one-year increase in schooling is
associated with an increase in about 0.042 standard deviations in test scores. In my sample,
a person who graduated from high school has about six years more of education than the rest
of the population. Putting everything together, I expect the impact of the increase in high
school graduation to be consistent with an increase in test scores of 0.03 standard deviations
(0.11 x 0.042 x 6 = 0.028). Therefore, reduced-formed estimates of the impact of priests on
high school graduation and cross-section estimates of the effects of voucher school competition
on test scores are consistent.

Table 7 presents additional specifications in which 1 replace my measure of voucher-school
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competition by three alternative measures: the share of enrollment in voucher schools (Auguste
and Valenzuela, 2003; Gallego, 2002; Hsieh and Urquiola, 2004), the Herfindahl index (Contreras
and Macias, 2002), and the change in enrollment in public schools between the pre-reform
(1975) and post-reform periods (2002). Results in the last three columns of Table 7 imply a
positive effect of the three alternative measures of voucher school competition on test scores.
The size of the effects of a one-standard deviation increase of competition on test scores varies
across specifications: while the implicit estimates in columns (7) and (9) imply an increase
of test scores of about 0.15 standard deviations, estimates in column (8) imply a probably
unreasonable increase of test scores of 0.48 standard deviations.

I study several specifications checks in Table 8. First, I study one potential concern with
the results in Table 7: some variables, such as income and mother’s education, may be affected
by my instruments if parents attended school after the reform. If mother’s education and
income do not involve measurement error, then my earlier estimates can be interpreted as the
direct effects of voucher-competition on student outcomes. However, if mother’s education and
income are subject to measurement error, then the estimates of voucher-school competition
may be biased upward.?® To deal with this potential problem, Column (1) presents the results
excluding students with parents who attended school after the reform (i.e. parents older than
39 years). The results are very similar to those shown in Table 7, suggesting that my previous
estimates do capture the direct effect of voucher-school competition on test scores, controlling
for mother’s education and income.

Next, column (2) presents the results of excluding schools located in rural areas. The implicit
assumption in the model in Section 2.3 applies for students that have low physical transportation
costs of moving from one school to another. I expect the effects of competition to be significantly
smaller if students cannot move easily from one school to another, as expected in rural areas.
Results in Column (2) confirm this idea: the point estimate of inter-school competition increases
when excluding rural schools. The next two columns deal with the potential effect on the results
of the Santiago Metropolitan Area. Santiago is at the same time the biggest market (includes

about 28% of the students in my sample) and one of the markets with the highest ratio of

**More precisely, mother’s education and income may not capture all the effects of mother’s human capital on
children’s educational outcomes.
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voucher to public schools (2.41 voucher schools per public school). To deal with the size effect
without losing information on a market that has a high degree of choice, I report in columns (2)
and (3) the results of running 50 regressions excluding randomly 90% and 50% of the Santiago
students. The point estimates are smaller but positive, statistically significant, and within the
confidence interval of the estimates for the complete sample.

Next, Columns (5) to (7) present the results of an additional exercise: I include controls
for systematic differences in pre-reform educational outcomes in equation (2.4). I use three
proxies for pre-reform outcomes: (i) high school graduation rate in public schools for cohorts
that attended school before 1980 from the Social Protection Survey (column 5), (ii) high school
graduation rate at the municipality level for cohorts that attended school before 1980 from the
CASEN survey (column 6), and (iii) average 1991 SIMCE test scores at the municipality level
(column 7), (indeed, this test score was applied 10 years after the reform was implemented,
but at the same time (i) 1991 corresponds to the first year for which I have complete infor-
mation for all the schools after the decentralization of the management of public schools was
completed and (ii) as previously discussed, it is hard to argue that a real voucher system was in
operation until at least the mid 1990s). Even though my results in Section 3.1 suggest that my
instruments are not correlated with pre-reform differences in academic outcomes, these results
provide an additional check. The results show that my main estimates of the effect of the ratio
of voucher-to-public schools change slightly in value, but remain statistically significant. The
point estimates for the effect of voucher school competition decrease slightly in columns (6) and
(7), and increase slightly in column (5).

Next, column (8) of Table 8 introduces controls for the composition of students at the
school level: mean and standard deviation of mother’s education and per-capita income. I
follow Hoxby (2000) in including these variables without giving a formal interpretation to the
estimates I find, and, therefore, I only focus on the effect of including these variables on the
estimate of voucher-school competition on test scores. Results imply that the point estimate
of the effect of voucher school competition is basically unchanged with respect to most other
estimates I present in Tables 7 and 8. Unfortunately, I do not have additional valid instruments
to study the causal effects of peer-effects on test scores, but results in this column are at least

suggestive that peer-effects are not driving my main results.
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I take an alternative way of analyzing whether peer-effects are driving my results in the
last two columns of Table 8, where I present estimates for sub-samples of students in public
and voucher schools. These sub-samples allow me to analyze whether the estimated effect of
voucher-school competition on student outcomes in public schools is different than for voucher
schools. These exercises have interest from two perspectives: (i) I am able to study empirically
the predictions of Corollary 2 and (ii) I am able to test the conjecture of some papers that
voucher-school competition may increase average test scores but students attending public
schools may be harmed if voucher schools are able to cream-skim. Indeed, I cannot disentangle
the contributions of both perspectives without an additional source of exogenous variation.

Since I estimate (2.4) for sub-samples of students, I implement a Heckman selection model
with endogenous variables (Wooldridge, 2002). This procedure allows me to control for potential
selection bias if the students included in these regressions are not randomly selected from the
population. To implement this procedure, I need to find a variable that affects the selection
of students in different schools and has no direct effect on test scores. My instrument in the
selection equation is a dummy that takes a value of one if the teaching of values was among
the top three criteria used by parents for choosing schools. Since the mention of "teaching
of values" (i.e., la ensefianza de valores in Spanish) has a religious connotation in Chile, this
variable may capture relative preferences for voucher vis-a-vis public schools, or Catholic vis-
a-vis non-Catholic voucher schools.?’ In terms of my model, the values variable is a proxy for
the location of parents in the linear city.

In the initial stage of the estimation, I run a selection equation of the following form, using
probit:

Pim =1 (cpSim 4 (o + X+ M s+ Yoo + fin > 0) : (2.5)

where p;,, takes a value of 1 if an observation is included in the regression of interest, S;,, is
some variable that affects p;,, and is not included in equation (2.4), Z,, is an instrument for
R, (i.e., priests per capita), and p,,, ~ N(0,1). Notice that in this equation I include all the
right-hand side variables included in the first stage of (2.4). Next, for the selected subsample

*Other papers have found that parents’ preferences for the teaching of values affect the choice of private versus
public schools in the US (Sander, 2001). In a related result, Howell (2004) finds that religious identity affect the
participation in a voucher program in New York.
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(i.e., for observations with pj,, = 1), I estimate the equation:
Gim = TRm + Xim@ + My B + Yp + Yim + €im

by 2SLS, excluding S;,, from the second stage regression. Aim is the estimated inverse Mill’s
ratio for each observation.

Table 9 presents probit estimates of the marginal effects of the variables included in equation
(2.5) on the choice between attending a public versus a voucher school and the choice between
a non-Catholic versus a Catholic voucher school. The results indicate that the values variable is
significantly correlated with the decision to send the student to a non-Catholic school. Marginal
effects imply that if parents care about the teaching of values, they are 36% less likely to send
their children to a public school versus a voucher school, and are 28% less likely to send their
children to a non-Catholic voucher school vis-a-vis a Catholic voucher school.

Estimates for other variables included in equation (2.5) confirm previous results in the
literature on the socioeconomic determinants of attending a public school (e.g. Sapelli and
Vial, 2002 and 2003 for Chile; Checchi and Jappelli, 2004 for Italy): mother’s education and
family income have a negative and significant impact on the probability of attending a public
school. Other estimates in column (1) suggest that market characteristics are also important:
the probability of attending a public school drops in urban and more populated areas, in poorer
areas, and in areas where Catholic affiliation increases. Results for the probability of attending
a non-Catholic versus a Catholic voucher school indicate that education and income play a
similar role to the choice between a public and a voucher school, although the estimated effects
are smaller and less significant. Similarly, the probability of attending a non-Catholic voucher
school decreases in areas with a larger Catholic population and increases in more populated
markets. Interestingly, as previously discussed, priests do not have a significant effect on the
probability of attending a non-Catholic vis-a-vis a Catholic school.

Using these probit models, I include the inverse of the Mills ratio in the second stage
regression (columns (9) and (10) in Table 8). From these regressions, I obtain estimates that
allow me to evaluate whether the effect of an additional voucher school is greater on public

schools or existing voucher schools. The results show that the effect of an additional voucher
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school is quantitatively similar for public and voucher schools.

The results in the last two columns of Table 8 confirm the prediction of Corollary 2 in my
model: public schools may react similarly to the entry of an additional voucher school if most
public schools face competition from at most one voucher school as the data for Chile confirm
and the difference between the minimum quality offered by public schools and the minimum
quality offered by voucher schools is sufficiently high. As previously discussed, an alternative
interpretation of these results is that either voucher schools do not tend to cream-skim, peer-
effects do not have a causal impact on test scores, or the incentive effects created by the voucher
system on public school students dominate any cream-skimming effect.

Finally, I present quantile regression estimates of voucher-school competition for students
in different positions of the distribution (Figure 2). Results suggest that the estimated effects
do not vary a lot across quantiles, but are slightly smaller for the students in the 1st and 10th
quantile than for the other students. Therefore, these results also suggest that the effect of
voucher-school competition on test scores does not vary significantly accordingly to the students
characteristics.

Overall, the evidence presented in this section presents a consistent pattern of positive effects
of voucher-school competition on test scores for the average student and for students attending
public and voucher schools, as predicted by the model. In the next subsection, I study the
effects of voucher-school competition on expenditures, productivity, and student composition

at the school level.

2.7.2 Expenditures, Productivity, and Student Composition

This subsection studies the role that expenditures in education play in my previous results. I
present results for the effects of voucher school competition on private, public, municipal (i.e.
not related to the voucher or other central government programs), and total expenditure per
capita in columns (1) to (4) of Table 10. The main motivation for these exercises is to study
whether competition increases test scores by increasing expenditure in education. Results imply
positive and significant effects on municipal, total public, and total expenditures per student.
Only the implicit elasticity of the increase in municipal transfers is economically relevant (1.04);

in all the other cases the implicit elasticities are smaller than 0.20. This result is interesting
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because it suggests that local governments are able to increase expenditure in education, as
competitive pressures increase. This has the positive effect that the increase in expenditure
may reflect a greater effort to increase quality as a response to political pressures, but, at the
same time, as suggested in my theoretical discussion, non-voucher transfers may dampen the
incentive effect on test scores created by competition. I study the latter in the next section using
a potentially valid source of exogenous variation of non-voucher transfers to local governments.

Next, column (5) in Table 10 studies how competition affects the copayment level in voucher
schools. In the model I assume that there are no prices because copayments represent on av-
erage less than one third of public expenditure in education. In this sense, the model can be
interpreted in terms of the effort that agents exert. However, in a more general model, voucher
schools subject to competition may decrease prices. This is exactly what results in column
(5) show: an increase in competition decreases copayment charged. Interestingly, the implicit
elasticity is also economically significant: a one-percent increase in competition decreases co-
payments by 0.3%.

Overall, results in column (3) imply that an increase in competition increases total expendi-
ture per-capita. However, the increase is relatively small: a one-standard deviation increase in
competition increases total expenditure per-capita by about 9%. Given these results, in columns
(6) and (7) I study the effects of competition on the productivity of education expenditure. I
define two proxies for productivity: the (normalized) ratio of test scores to total expenditure per
student and the log of total expenditure per student, respectively. These are rough measures
of productivity—i.e. test scores per unit of expenditure-that can be interpreted as proxies for
agents effort, their key choice variable in my theoretical model. Results suggest that the effects
of voucher-school competition on both measures of productivity are positive and significant.
An increase of one-standard deviation of voucher school competition increases the productivity
indexes by between 0.20 and 0.23 standard deviations . These results imply that voucher-school
competition increases the productivity of schools, as emphasized in the theoretical model of this
paper.

The last three columns of Table 10 study how competition affects the composition of stu-
dents within schools. Again, this is not present in my theoretical model, but extensions where

parents and/or school agents value homogeneity in their schools may predict that increases in
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competition decrease the dispersion of student characteristics within schools.*’ I study this
idea using an index of the distance of each student to the average student in her school. I
use two measures of socioeconomic characteristics (mother’s education and per-capita income)
and test scores as measures of student characteristics My results are not conclusive about the
effect of competition on test scores, but imply a negative and significant effect of competition
on the heterogeneity of mother’s education within schools, a negative but insignificant effect on
heterogeneity of income within schools, and a positive and marginally significant effect on the

heterogeneity of test scores within schools.

2.8 Estimating Interaction Effects

In this section, I expand the previous analysis by studying the implication of my model that
there should be interaction effects: public school response to exogenous changes in voucher
school competition depends on how binding the minimum enrollment is. Corollary 3 predicts
that the effect of voucher school entry on test scores is smaller for schools that have low minimum
enrollment levels (which in the model corresponds to receiving big non-voucher transfers). If
this is the case, public schools can meet the minimum enrollment constraint more easily. This
result illustrates the theoretical mechanism at work in the model, which is related to the implicit
incentives that the minimum enrollment constraint presents for public school agents. In this
section, I test this prediction against the data using proxies for (i) the size of the education
deficit as a percentage of education revenues (a proxy for non-voucher transfers) and (ii) the
average size of public schools in different municipalities. I interpret these characteristics as the
degree of softness of the public school budget constraints.3! Using these proxies, I study whether
differences in these variables affect the response of public schools to voucher-school competition.

To do so, 1 split the sample of public schools into those located in municipalities that have

#0Results in Gallego and Hernando (2006) support this prediction: in equilibrium students in Santiago tend
to attend schools with similar peers in terms of mother’s education, income, gender, and preferences for the
teaching of values. Work in progress is trying to disentangle the effects of supply and demand factors to explain
this equilibrium allocation of students.

*In general, non-voucher transfers are not allocated to local government in a transparent way. Serrano and
Berner (2002) document the transfer process for the case of local government education debts related to teacher
pensions. As the authors document, it is not easy to follow the actual decision process in part because central
government authorities did not want to establish precedents to be used by other mayors.
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education deficits above and below the median, and public schools located in municipalities
that have average school sizes above and below the median of the distribution. I expect the
effect of voucher-school competition to be larger in the samples in which education deficits are
relatively low and average school sizes are relatively big.

I use a short-lived change in the Chilean electoral law that allows me to identify the short-run
variation in deficits and average school size and, therefore, to control for potential selection bias
in my estimates. The electoral law operating between 1999 and 2003 establishes that a mayor
(who manages the public schools) is the elected member of the municipal council who receives
the most votes (conditional on getting at least 20% of the votes). This source of variation
is useful for my identification strategy because, as previously discussed, municipalities receive
discretionary transfers from the central government and pro-government mayors are able to
raise more of these funds.

I implement a difference-in-difference regression to study the effects of the 1999 electoral
law on my two proxies for the degree of bindingness of the minimum enrollment level in the

context of a selection model of the form:
Pn=1 (‘PVme + DV + OKom + (Zm + My36+ Y7 + > 0), (2.6)

where P,, is an indicator function that takes a value of one if the municipality has an education
deficit above the median or an average public school size below the median; V;, is the share of
votes that goes to the pro-government coalition; and K,, is a dummy that takes a value of one
if the mayor belongs to the pro-government coalition. I exclude the interaction of V;,, and Ky,
from (2.4) and include each variable separately, as well as the estimated inverse of the Mills-
ratio in (2.4). Table 11 presents my marginal probit estimates of equation (2.6). The results
indicate that the interaction variable has a positive and significant effect: the probability that
a municipality has an education deficit above the median increases by 50% and average school
size below the median increases by about 40% if the mayor belongs to the pro-government
coalition, given the vote obtained by the pro-government coalition.

Table 12 presents estimated interaction effects. I present estimates including selection cor-

rection in the top panel and without including selection correction in the bottom panel. Results
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in both cases are qualitatively similar. The results for the subsample of students attending pub-
lic schools that have high education deficits and low average school sizes suggest that the schools
tend to respond by less than the other schools (and only in one case is the reaction positive
and statistically significant). Overall, these results show that proxies for the bindingness of
the minimum enrollment level affect the degree of response of public schools to voucher-school
competition, as predicted by my model and support the existence of heterogeneous effects of
voucher school competition on public schools. These results are hard to reconcile with alterna-

tive explanations for the positive effects of voucher school competition.

2.9 Concluding Comments

The potential effects of school vouchers and inter-school competition on student outcomes
has been a much debated topic in the US and elsewhere. My study of the Chilean voucher
system, which has operated for more than 20 years in the complete K-12 system, can help us to
understand the effects of vouchers on educational outcomes. Previous research has been stymied
by endogeneity problems. I argue that the interaction of the variation in the number of priests
per person across Chilean areas in 1950, and the institution of the voucher system in 1981,
allows me to identify the effects of voucher-school competition on test scores. I document that
the number of Catholic priests is not correlated with educational outcomes in the pre-voucher
period and s correlated with educational outcomes in the post-1981 period. This result allows
me to use the number of priests per person in 1950 as an instrument for voucher-school entry
during the voucher period.

I find that once I instrument for the ratio of voucher-to-public schools in an area, one addi-
tional voucher school per public school increases test scores by about 0.14 standard deviations.
The magnitude of this effect on test scores is equivalent to about half of the effect of increasing
a mother’s attainment from primary to secondary education. These results are roughly similar
for students attending public schools and students attending non-Catholic voucher schools.

My estimates of the effects of school competition on test scores are smaller for students
attending public schools that face less binding minimum enrollment, measured using two alter-

native proxies. While agents operating voucher schools receive higher payoffs if they increase
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enrollment, agents operating public schools receive fixed wages and only have to meet a min-
imum enrollment constraint. Therefore, agents operating in areas where the minimum enroll-
ment constraint is less binding react less to voucher-school competition, as predicted by the
theoretical model presented in the paper. Overall, the evidence is consistent with a theoretical
rationale that emphasizes the role of incentives provided by voucher-school competition.

My results do not imply that selection or segregation are not relevant issues in the Chilean
case. Rather, controlling for characteristics of students and markets, there are sizeable direct
effects of competition on test scores. More than 20% of educational markets in Chile have no
voucher school in operation. Similarly, there are heterogeneous effects of voucher school com-
petition for public school students, depending on how binding minimum enrollment constraints
are. Thus, the introduction of the voucher system does increase educational inequality in Chile.
The paradox, though, is that the Chilean system does not become more unequal because of
the existence of voucher schools, but rather because of the absence of voucher schools in some
areas, and the absence of strong incentives for some public school agents. The government
could correct this inequality while preserving school choice by using the right incentives, such
as letting per-student subsidies depend upon student characteristics, as proposed by Gonzalez
et al. (2002), Hoxby (2001), and Sapelli (2003), or by creating explicit incentives that relate

the welfare of public school agents to student outcomes.

2.10 Appendix: Proofs

2.10.1 Result 1

First, notice that if N =0, np = L.

Second, I analyze the case when N = 0. Define Z as the location of parents that are
indifferent toward both types of schools. These parents determine the share of the market
going to each school. Z is given by:

gp—qvtt_gp—av 1
2t 2t 2’

=

This expression implies that the number of students attending public and voucher schools are
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zL and (1 — ) L, respectively. Therefore,

—qp— T
nszqP—ztﬂ+§,and
¢, —q. I
ny =I5 4 5.

Regarding the distribution of students among voucher schools. If N = 1 obviously the enroll-
ment of the only market school in the market is ny. If N > 1, since parents randomize among
all schools that offer the same quality, the probability that each of them is selected is %, which
implies that:

n .
nvl-:w if N>1.

2.10.2 Result 2

Since quality is costly and that the only incentive to increase quality above the minimum level
is to meet the minimum enrollment constraint, always one of the two constraints will bind in
equilibrium. The simplest case is when N = 0, then optimal public school quality is qﬁl .

If N > 0 and the minimum quality constraint binds (i.e. Condition 1 does not hold),

qp = ¢¥. This will be the case if:

no 1 ad —qv
(3-5 <L (2.7)

In this case, the number of students attending public schools is:
L

M _
np=T# -2 L

If Condition 1 holds, then the minimum enrollment constraint binds and, therefore, np = 7.

Given Result 1, optimal public school quality is:
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2.10.3 Result 3

Voucher schools enter the market if:
n
{(v - (qv))—N‘i — F] >0.
N*=0if
(v — e (q{‘/))nv < F.

because in this case, even producing the lowest possible level produces negative profits.

Using a similar argument, V* = 1 when:

(v —c" (av))nv

(v - (q‘ﬂ//f))—@%/- < F.

I\

F, and

Analogously, N* = 2 when:

(v - ()5

(v—cv(q{\,’l)n?v < F

1V

F, and
Generalizing this argument, N* has to satisfy:

(v—c’ (@)% > F,ond

ny
(’U — CV (q{y))N—ﬁ < F.

Rearranging terms:
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2.10.4 Result 5

If Condition 1 holds, N = 1, and N = 1, voucher schools face no competition from other
voucher schools and public schools will respond to their choices in order to meet the minimum
enrollment constraint. Therefore, voucher schools face a constant demand ny = (L — @), for

any level of quality they offer. Then, profit maximization implies that voucher schools offer:

qv = qy-

If N =1, but N¥ =2, and Condition 1 holds, the incumbent voucher has to offer a quality

level such that the potential entrant is indifferent, i.e., profits have to be 0. Thus,

If Condition 1 does not hold, and N = 1, NP =1, the only difference with the previous case is
that enrollment in the voucher school is not constant. Moreover, Result 1 implies that voucher
school enrollment is increasing in voucher school quality (notice that the public school produces

q",‘;’[ . Therefore, the optimization of the voucher school is:

- qV - qM 1
Maz,, [(’U —c (¢,))L Q_tP + 5) - F} ,

the first order condition of this problem is (assuming an interior solution):

\% T \%
v’ ¢’ (gv)L _ ¢’ (qv) _,,nv

Finally, If Condition 1 does not hold, and N > 1, and N¥ > 2, competition between voucher

schools imply that profits of incumbents go to 0, and, therefore:

gy =c"" (v - E) .
ny
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Table 1: Descriptive Statistics

Obs. Mean Median Standard 5th 95th Source
i percentile percentile
Student-level variables
Test scores (standardized) 187610 -0.03 -0.03 0.97 -1.71 1.49 SIMCE
Mother's education
Primary 187610  0.35 0.00 0.48 0.00 1.00 SIMCE
Secondary-General 187610  0.32 0.00 0.47 0.00 1.00 SIMCE
Secondary-Technical 187610  0.16 0.00 0.37 0.00 1.00 SIMCE
Higher-General 187610  0.08 0.00 0.27 0.00 1.00 SIMCE
Higher-Technical 187610  0.09 0.00 0.28 0.00 1.00 SIMCE
Average Years of Schooling 187610  9.84 11.00 3.31 5.00 15.00 SIMCE
Log(Per-Capita Income) 187610  10.27 10.31 0.90 8.87 11.83 SIMCE
Values among the three most important reasons for choosing a school 187610  0.28 0.00 0.45 0.00 1.00 SIMCE
Voucher school 187610  0.43 0.00 0.50 0.00 1.00 SIMCE
Catholic voucher school 187610  0.15 0.00 0.39 0.00 1.00 http://www.iglesia.cl/
Public expenditure per-capita 161563 27451 22128 12986 19219 52540 SIMCE, http://www.sinim.cl/, MINEDUC
Private expenditure per-capita 180288 19309 12500 21548 2500 60000 SIMCE
Municipal transfers per-capita 96564 4115 1688 8332 0 12698 http//www.sinim.cl/
Total expenditure per-capita 155197 46643 40971 22261 23465 87582 Author's calculations
Copayments 183035 5730 2500 10288 0 25000 SIMCE
Productivity index 1 (test scores divided by total expenditure) 155197 -0.04 0.03 0.99 -1.79 1.47 Author's calculations
Productivity index 2 (test scores divided by log total expenditure) 155197 0.02 0.08 1.00 -1.71 1.58 Author's calculations
Individual-level variables
High school graduation dummy 75805  0.40 0.00 0.49 0.00 1.00 CASEN
Immigration dummy 8857 0.17 0.00 0.37 0.00 1.00 Social Protection Survey
Market-level variables
Ratio of Voucher to Public Schools 298 0.47 0.25 0.70 0.00 1.6 Ministry of Education
Mean years of schooling 298 8.82 8.66 1.29 721 10.96 SIMCE
Standard Deviation of Years of schooling 298 3.45 347 0.47 2.70 12 SIMCE
Mean Log Income 298 10.02 9.94 0.37 9.55 10.71 SIMCE
Standard Deviation of Log Income 298 0.85 0.85 0.14 0.66 1.08 SIMCE
Log School-Age Population 298 8.38 8.36 1.28 6.32 10.7 http://www.sinim.cl/
Urbanization Rate 298 0.34 0.25 0.28 0.00 0.93 Ministry of Education
High-School Graduation Rate
37<age 304 0.28 0.26 0.14 0.08 0.56 CASEN
25<age<38 304 0.46 0.45 0.17 0.20 0.74 CASEN
age<26 304 0.52 0.53 0.16 0.24 0.79 CASEN
Pro-Gavernment Mayor 331 0.51 0.00 0.50 0.00 1.00 Electoral Office
Pro-Government Vote 331 0.53 0.52 0.15 0.25 0.78 Electoral Office
Diocese-level variables
Priests per 1000 people in 1950 26 0.32 031 0.13 0.15 0.54 Annuario Pontificio
Priests per 1000 people in 2000 26 0.15 0.14 0.04 0.08 0.21 Annuario Pontificio
Catholic Affiliation 26 0.78 0.79 0.08 0.68 0.90 Annuario Pontificio
Ratio of Religious to Total Priests 26 0.45 0.44 0.16 0.17 0.66 Annuario Pontificio
Region x Urban/Rural variables
High-School Graduation Rate
39<age 26 0.27 0.27 0.17 0.05 0.5 Social Protection Survey
27<age<d0 26 0.47 0.59 0.22 0.17 0.71 Social Protection Survey
age<28 26 0.60 0.65 0.24 0.22 1 Social Protection Survey
High-School Graduation Rate in Public Schools
39<age 26 0.26 0.27 0.16 0.08 0.5 Social Protection Survey
27<age<40 26 045 0.54 0.20 0.17 0.67 Social Protection Survey
age<28 26 0.55 0.62 0.26 0.00 1 Sacial Protection Survey
Voucher school attendance (% of total population)
39<age 26 0.05 0.05 0.04 0.00 0.12 Social Protection Survey
27<age<40 26 0.08 0.07 0.06 0.00 0.23 Social Protection Survey
age<28 26 0,11 0.12 0.09 0.00 0.27 Social Protection Survey

Notes: Detailed definitions of each variable appear in the main text



Table 2
Determinants of Priests per Capita in 1950:
Religious Order Effects

"“Dependent Variable: - Log of Priests per 1,000 people in 1950
(1) @) 3) @

Log(income) 0.28 0.10

0.27) (0.26)
Schooling 0.13 0.06

(0.09) (0.09)

Ratio of order to total 1.25 1.19
priests (0.52) (0.53)
R 0.0462 0.0783 0.2415 0.2494
Number of dioceses 26 26 26 26

Cross section regressions, each observation represents the value for a dioceses.
Robust standard errors in parentheses. Constants are not reported



Table 3
Municipal level regressions for
eduactional outcomes before and after
the reform

Dependent Variable: High-School Graduation Rate

Sample: Age>37 37>=Age>=26  Age<26

(1) @ )

Log(Priests per 1000 people) 0.05 0.08 0.17
(0.13) 0.19) (0.10)
Catholic affiliation 0.02 0.10 0.01
0.07) (0.35) (0.25)
Urbanization Rate 0.29 0.33 0.26
(0.03) (0.04) 0.03)
Log(population) -0.02 0.01 0.04
0.05 0.03) (0.02)
R’ 0.49 0.55 0.46
Number of markets 300 300 300

Cross section regressions, each observation represents a value a for a market.
Standard errors clustered at the diocese level in parenthesis. Region dummies
and constants are not reported.
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Table 5
Attendance to "Voucher" Schools, Pre and Post

Reform
Dependent Variable: Dummy=1 if Person attended a subsidized private
school
¢ (2)

Estimation Technique Probit LPM
Log(Priests per 1,000 people in 1950) -0.04 0.10
0.12) 0.04)
Log(Priests per 1,000 people in 1950)*Post 0.26 0.29
Reform 0.12) (0.07)
Urban area 0.09 0.07
0.02) (0.01)
Urban area*post -0.02 0.00
(0.03) (0.01)
Pseudo-R*/R? 0.08 0.06
Number of observations 10566 10566

Cross section regressions weighted by expansion factors for individuals aged 19-50. Clustered standard
errors at the diocese level in parenthesis. Estimates for age dummies, region dummies, and the interaction
for region dummies and the post reform dummy are not reported.



Table 6

Priests and In-Migration Decisions

In-migration Dummy

In-migration Rates

Dependent Variable:

M @ 3 (4)
Log(Priests per 1000 people, 0.04 0.03
destination/origin) (0.10) (0.13)
Ratio order to total priests, 0.20 0.09
destination-origin (0.24) (0.31)
Econometric Technique Marginal Probit OLS Estimates
Number of observations 8857 13

Standard errors clustered at the region level in parenthesis. Constants are not reported.
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Table 9
Choice of Schools: Marginal Probit
Estimates

Dependent Variable: Dummy
takes a value of 1 if:  Student attends a
public school versus a

Student attends a
non-Catholic versus
a Catholic voucher

voucher school
school
@) 3)
Values among top priorities -0.36 -0.28
when choosing among schools (0.01) (0.01)
Mother Education:
Secondary-General -0.07 -0.03
(0.01) (0.01)
Secondary-Technical -0.10 -0.05
(0.01) (0.02)
Higher-General -0.21 -0.07
(0.02) (0.02)
Higher-Technical -0.19 -0.06
(0.02) (0.02)
Log(Per-Capita Income) -0.11 -0.03
(0.01) (0.01)
Market Level Variables:
Mean of Mother Education -0.02 -0.01
(0.02) 0.07)
Standard Deyviation of Mother -0.09 0.15
Education (0.06) (0.07)
Mean of Log(Per-Capita -0.11 -0.14
Income) (0.01) (0.07)
Standard Deviation of Log(Per- 0.00 -0.17
Capita Income) (0.10) 0.25)
Log(Population) -0.06 0.09
0.01) (0.03)
Urbanization Rate -0.14 0.08
(0.10) 0.15)
Log of (Priests per 1,000 -0.07 0.04
people) (0.02) (0.03)
Ratio of order to total priests
Share of Catholic Population -1.07 -0.63
(0.15) (0.22)
Pseudo R’ 0.22 0.15
Number of students 172309 69937
Number of schools 5433 1701
Number of markets 285 203

Cross section regressions, each observation represents a value a for a student. Standard errors
clustered at the diocese level in parenthesis. Region dummies and constants are not reported.
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Table 11

Proxies for Soft Budget Constraints in
Public Schools: Marginal Probit Estimates

" Dependent Variable: Dummy

takes a value of 1 if has Education Deficit above  has Average School
municipality the Median Size below the Median
(1) @)
Pro-Government Mayor*Pro- 0.50 0.41
Government Vote (0.26) (0.10)
Pro-Government Mayor -0.07 -0.16
(0.14) (0.06)
Pro-Government Vote -0.51 -0.30
0.17) (0.07)
Mean of Mother Education -0.14 -0.01
(0.03) (0.01)
Standard Deviation of Mother -0.30 0.04
Education (0.08) (0.02)
Mean of Log(Per-Capita 0.25 -0.02
Income) (0.07) (0.02)
Standard Deviation of Log(Per- -0.37 -0.08
Capita Income) (0.21) (0.06)
Log(Population) 0.06 -0.06
(0.02) (0.01)
Urbanization Rate 0.30 0.13
(0.10) (0.03)
Log of (Priests per 1,000 -0.13 -0.05
people) (0.05) (0.02)
Share of Catholic Population -0.05 -0.22
(0.27) (0.09)
Pseudo R 0.17 0.38
Number of municipalities 299 249

Cross section regressions, each observation represents a value a for a municipality, estimates from the
selection equation actually used in the paper.



Table 12
Test Scores: IV Estimates, Interaction Effects

8 @ €)] “
Second stage estimates with selection correction

. . 0.09 0.52 0.03 0.18

Ratio of voucher to public schools 0.07) 0.31) 0.20) 0.06)
Second stage estimates without selection correction

. ) 0.08 0.52 0.06 0.17

Ratio of voucher to public schools 0.04) 0.21) 0.20) 0.03)
o Big education Small education Low school size High school size
Sample: Municipalities with deficits deficits

Number of students 46819 59275 18234 87860
Number of schools 1309 2046 885 2470
Number of municipalities 108 191 104 194

Cross section regressions, each observation represents a value a for a student. Standard errors clustered at the diocese level in parenthesis. Coefficients of all
other control variables included in the second and first stage equations are not reported.






Chapter 3

Historical Origins of Schooling: The

Role of Political Decentralization?

3.1 Introduction

Educational attainment varies widely across countries. Among the former colonies, the adult
population in Ethiopia and Mali had on average one year of schooling between 1985 and 1995,
whereas the adult population in the Neo-Europes (Australia, Canada, New Zealand, the US)
had more than 10 years of schooling in this period. Median years of schooling for the adult
population was slightly more than 4 years in the same time period. Even within narrower
groups of countries differences are significant. For instance, among former British colonies the
Neo-Europes coexist with countries such as Bangladesh and Sierra Leone that have two years
of schooling on average. While the adult population of Sri Lanka had on average 6 years of
schooling in 1985-1995, in neighboring India average years of schooling were only 4. Moreover,
differences in schooling often predate the present. In 1900 the primary enrollment rates in the
Neo-Europes were above 85% and in countries such as Haiti, Morocco, and Vietnam were less
than 2%. While India’s enrollment rate was 4% in 1900, Sri-Lanka’s was 22%.

Why does schooling vary widely across countries? Why are differences in schooling highly

‘I would like to thank Daron Acemoglu and Dora Costa for their comments and advice; José
Tessada, Kenneth Sokoloff, and seminar participants at MIT, the 2004 NBER Summer Institute,
and the University of Chile for useful feedback; and Pamela Siska for editing help. The usual
disclaimer applies.
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persistent? In this paper, I study the connection between historical variables, political insti-
tutions, and educational outcomes in former colonies. Theoretically, I argue that historical
variables determine the distribution of political power among different agents and affect the
political institutions established in the past. These institutions present a high degree of inertia
and affect educational institutions and outcomes. I argue that two important political insti-
tutions that affect schooling are democracy and local democracy (decentralization of political
power). My main hypothesis is that these political institutions explain the effect of historical
factors on past and current levels of schooling.

To test these hypotheses empirically, I use settler mortality (Acemoglu et al., 2001), popu-
lation density in 1500 (Acemoglu et al., 2002), and pre-existing factor endowments (Engerman
and Sokoloff (1997, 2002) as proxies for the historical factors that affect political institutions. In
addition, I use the number of native cultures before colonization as a source of exogenous vari-
ation for political decentralization. The number of native cultures before colonization affected
the colonization strategy in each former colony. Colonizers tended to establish (or take up) cen-
tralized states in colonies with one (or no) strong ethnic group(s) and relatively decentralized
governments in colonies with several ethnic groups. Current political structures resemble at
least partially these initial structures. Thus, I expect areas where colonizers established more
centralized states to have more centralized states in the present. By using the number of native
cultures before colonization as an additional instrument for political decentralization, I am able
to disentangle the effects of these two political institutions on schooling.

My results suggest that conditions faced by colonizers and pre-existing factor endowments
affected the characteristics of educational systems established in the past. Cross-country dif-
ferences in schooling levels persist to the present because colonial factors influence the extent
of democracy and decentralization of political power. I show that the degree of democratiza-
tion positively affects the development of primary education, whereas the decentralization of
political power is the most important explanation for differences in higher levels of schooling,
such as secondary and higher education. Results suggest that the decentralization of school
management at the local level explains the effect of political decentralization on current levels
of schooling. These results confirm my hypothesis that while democratization should be more

relevant for variables related to the quantity of education (such as primary enrollment), decen-
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tralization of political power should be more related with variables capturing differences in the
quality of education (such as years of schooling or secondary and higher enrollment).

These results for the effect of local democracy on schooling give support to the theories
that emphasize the importance of decentralization in the provision of goods such as education
(See Oates, 1972 and Inman and Rubinfield, 1997). In addition, by using evidence from a
comprehensive sample of former colonies and instrumental variables, I give broader support to
historical papers underlining the role of decentralization in the expansion of primary schooling in
the 19th and 20th centuries (See Lindert, 1999 for Europe and the US, Engerman et al., 1997 for
the Americas, and Goldin and Katz 2003 for the US). In addition, my results about the effects of
political institutions on schooling are related to the literature on the determinants of the quality
and quantity of education. The literature suggests that the link between resources spent on
education and quantity of education is stronger than the link between resources and quality of
education. While a salient feature of democracies is the ability to increase public expenditure
in areas such as education, political decentralization tends to raise local pressures to increase
the efficiency of educational systems. This argument implies that democratic countries may
have better access to education and that decentralized democracies may have a stronger effect
on the efficiency of the educational system. My results support this view.

The paper is organized as follows. Section 3.2 briefly presents theoretical background about
the determinants of schooling and theories that relate historical factors to schooling. Section 3.3
presents some historical background. Section 3.4 describes the empirical strategy I implement
in this paper. Section 3.5 discusses the data used in this paper. Section 3.6 analyzes the
relationship between historical factors and schooling. Section 3.7 tries to disentangle the role

of political decentralization and democracy on schooling and section 3.8 briefly concludes.

3.2 Theoretical Background

3.2.1 Political and Social Institutions and Schooling

A series of theories relates human capital accumulation to government action and to societal
characteristics. A first group of arguments emphasizes the role of public policies in overcoming

such market failures as credit constraints in financing education. A second group of arguments
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emphasizes the notion that the implementation of educational policies depends on political
institutions. In these theories, the higher the level of enfranchisement, the greater public
expenditures on education. A third line of research stresses collective action problems in the
provision of schooling. For instance, inequality and ethnic and linguistic fractionalization lower
the likelihood of educational transfers (Engerman et al 1997). All these theories suggest that
countries with institutions more capable of dealing with these kinds of problems impart more
schooling.

While the previous theories emphasize the ability of different institutions to channel more
resources to schooling and improve access to education, other studies stress the role of the
efficiency of the educational system. Several authors highlight the idea that less centralized
governments tend to provide better education (Engerman et al., 1997; Lindert, 1999 and 2002).
Efficiency and political economy arguments show that decentralized administration and, in some
cases, financing of schooling produces a quantity and quality of education closer to the social
optimum (See Oates, 1972; Inman and Rubinfeld, 1997). The evidence on the relationship be-
tween resources and educational quality tends to be weak (e.g., Hanushek and Kimko, 2000).2
In addition, papers studying the effects of different educational systems on school outcomes
using microeconomic evidence find that school autonomy in personnel and process decisions,
teacher influence on teaching methods, and within-school budget allocations tend to produce
positive effects on educational results; while at the same time, centralized examinations and
allocation of resources have a positive impact on school quality (Fuchs and Woessman, 2004;
Woessman, 2003). Thus, this discussion suggests that while democratization should be more
able to increase the resources used in education and expand the quantity of education, de-
centralization of local power and of the management of schools should be more related to the
quantity of education.

In contrast, some papers argue that decentralization can create inefficient provision of ed-
ucation (See Haggard, 1999 and Bardhan, 2002 for reviews, Kremer et al., 2002 for empirical

evidence, and Gennaioli and Rainer, 2004 for a theoretical model). For instance, decentraliza-

*For instance, from a policy perspective, UNESCO (2005) argues that "In a good number of countries, large
increases in average real expenditure per student and other measures of school resources in primary and secondary
schools over the last four or five decades have not remotely been matched by a comparable increase in average
test scores." (p. 60).
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tion in the absence of local checks and balances could allow local elites to capture the local
government and block the provision of public goods or to channel expenditures towards their
members. Hence, the empirical evidence examined in this paper should give a more defini-
tive answer to the question of the effects of decentralization on educational outcomes and the
relative importance of democratization and decentralization on different educational outcomes.

Finally, there are other social characteristics affecting schooling. First, some authors suggest
that the process of consolidation of mass schooling during the 20th century is related to the
consolidation of national identity of several independent countries (Meyer, et al., 1992; Ramirez
and Boli. 1987). Second, other factors such as religion and cultural heritage can affect schooling
because various civilizations and faiths put different emphases on formal instruction (Engerman
et al., 1997: Lindert, 2002). A variant of this explanation is that the effects of colonial origins
on schooling are explained by different policies and regulations affecting Christian missionaries
(Gallego and Woodberry, 2006).

These explanations propose a number of patterns that can affect the level of schooling of a
country. Interestingly, most of them are related to institutional factors that have historical roots.
This connection suggests a link between theories explaining a country’s social organization using
colonial factors and theories explaining the development of educational institutions. The next

section expands this argument.

3.2.2 Historical Origins of Schooling

I assume that European colonization was an exogenous shock that affected the social institutions
of former colonies (Acemoglu et al., 2001, 2002, and 2005, and Engerman and Sokoloff, 1997 and
2002). The education system was one of those institutions affected by colonization. European
colonizers settling in an area were more willing to spend resources in instruction for their
children and for the native population. In contrast, extractive colonizers are not interested
in investing in an activity that has low and uncertain returns. Extractive colonizers settle in
high mortality areas with profitable opportunities in producing crops or minerals with large
economies of scale in native (and illiterate) populations. Then, educational investments have
low returns for the powerful elite that makes most of the public policy decisions.

Colonizers also established political institutions that were consistent with the distribution
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of political power that they faced. Colonizers established centralized administrations in areas
with one (or no) indigenous group(s) but tended to establish decentralized institutions in areas
with more than one ethnic group with power.?

Political institutions established by colonizers also affect their educational institutions be-
cause inclusive institutions are more democratic and locally decentralized and give the masses
the political power to demand and receive education. Finally, political institutions also affect
individuals’ willingness to invest in human capital. Institutional settings assuring the respect
for property and civil rights provide an incentive to accumulate human capital (i) directly, be-
cause there is less (political) income uncertainty, in the sense that expropriation is less likely,*
and (ii) indirectly, because these institutions provide more incentives to the accumulation of
other forms of capital that are complementary with human capital.’

A simple way to illustrate the relationship between current educational institutions and
outcomes and historical factors is to show that early and current educational institutions and
outcomes are related, i.e., there is inertia in schooling. Many authors have emphasized the
existence of institutional performance (e.g., Acemoglu et al., 2001), but delineating this persis-
tence has been difficult. There are several reasons why institutional persistence is plausible in
the case of education. Firstly, as pointed out by Acemoglu et al. 2001, setting up institutions
is costly, the gains of the extractive strategy are shared among the small elite, and there are
irreversible complementary investments. This means that educational policies, as part of a long
lasting and multidimensional cluster of institutions, are persistent. Secondly, intergenerational
inertia creates persistence in educational levels among members of several cohorts. Thirdly,

the accumulation of human capital is endogenous. Increases in the supply of education make

3The conventional wisdom is that the British tended to establish more decentralized structures of colonial
government than the French. However, the evidence suggests that there is some variation within this general
practice. For instance, Ollowu and Wunsch (2004) describe decentralization in several cities controlled by the
French in the presence of various ethnic groups starting with the municipal law of 1884; Brown and Roger-Luois
(1999) and Herbst (2000) argue that the British applied the indirect rule system in areas in which local groups
were more powerful.

1In particular, consider the case of “extractive institutions” in which the concentration of political and social
power in the hands of a small elite implies that the majority of the population risks being held up by the powerful
after they undertake investments (Acemoglu et al., 2002, p. 1263). Nugent and Robinson (2001) present a model
that links incentives to invest in human capital with the legal environment affecting access to land.

"Krusell et al. (2000) argue that there is a high degree of complementarity between human and equipment
capital. Clemens and Williamson (2000) confirm this view by showing that the fraction of population enrolled
in schools in the early 1900s had a significant effect on British capital inflows going to different countries.
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investment in human capital-related technologies more profitable which, in turn, encourages
schooling (Acemoglu, 2002). Finally, peer effects can explain low levels of education over sev-
eral generations even though there are policies aiming to expand schooling. I present evidence
that cross-country differences in schooling are highly persistent in Section 3.6. Clemens (2004)
also presents evidence of a high degree of inertia of schooling in different countries.

Several papers have related colonial or historical factors to schooling and educational in-
stitutions. First, Acemoglu et al. (2001) mention that educational policies are both part of
the cluster of institutions established by colonizers that persist to the present and that human
capital accumulation is a consequence of the development of democratic and neo-European so-
cial structures. Engerman et al. (1997) and Engerman and Sokoloff (2002) present a review of
country experiences and empirical evidence showing that suffrage institutions in the early 1900s
are associated with schooling. Easterly (2002) provides evidence that the share of income going
to the three middle income quintiles is associated with schooling results and that this variable

in turn is explained by a group of factors related to endowments and settler mortality.

3.3 Historical Background

Using the theoretical insights presented above, in this section I first review the historical record
looking for initial evidence on the relevance of the extent of the franchise and the degree
of political decentralization in accounting for the relationship among historical factors and
schooling. Probably the leading group of evidence comes from the impressive performance in
terms of schooling of former colonies like Australia, Canada, New Zealand, and the US around
1900. Engerman et al. (1997) and Goldin and Katz (2003) explain this pattern by describing
the experience of Canada and the United States as related to the development of schooling at
regional levels. Local authorities were able to organize and finance vast educational systems
from the very beginning of the independence in the two countries. Australia and New Zealand
present similar features. Both nations developed a massive and heterogeneous educational
system from the early 1800s. Both countries had several areas with European settlers in a
relatively competitive environment and, thus, there was space for the development of different

schools in each region. These schools were closely associated with the specific characteristics of
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people in each sector (in terms of religious, cultural, and ethnic aspects).5

Argentina provides another interesting case because it is the former Spanish colony having
the highest primary enrollment rate in Latin America in 1870-1930 and the highest educa-
tional attainment in the 1985-1995 period. The educational expansion was accomplished by
the provinces with federal involvement, especially after the 1860s, when President Sarmiento
expanded state participation in instruction. The Argentine case contrasts with the Mexican
experience where the central bureaucracy (from the colonial times) had a lot of power and
provinces did not have autonomy in most areas. This point is emphasized by Engerman et al.
(1997), who relate this lack of independence of local areas with the relative delay of Mexico in
terms of schooling in 1900.

Also concerning Latin America, Nugent and Robinson (2001) compare differences in the
paths of development of two group of coffee producers: Colombia-Costa Rica (CRC) and El
Salvador-Guatemala (ESG). While the former developed smallholder economies, the latter de-
veloped plantation economies. Nugent and Robinson (2001) present historical evidence that
these differences in economic structure are ultimately related to differences in the nature of
political competition. CRC had elites that were more polarized and competitive than ESG and
were more oriented toward mercantile activities. They present evidence that CRC have reached
higher levels of development than ESG (in terms of GDP, schooling, democratic institutions,
and human development). In their model, this divergence is a result of the lack of incentives to
accumulate human capital in the plantation economies, where peasants are held up as a con-
sequence of the monopsony power of landowners. Thus, this case study suggests that political
institutions that are historically rooted affect human capital accumulation.

Sierra Leone is an interesting case illustrating the relevance of decentralization. Reno (1995)
shows that after independence, some state initiatives to expand and decentralize social services
were ineffective because corrupt and autocratic chiefs controlled local governments. Gennaioli
and Rainer (2004) generalize this result for other African countries. This evidence highlights the
difference between the mere existence of various areas, and the existence of voice or democratic
power at the local level, which seems to be key for the expansion of education opportunities.

Not surprisingly, in 1985-1995 the adult population of Sierra Leone had an average of 2.1

“See Shaw (1967) for a description of the existence of heterogeneous local schools in Australia.
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years of schooling. A contrast comes from Botswana. From colonial times, democratic chiefs
bound by local checks and balances characterized Botswana that had an average of 5 years
of schooling among the adult population in 1985-1995. In addition, from the beginning of
independence, Botswana has invested significant resources in education, health and other social
services (Acemoglu et al, 2003).

Lindert (2002) emphasizes differences in the extent of the franchise among India, Pakistan,
and Sri Lanka as sources of divergent educational development. While Britain gave Sri Lanka
universal adult suffrage in 1931 (including provincial elections in 1931 and 1936), India received
only a very limited franchise in 1919. Lindert (2002) relates these disparities in political power
to educational results in the three countries. Whereas Sri Lanka had a primary enrollment rate
of more than 50% in 1935-40, India had an enrollment rate of less than 15% in the same period.
However, these developments do not necessarily reflect a causal connection between electoral
rights and schooling because in 1900 (before the formal extension of the franchise) schooling
differences were also significant. While Sri Lanka had a primary enrollment rate of more than
20%, India had an enrollment rate of less than 5%. The dissimilarity likely arises from the
Colebrooke-Cameron Reforms instituted in Sri Lanka during the first half of the 1800s. These
reforms unified the country and gave power and political participation to local citizens. The
reforms can be interpreted as an exogenous shock to the country’s institutions that produced a
number of differences in the extent of the franchise, schooling, and other institutions compared
to India. This historical event probably explains the success of Sri Lanka in expanding the
franchise vis-a-vis India and Pakistan.

Finally, Lindert (1999) studies the experience of European countries in the early 1900s and
strongly stresses the role played by school decentralization in schooling outcomes before 1914.
Countries with very different political regimes, such as Prussia and the United States, had high
enrollment rates. Lindert argues that Prussia, a central autocracy, left its schooling more to
local forces than has been realized, and the notorious Junker dominance in national politics
was largely irrelevant to the provision of schooling. School decentralization helps explain how
Germany and North America, although poles apart in their national politics, both led in mass

education.
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3.4 Empirical Framework

Using the theoretical and historical background described above, I develop in this section an
empirical investigation of the effects of historical factors on schooling. My main hypotheses are

the following:

e First, educational outcomes and institutions are persistent and, therefore, differences

among countries in levels of schooling can have historical origins.

e Second, certain characteristics of the countries that are historically given and that af-
fect the political institutions established by these countries may be able to explain the

relationship between historical factors and schooling.

e Third, among these institutional characteristics, the historical background and theoret-
ical arguments suggest that democracy and the degree of political decentralization are
potential candidates to account for this relationship. In particular, democracy may be
more correlated with measures of quantity of education (e.g., primary enrollment rates)
and decentralization of political power with measures of quality of education (e.g., average

years of education, secondary and higher education enrollment rates).

In this section I describe the empirical methodology I use to study these hypotheses. I use
two basic approaches to analyze the effects of historical factors on cross-country differences in
schooling. First, I study whether historical factors are correlated with current and past levels

of schooling. To do so, I first run reduced form equations of the following form:
Si=Za+X,8+e, (3.1)

where i refers to country, S is a schooling indicator, Z is a vector of historical variables (settler
mortality, population density in 1500, factor endowments less and more favorable to develop-
ment, and presence of various natives cultures before colonization), X is a vector of control
variables (religion shares, the national identity of the colonizer and, in some regressions, GDP
per capita), and e is an error term. Equation (3.1) correlates schooling with historical factors,

without considering the specific mechanisms that could explain the association.
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Next, I study how institutions mediate the effects of colonial factors on schooling. To do

so, I estimate the following system of equations using two-stage least squares:

Si =Yy +72Yai + Xi6 + ui, (32)
Yi = Z’1i7711 + Moy + X;91 + €14, (3.3)
Yo = lei7721 + Moo o; + X;92 + €2, (3.4)

where Y7 is a measure of democracy, Y2 is a measure of political decentralization, Z; is a
vector of instrumental variables for Y7 and Ys (settler mortality, population density in 1500,
and factor endowments less and more favorable to development) that allows me to identify an
exogenous source of variation for Y7 and Zs is an instrumental variable for Y2 (the number of
indigenous cultures before colonization started) that allows me to identify an exogenous source
of variation for Y5. In particular, as I show later, 1,5 is equal to zero in all regressions. Z will
be a valid instrument for Y as long as it is uncorrelated with w. Put it differently, the key
exclusion restriction is that in the population Cov(us; Z15;) = Cov(u; Z2;) =0 for j =1,...,4
(i.e., the variables included in Z} = [ Zy - Z4 }) An over-identification test is a useful
approximation to check this set of conditions.”

The motivation for this strategy is that I use two different sources of exogenous variation
that allow me to unbundle the contribution of two different political institutions on schooling.
By doing so, I am able to identify specific mechanisms for the effect of political institutions on

different educational outcomes.?

"The over-identification test is a Lagrange multiplier test statistic that, under the null hypothesis, is distributed
X"é?, where (@ equals the number of excluded exogenous variables minus the number of endogenous variables
included as regressors in (3.1). Hall and Jones (1999), Acemoglu et al. (2001,2002), Easterly and Levine (2003),
and Persson (2005) among others also use an over-identification test to study the validity of using historical
variables to explain current institutions.

" Acemoglu (2005) discusses the idea of unbundling institutions in the general context of comparative political
economy and Acemoglu and Johnson (2005) apply this idea to distinguish the effects of contracting and property
rights institutions on cross-country differences in economic development.
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3.5 Data

I use a dataset including more than 50 former colonies. Table 1 presents descriptive statistics
and data sources.

My indicators of current educational attainment is average years of schooling of the popula-
tion above 15 years of age (from Barro and Lee, 2001 and Cohen and Soto, 2001) and primary,
secondary, and higher education enrollment from the Global Development Network Growth
database in 1985-1995. To measure schooling in 1900, I use data from Benavot and Riddle
(1988) on gross primary enrollment rates for a sample of countries. Because this database has
not been widely used in the economic literature, a more detailed description of it is provided
in the Appendix to this chapter.

I use two indicators of democracy: (1) institutionalized democracy in 1900 and 1985-1995
from the Polity IV data set, (2) the Gastil index of civil rights from Freedom House for 1985-
1995.

Political decentralization is an indicator of the extent of local democracy and local political
power. This variable is constructed using information from Beck et al. (2000) and the Polity
IV data set. Using Beck et al. (2000), I construct a proxy for decentralization that takes a
value of 0 if neither the local executive nor the local legislature is directly elected by the local
population, 1 if either is directly elected and the other is indirectly elected or appointed, and 2
if both are directly and locally elected. The decentralization variable in the Polity dataset takes
three values: 1 refers to a centralized state (unitary state: no more than moderate decision-
making authority is vested in local or regional governments), 2 to an intermediate category,
and 3 to decentralized states (federal state: local and/or regional governments have substantial
decision-making authority). For 1985-1995, I use the average of the Beck et al. (2000) and
Polity normalized indices and the Polity index for 1900.°

I also construct two measures of the degree of decentralization of education systems using

data from the UNESCO World Data on Education databank. The first measure is a dummy that

9Notice that my decentralization index is different from other measures used in the literature. While decen-
tralization is typically measured as the subnational share of total government spending (e.g., Fisman and Gatti,
2002), my indicator is related more to a measure of local democracy. This distinction is important because the
lack of local checks and balances is one of the factors that explain why some theories predict a potentially negative
effect of decentralization on education and other social outcomes (Bardhan and Mokerjee, 2000; Bardhan, 2002;
Gennaioli and Rainer, 2004). My measure combines both centralization of government and local democracy.
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takes a value of 1 if the administration of schools is decentralized to the provincial or municipal
level, and 0 otherwise. This measure aims to capture local autonomy to manage schools. The
second measure of decentralization aims to capture the degree of financial decentralization of
schools. The variable takes a value of 0 if provincial /municipal levels have no financial autonomy
to manage and raise school resources, 1 if the local level has some autonomy to manage and
raise education funds, and 2 if local levels have complete or almost complete autonomy to raise
and manage education funds.

T use two historical colonial variables from Acemoglu et al. (2001, 2002): settler mortality
risk and population density in 1500. Settler mortality represents the potential mortality risk
faced by colonizers (see Acemoglu et al 2001). Population density in 1500 is a measure of the
density of the native population and, therefore, adds information about the colony’s labor supply
and the opportunities of taking over the pre-colonial tax system and establishing extractive
institutions (Acemoglu et al 2002; Engerman and Sokoloff 2002).

I classify a country’s agricultural and mineral endowments as “good” for development or
as “bad” for development. Easterly (2002) and Easterly and Levine (2003) use a group of 11
dummies to indicate whether a country produced any of a given set of leading commodities
(crops and minerals) in 1998-1999. Following the rationale of Engerman and Sokoloff (2002)
the commodities less favorable to development are bananas, coffee, copper, rice, rubber. silver,
and sugarcane. The commodities more favorable to development are maize, millet, and wheat.

I use data from Murdock and White (1969) on the number of indigenous cultures as a
measure of the number of ethnic groups living in a country when colonizers arrived. I use a
dummy that takes a value of 1 if there was more than one ethnic group and 0 otherwise. Because
colonizers established a state that, at least partially, resembled the preexistent distribution of
power, societies having only one ethnic culture tended to develop more centralized states.

I proxy for religious and cultural heritage with the share of the population that is Roman
Catholic, Muslim, or another non-Protestant religion and with the national identity of the
colonizer (British, French, and Spanish). The shares of a religious denomination are from
Barrett (1982) for 1900 and La-Porta et al. (1999) for 1985-1995. The identity of the colonizer
is from CIA (2002).
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3.6 The Effects of Historical Factors on Schooling

In this section, I study the relationship between schooling and historical factors. I first show
that cross-country differences in schooling are persistent. Next, I show that schooling is related
to historical factors such as settler mortality, population density, factor endowments, and the
number of native cultures before colonization.

Before estimating the reduced form equation (3.1) I implement three raw tests to asses
some of the underlying assumptions of using historical factors to explain schooling. First, I
evaluate the persistence of the cross-country variability of schooling. Figure 1 presents the
results of regressing education attainment in 1985-1995 on primary enrollment in 1900. Results
suggest that there is a high degree of persistence in cross-country differences (even if I do
not incorporate the countries with higher levels of enrollment). The regression for the complete
sample explains 63% of the cross-country variation in current levels of schooling. The Spearman
rank correlation is 0.69 (a test rejects the null hypothesis that schooling variables in the past
and today are independent). This evidence suggests that schooling is highly persistent and that
its early and current levels are closely related.!’

Second, I explicitly assume that the causality goes from political institutions to schooling.
An implication of this result is that changes in democracy should precede changes in primary
enrollment. Panel A of Table 2 presents results along those lines. Taking a sample of former
colonies with data for primary enrolment and democracy from 1870 to 1940, I find that changes
in democracy precede changes in primary enrollment and that changes in primary enrollment do
not precede changes in democracy. Thus, these results provide an indirect test of my assumption
supporting the idea that causality comes from institutions to schooling and not vice versa.!!

Third, a recent alternative hypothesis offered by Rajan and Zingales (2006) suggests that

10As a comparison, Acemoglu et al. (2001) conclude that the degree of persistence of institutions is high when
their measures of early institutions explain about 20% of the variability of current institutions (and the rank
correlation between both variables is 0.20).

1 Gleaser et al. (2004) find that education precedes democracy and not vice versa, using data for 1960-2000.
In contrast, Acemoglu et al. (2004) find that education does not foster democracy, using data from 1965 to
2000 when including time fixed effects. I do not have a comparable dataset of my primary enrollment measure
after 1940 so I cannot extend the analysis forward. More importantly, my exercises captures a period in which
both education and democracy were developed basically from a country perspective. In subsequent periods both
variables have been pushed by global and external policies and, therefore, may not accurately capture country-
specific variation (even though the time dummies should take care of this, they may not do so perfectly). Clemens
(2004) presents a detailed review of international policies aimed to increase education levels in poor countries.
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institutions have no direct effect on measures of development, after controlling for the share
of the European population in 1900. They interpret the share of the European population as
an indicator of education homogeneity in 1900. Certainly, many alternative interpretations for
the same variable are also plausible. For instance, Acemoglu et al. (2001) interpret the same
variable as an indicator of the existence of the share of the population wanting to establish
a broad set of good institutions. More importantly, Rajan and Zingales (2006) support their
claims by including measures of democracy, the share of the European population, and primary
enrollment in 1900 as regressors in a regression of educational outcomes in the present. This
regression is hard to interpret because at least some of these variables may be jointly deter-

mined and affect each other and probably have a lot of measurement error.!?

Therefore, an
OLS regression on these variables is not identified. One needs to find potentially valid sources
of exogenous variation for each dependent variable to identify the causal effect of these histor-
ical variables on schooling. In Panel B of Table 2 I implement such an exercise using three
plausible instruments for the three endogenous variables: settler mortality as an instrument for
democracy, population density in 1500 for the share of the European population, and the num-
ber of Protestant missionaries per capita in c¢. 1900 for primary enrollment (from Woodberry,
2002, and Gallego and Woodberry, 2006). Results suggest that, using these three instruments,
conclusions change dramatically. Only democracy and primary enrollment have positive effects
on years of schooling in the present (effects are in general marginally significant). Moreover,
the effects are economically relevant: a one standard deviation increase of democracy in 1900
increases years of schooling by about 4.5 years in the regression including controls (and by about
three years in the regression without including controls). Similarly, a one standard deviation
increase of primary enrollment in 1900 increases education today by about 2.5 years (about 2.7
years in the regression without including controls).!* Overall, evidence in both panels of Table
2 provide a first group of evidence that suggests that institutions established in the past affect

educational outcomes today.

"For instance, measuring the share of the European population is much easier than measuring the number of
children that go to school, which is much easier than measuring a subjective concept like democracy.

"“In the first stages (unreported in the text but available from the author), as expected, the instruments
[ postulate are statistically significant (settler mortality for democracy, population density for the share of
the European population, and Protestant missionaries for primary enrollment) and the other variables are not
statistically significant in the regressions without controls.
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Table 3 presents reduced form estimates for my main measures of schooling in 1900 (primary
enrollment rate) and 1985-1995 (average years of schooling of the adult population, primary,
secondary, and higher education enrollment rates), based on equation (3.1). Odd numbered
columns present results without including covariates and even numbered columns present results
including covariates (the identity of the main colonizer, and religion variables). Most historical
variables are statistically significant considering conventional significance levels and explain a
relevant share of cross-country variability (more than 50%).

Regarding the estimated effects of historical factors, settler mortality, population density in
1500 and the dummy for good factor endowments present the expected signs (i.e., higher settler
mortality and population density decrease schooling, and having good endowments increases
schooling). Results for the dummy for bad endowments present the expected sign but are
statistically significant in only about half of the specifications.

Results for the variable measuring the number of cultures before colonization are interest-
ing. This variable has a positive and significant effect only for regressions measuring average
years of schooling and secondary and higher education enrollment. In contrast, the number of
native cultures before colonization is not statistically significant in the regressions for primary
enrollment levels both in 1900 and 1985-1995. This evidence brings indirect support to my
theoretical discussion in Section 3.2. I argue that the number of native cultures before col-
onization captures an exogenous source of variation of decentralization of political power. If
decentralization is more important for advanced levels of schooling, which, as I argue, are more
related to quality of education as I argue, I would expect the number of native cultures to be
significant only in regressions measuring advanced levels of schooling. The evidence in Table 3
supports this view.

The inclusion of controls for the religious denomination of the population and the national
identity of the colonizer does not affect the significance of the effects of historical variables
on schooling. Results confirm previous findings that former British colonies and Protestant
countries tended to develop more extensive educational systems circa 1900 and that these
variables are not correlated with educational outcomes when using modern data (Benavot and
Riddle, 1988).

As a whole, Table 3 shows that there is a robust and significant relationship between his-
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torical factors and schooling variables. For example, after controlling for religion variables, a
country having settler mortality in the lower 25% of the distribution has a population with 1.5
additional years of e