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Effects of spatial competition on public educational efficiency: an analysis for the Chilean

Metropolitan Region.

Abstract: This study analyzes the effect of spatial competition on public schools’ efficiency in Chile, an extreme case
of market-oriented reforms in the educational sector. To address this issue, we use a measure of competition that
captures three major characteristics of market competition in a spatial context: the number of competitors, based on
distance buffers; the size of competitors, measured by the enrollment of voucher schools; and the geographical distance
among public schools and their competitors. To control for the potential endogeneity of our measure of spatial
competition on public schools’ efficiency, we use an instrumental variable based on the discontinuities generated by
admissions municipality boundaries. We do not find evidence that public schools’ efficiency increases or decreases as
the result of the increment of voucher schools located near to public schools, an increase in the enrollment of existing
voucher schools, or both factors simultaneously. This result is robust to: (1) the limit of education market or other
measures of spatial competition; (2) the methodology used to compute the efficiency measures; and (3) whether we

explain efficiency or educational performance.
Keywords: Educational vouchers, public efficiency, spatial competition, Chile

JEL classification: C26, D47, 121

1. Introduction

In Chile, a large amount of research has focused on studying the effects of market-oriented
education policies. Empirical evidence highlights that the competition encouraged by introducing
the voucher system improves student academic performance (Gallego, 2002; Auguste and
Valenzuela, 2004; Bravo et al., 2008). However, other studies find neither a statistically nor
sizeable relationship (Hsieh and Urquiola, 2003; Cartagena Farias and McIntosh, 2019; Hofflinger
et al., press). Instead, they suggest that policies oriented by competition principles inevitably lead
to students' segregation by income and skills (Torche, 2005; Valenzuela et al., 2008; Mizala and
Torche, 2012; Elacqua, 2012; Santos & Elacqua, 2016; Gonzalez, 2017).!

The educational efficiency study is another strand that has received significant attention in the

national literature (McEwan & Carnoy, 2000; Mizala, A., Romaguera, P., & Farren, D., 2002;
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Tokman, 2002; Thieme, Prior & Tortosa-Ausina, 2013; Munoz & Queupil, 2016). This issue is
crucial because despite the national government's attempts to transfer more resources to the public
education system, evidence show that private schools continue to be more efficient. Some critical
elements to consider are the few incentives and limited technical capacities that public education

providers have (Bellei et al., 2018).

An interesting question to consider is whether the increased competition produced by the
incorporation of voucher schools has had an impact on the public schools’ efficiency. In economic
terms, competition can affect the technical efficiency by altering schools’ ability to produce better
results at the cost of increasing the inputs and financial resources necessary to achieve acceptable
levels.? According to the traditional economic theory, inefficiency arises from a lack of incentives
in schools to behave efficiently and competition can be an incentive mechanism to promote a better
use of resources (Grosskopf et al., 2001; Garcia-Diaz et al., 2016). In spite of the fact that the
national literature has focused on the effect of the market-based policies on educational outcomes,
competition is still a missing piece to understand how educational reforms implemented in the

1980s created the right incentives to promote and provide education efficiently.?

Therefore, the purpose of this article is to explain the effect of competition on the technical
efficiency of public schools in the Metropolitan Region (RM) of Chile. To accomplish this
objective, we address the following two relevant aspects. First, we use a gravitational index
proposed by Misra and Chi (2011) to measure the spatial educational competition faced by public
schools. This index has the advantage of including three significant market competition
characteristics: the number of competitors, the size of competitors, and the geographical distance
among competitors (Misra and Chi, 2011). These characteristics are in line with the implicit
assumptions of spatial competition theories, which state that what really matters for the competition
is the number of schools can be reached within a given travel cost, distance, or time (Gibbons et
al., 2008; Chumacero et al., 2011). The above is crucial since previous studies have used measures

of competition that ignore their effects beyond specific geographic areas.
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Second, we extend the approach of Misra et al. (2012) by taking into account the potential
endogeneity of the competition index on schools’ technical efficiency. Since the voucher schools’
decision to locate might also be a function of neighborhood characteristics and the performance of
public schools, OLS estimated relationships might be biased (Hoxby, 1994; Hsieh and Urquiola,
2003; Gibbons et al., 2008). Thus, we employ an instrumental variable (IV) approach using as a
source of exogenous variation the distance of public schools to the center of each municipality
(Gibbons et al., 2008; Noailly et al.,, 2012). Finally, this study contributes to increasing the
empirical evidence required to enrich the discussion about the need and relevance for better

educational policies such as the recent New Public Education Law of 2017 (21.040).

The remainder of this paper is organized as follows: Section 2 introduces the education policy in
Chile. Section 3 presents the literature review on educational efficiency, competition, and space.
Section 4 and 5 describe the methodology and data, respectively. Section 6 presents the results.

Section 7 concludes.

2. Educational policy in Chile

In 1981, the Chilean government transformed the education system with a range of policies that
included: (1) the decentralization of schooling from central to local governments, (2) privatization
of the educational market, and (3) introducing a voucher-type per-student subsidy (Sapelli and Vial,
2002; Sapelli, 2003; Gallego, 2002; Cartagena Farias and MclIntosh, 2019). These reforms
motivated the implementation of a country-wide voucher system, which began with establishing
private-subsidized schools (or voucher schools) (Mizala & Romaguera, 2002; Contreras et al.,
2005; Bellei, 2015). Since voucher schools have the incentive to attract students from public
schools, more competition should result in mechanisms that force public schools to improve
quality, make more efficient use of existing resources, adopt innovative learning approaches, or

leave the market (Egalite, 2013; Gauri and Vawda, 2004; Belfield and Levin, 2002).

In this institutional setting, one of the most critical aspects is the allocation of monetary resources

to schools (Gonzales, 2003; Paredes & Pinto, 2009). The central government transfers funds to
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public and private schools by each enrollment, conditional on student attendance during the school
year. Thus, a student chooses a school, carries its voucher, and the school receives the monetary
amount corresponding to the coupon. If the student decides to change the school, the voucher
moves with him/her. For this reason, this financial plan is also known as "funds follow the students"
(Mizala and Torche, 2012). Besides, voucher schools are allowed to charge tuition to families to

supplement the payment received by the government (shared financing).

As aresult, Chile became one of the countries with the most considerable participation of for-profit
firms in the provision of schooling, causing a rapid expansion of voucher schools and a continuous
reduction in the public-school enrollment shown in figure 1. The increased demand for private
education has resulted in a weakening and constant public system abandonment. These schools

exist only as a "plan b" to educate whom private schools cannot or do not want (Bellei et at., 2018).

(Insert figure 1, about here)

The observed students' migration between schools is closely related to families' preferences and
socioeconomic conditions (Elacqua & Fabregas, 2004; Ayala, 2010). While some families choose
schools according to technical criteria as the educational quality (Sapelli & Torche, 2002; Gallego
& Hernando, 2010; Chumacero et al., 2011), other families decide on more practical aspects. For
example, the lower-income families consider factors such as economic restrictions, educational
experience of neighbors, a safe environment, or the physical distance between the school and home
(Cordoba, 2014; Bellei et al. 2016; Roman, M. and Corvalan, J., 2016; Gonzalez, 2017).
Meanwhile, middle-income families consider the social aspects of schools, mainly to differentiate
from the poorest and avoid the social mixture (Canales, Bellei & Orellana, 2016). In this vein,
Kosunen & Carrasco (2017) mention that the schools’ reputation takes an essential position in
Chile due to long-lasting benefits in students’ social reproduction. In this way, the education system
gives rise to a structure of self-segregation with significant consequences in academic performance

(Mizala and Torche, 2012).
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Sorting effects are even more significant due to the exclusion processes led by the schools. On this
aspect, Carrasco, Gutiérrez & Flores (2017) argue that school selectivity arises as a schools'
mechanism that allows responding to the educational system's requirements. Therefore, and even
in the absence of demand pressure, schools decide to educate certain students according to strict
selection criteria (Contreras, Sepulveda & Bustos, 2010; Mizala and Torche, 2012; Valenzuela et
al., 2008). By contrast, public schools must accept all students, some of whom have more teaching
difficulties, requiring more monetary and non-monetary resources. The Inter-American
Development Bank (BID for its acronym in Spanish) (2018) highlights the critical management
and financing problems that the public system face, where 63% of Chilean public schools had
structural deficits in 2015, representing a relevant restriction for the competitiveness of these

schools.

Recently, the Chilean government modified the educational policy to strengthen public schools.*
One of the most meaningful actions was the School Inclusion Act implemented in 2015.°> This
educational reform improves public schools’ support and prohibits the profit for private schools
receiving state contributions into the shared financing system. This initiative also seeks to eliminate
all forms of arbitrary discrimination or segregation by regulating the school admission system.
Despite this vital step, the Chilean education system remained a system guided by market-oriented

dynamics (Bellei et al., 2018).

Later in 2017, the government enacted Law 21,040 (called New Public Education) to improve the
General Education Law of 2009.° This institutional change created a new figure in the school
system: The Local Education Services (SLE for its acronym in Spanish).” The SLEs are an
intermediary level between the National Education Board and public schools. Some examples of
this arrangement are Local Education Authorities (LEAs) in England or School Districts in the
United States. In this way, the schools' financial, administrative, and operational affairs are
transferred from municipalities to SLEs. It is a relevant change in comparison with the first market

reforms implemented during the 1980s.

3. Literature review
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Considering the vast amount of research about school choice, our literature review focuses on: (1)
the national and international empirical evidence on the relationship between competition and
schools’ efficiency, (2) the empirical measures of spatial competition used in the education

literature, and (3) the instruments used to identify the effect of competition on efficiency.

National and international empirical evidence on the relationship between competition and

efficiency.

To our knowledge, there is no empirical evidence about the effect of competition on schools’
efficiency in the Chilean context. Instead, studies have focused on determining the competition’s
effect on educational outcomes, determining the degree of efficiency, or comparing the amount of
competition faced by different types of schools. Regarding the last point, the national evidence
shows that private schools are more efficient than their public counterparts (Mizala, A.,
Romaguera, P., & Farren, D., 2002; Thieme, Prior & Tortosa-Ausina, 2013; Munoz & Queupil,
2016). However, other studies point out that public schools have not always the worst performance
(McEwan and Carnoy, 2000; Tokman, 2002). Although these articles use robust empirical
strategies, the evidence is limited to studying the effects of internal inputs on schools' efficiency,

leaving out those external factors, such as the degree of competition that public schools face.

Although international literature has directly studied the effect of competition on efficiency, the
results are not conclusive. For instance, studies applied widely in the US have found that higher
competition increases schools’ efficiency (Bradley et al., 2001; Millimet and Collier, 2008; Misra
et al., 2012; Agasisti, 2013). However, other empirical cases highlight that competition is a source
of inefficiency for schools, especially for the public ones (Kang and Greene, 2002; Andersen and
Serritzlew, 2006; Ni, 2009; Garcia- Diaz et al., 2016). As regards the latter, McMillan (2000, 2004)
concludes that public schools have incentives to reduce their productivity into a competition
context. This situation occurs because it is less expensive to give up a part of the market than
seeking to capture a high-income demand with special educative requirements. Other authors, as
Grosskopf et al. (2001), conclude that competition has no relation to the schools' technical

efficiency.
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Spatial competition

When considering the effect of competition on educational outcomes/efficiency, it is crucial to
explicitly incorporate geographical space into the discussion (Bradford, 1990; Bell, 2009; Taylor,
2001a; André-Bechely, 2007). Space is a significant element because it defines educational markets
or influence areas where schools interact (Glatter et al., 1997; Taylor, 2001b). Furthermore, space
reveals and shapes the geographical inequalities of educational opportunities. For example,
education provision is closely related to parents' socioeconomic characteristics, which vary across
space (Oberti, 2007; Bell, 2007). Moreover, the traditional spatial theories state that what matters
for the competition is the number of schools reached within a given travel cost, distance, or time
(Gibbons et al., 2008; Chumacero et al., 2011). Thus, a correct measure of competition should
include three significant market competition characteristics: the number of competitors, the size of

competitors, and the geographical distance among competitors.

However, most of the empirical approaches employ conventional competition measures, such as
the share of students in private schools (Jepsen, 2002; McMillan, 2000), the total number of private
schools (Arum, 1996), or the Herfindahl concentration index (Borland and Howsen, 1993). The
main disadvantage of these measures is that competition is delimited to some administrative area
resulting in an aggregation bias by imposing homogeneity in a space conformed for different units
(Misra and Chi, 2011). In the national context, Cartagena Farias and Mclntosh (2019) use the
number of voucher schools in a fixed geographic radius around schools instead of geographical
boundaries to represent educational markets. However, this measure assumes that competition’s
levels are the same within the radius, limiting a better representation of the spatial competition.
Despite this problem, the authors find that the number of voucher schools negatively affects public

schools’ educational quality.

To solve these problems, Misra and Chi (2011) provide a refreshing approach considering the

number and the size of competitors, as well as their distance. This index was used later by Misra
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et al. (2012) for the Mississippi case, finding positive results from the competition on the
educational efficiency. Although these authors do not consider the endogeneity problem, this index

demonstrates a better representation of the competition.

Endogeneity of competition and instruments

Since the schools’ decision to locate might also be a function of neighborhood characteristics and
the performance/efficiency of surrounding schools, any traditional estimator as the OLS might be
biased (Hoxby, 1994; Hsieh and Urquiola, 2003; Gibbons et al., 2008). To deal with this issue,
most of the national and international studies use an instrumental variable approach to identify the

true effect of competition.

The most employed instrument in the US is the religious affiliation of families or schools to
minimize selection’s effects (Hoxby, 1994; Dee, 1998; Sander, 1999; Jepsen, 2002; Geller et al.,
2006). In this context, Bettinger (2005) uses two different instruments: the distance from public
schools to state universities and the Herfindahl index based on racial shares. The author notes that
racial diversity is a useful instrument because it must not be related to student performance,
although it does not always hold in the United States. In Sweden, Béhlmark and Lindahl (2015)
use the size of independent schools (i.e., a voucher school in Chile) in each market area. Sandstrom
and Bergstrom (2005) suggest exploiting municipalities’ attitude towards independent schools as
a source of exogenous variation in the same context. These authors argue that a hostile attitude

towards these schools leads to reducing competition levels in school markets and vice-versa.

In the Chilean context, Gajardo and Grau (2019) use three different instruments proposed by the
literature: the total district enrollment (Gallego, 2002), the district population (Hsieh and Urquiola,
2003), and the district urbanization rate (Auguste and Valenzuela, 2004; Gallego, 2002; Hsieh and
Urquiola, 2003). In this vein, Gallego (2002) argues that geographical characteristics are related
to the new schools’ penetration in certain areas. This author assumes that voucher schools are
mainly an urban phenomenon so that a positive relationship could be expected between the

urbanization rate of the municipalities and the levels of schooling competition.
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Finally, Gibbons et al. (2008) propose the distances between schools and municipalities’ centers
as a novel instrument for spatial competition. Based on the argument of transport costs, these
authors argue that schools located in the periphery perceive less competition than those located
near the center. These authors conclude that pupil achievement in Primary schools in England
increased because of the schooling competition. This result is supported later by Noailly et al.

(2012), who use the same identification strategy for the Netherlands case.

4. Methodology
4.1. Estimating schools’ efficiency

Similar to Millimet and Collier (2008) and Misra et al. (2012), we use a production frontier model
to estimate each public school performance compared with the so-called efficient frontier. We
assume that each public school has the following Cobb-Douglas production function (Schmidt and

Sickles, 1984):

In(y;) = f(n(x;e); B) + vie — w; (1)

Where y;; is the observed national standardized test scores in either reading or mathematics for
public school i in year t =2016, 2017, 2018; f(In(x;;) ; B) is a linear function that relates the K x
1 vector of inputs In(x;;) with the outcomes, whereas f is the vector measuring the marginal
productivity of each input; v;; is the traditional random error which is assumed to be uncorrelated
with the choice of inputs; and u; > 0 is the time-invariant technical inefficiency of school i. As the
technical efficiency of schools increases, the value of u; becomes close to zero, indicating that the

school 1 has efficiency near the optimum. The function to estimate is then given as:

Iny; = Bo + Ixyf + vie — w;
= a; + Inxyf + v, (2)
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where a; = [, + u;. Under this model, both u; and «a; are assumed to be fixed parameters that are
to be estimated along with the parameter vector f. In this article, model (2) is estimated using the
standard Fixed-Effect (FE) panel data model for two reasons. First, in the FE model u; is allowed
to be correlated with input variables x;;, which is a more plausible assumption in the current
context. Second, unlike a RE model, it is not necessary to assume a certain distribution for the fixed
effects, which frees us from a potential misspecification problem. Therefore, as the estimates will
be used in a second stage, it is more desirable and conservative to obtain consistent rather than

efficient but potentially biased estimates of the fixed effects.

Once the model is estimated, the relative distance of each school to the efficiency frontier is

computed as:

11\! = max{d\l} - &\la

so that the school with the highest & is assumed to be frontier (Schmidt and Sickles, 1984; Millimet
and Collier, 2008). Thus #; x 100% is the percentage by which actual national standardized test
scores can be increased by public school i using the same inputs if production is fully efficient. In
the other words, #; x 100% is the estimated percentage of the standardized test score that is lost

by school i due to technical inefficiency.
The school-specific efficiency, which is used in the second step, is obtained from:
TE, = exp(—@,)), i=1,..,N. (3)
The technical efficiency of school i is interpreted as follow: if TE, x 100% = 65%, the public

school is producing only 65% of the maximum possible (frontier) of good scores in the

standardized test.

4.2. An index for spatial competition
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To assess the effect of spatial competition on schools’ efficiency, we use the gravitational

competition index proposed by Misra and Chi (2011). Formally, the index is computed as follows:

1 _
A; = E. Zf;ei E; dijz' 4)
l

where A; represents the level of competition faced by public school i; Ej is the students’ enrollment
in voucher school j and S is the total number of competitors, whereas E; is the total enrollment in
public school i; and d;; is the Euclidean distance between the public school 7 and its neighboring
voucher school j. Note that we consider vouchers schools as competitors for public schools because

vouchers and public schools receive public funding based on enrollment.

The measure in Equation (4) has the advantage of including three major characteristics of market
competition in a spatial context: the number of competitors, based on distance buffers; the size of
competitors, measured by the enrollment of voucher schools; and the geographical distance among
competitors, measured by d;;. Since the distance is squared, it is assumed that spatial competition
is nonlinear and decline faster than proportionally to the distance. Thus, closer voucher schools are

considered as stronger competitors for public school i.

Another important advantage of this spatial competition measure is that is not constrained to a
specific geographical area based on administrative boundaries. Previous studies define the
educational market area based on the number of voucher schools in a given municipality (Gallego,
2002; Auguste and Valenzuela, 2004), however it is misleading to assume that a voucher school
located in the boundary of the municipality i cannot be a competitor of a public school in
municipality j. By assuming different distance buffers for computing the number of competitors,

S, of public school i, we circumvent this problem.

4.3. Instrumental variable approach

Similar to Misra et al. (2012), we propose the following regression model to evaluate the

relationship between public schools’ efficiency and spatial competition:
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In TEI’C = BlnAl + lnx’i6 + fc + €ic, i = 1, ., N, (5)

where TE;. is the public school i’ efficiency located in municipality ¢, which is estimated using
Equation (3); 4; is the spatial competition index given by Equation (4); x; is a set of exogenous
covariates that affect school i1’s efficiency; &, is a fixed effect at the municipality (market) level
and €;, is the error term. It is important to note that schools’ technical efficiency given by Equation
(3) is time-invariant, thus Equation (5) is estimated by OLS for different time periods. Due to the
short panel (T = 3), the time-invariant assumption seems more appropriate in this context (see also

Millimet and Collier, 2008, for a similar argument).

The purpose of this paper is to determine whether more competition can be an incentive mechanism
for public schools to promote better use of resources and hence increase their efficiency, > 0.
However, OLS estimates of Equation (5) can be biased. For example, if public schools tend to
increase their efficiency, then voucher schools may have less incentive to be located near the area
of operation of these public schools. Hence, entry into the market is endogenous to public school
efficiency (Gajardo and Grau, 2019). If such is the case, the OLS estimate of § is downward biased.
Also, unobserved variables might affect efficiency of public schools and potentially be correlated
with the degree of competition. For instance, voucher schools may be more common in high-
income areas. If high income is also associated with schools’ efficiency (because they receive better
students), the relationship between competition and efficiency is biased (Andersen and Serritzlew,
2006; Noailly et al., 2012). Finally, competition might be measured with error resulting in

attenuation bias.

To deal with endogeneity, we propose an IV approach to reduce the potential biases of . The

first step is estimated by the following reduced equation:

In AiC = Adistie + lnx’iy + T¢ + Vic » (6)
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where x; is the set of assumed pre-determined variables in Equation (5) at the school level; 7, is a
municipality FE, and dist;. is the additional instrument. Following Gibbons et al. (2008) and more
closely Noailly et al. (2012), dist;. measures the linear distance between school i and the center of
the municipality, c.! The argument provided by Gibbons et al. (2008) is that those families living
near the boundaries of any administrative area will prefer to enroll their children in schools located
in these limits rather than farther schools avoiding high costs travel. This means that schools located
on the periphery will face less competition than schools located in or near the center. Thus, we
should find that 2 < 0 in Equation (6): the higher the distance of public school i to the center of

the municipality, the lower the degree of spatial competition that it faces.

An important assumption is that the distance from public schools to the center is not correlated
with other unobserved characteristics at the student, schools, and/or neighborhood level that might
affect schools’ efficiency. Thus, we try to minimize the potential correlation of the instrument with
the error term €;. by controlling for a large set of public schools’ characteristics and municipality

fixed effects to consider the unobserved differences of efficiency at the market level.

5. Data

To carry out this analysis, we use information from different databases of the Educational Quality
Measurement System (i.e., SIMCE) and the Chilean Ministry of Education (MINEDUC). Our
sample consists of 1,843 public schools’ observations in the Metropolitan Region for three years
(2016 - 2018). Although two major educational reforms took place in this period, these were
implemented gradually without affecting our study case. For example, the School Admission
System (SAE) enabled by the School Inclusion Act began operating in 2016, but only until 2019
was implemented in the Metropolitan Region. Likewise, the transition to Local Education Services
(SLE) as public educational authorities was progressive. It began in 2018 with the implementation
of 4 local services, impacting four regions of the country. One of the first SLEs created in the

Metropolitan Region is responsible for 77 public educational institutions and 23 thousand students.
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Therefore, to maintain data consistency, we excluded those schools transferred to local services

according to Law 21.040.

To estimate the efficiency equation, we use the average SIMCE score across all grades in reading
and mathematics for public schools as academic output.® Although this indicator is supposed to
represent schools' effectiveness, it is not the only nor the most complete measure (Ortiz-Céceres,
2012). However, studies in the Chilean literature have used it to allow objective comparisons. As
inputs for the efficiency equation we use government subsidies to public schools,’ the total number
of scholar elements provided by the National Scholarship and School Aid Board JUNAEB (Junta

Nacional de Auxilio Escolar y Becas), and the number of teachers as a measure of human capital.

Socioeconomic information is also available. Using cluster analysis, the SIMCE methodology
allows the classification of students into five categories (low, medium-low, medium, medium-high,
and high) based on criteria as parents' schooling, monthly household income, and level of school
vulnerability. This information reveals the social composition of each school in our database. For
example, as shown in Table 1, public schools in the Metropolitan Region have, on average, 23%
of students with low socioeconomic status, and 52% of students with a medium-low socioeconomic
status. As might be expected, the percentage of students with better socioeconomic conditions is
small. Therefore, we can say that a critical aspect of data is the schools’ significant vulnerability
level (Elacqua, 2012). We include these characteristics in Eq. (5) because the socio-economic

background is relevant in the academic performance of students.

(Insert table 1, about here)

Finally, using the geo-referenced information available in the official of MINEDUC, we built the
spatial competition index for each public school in our sample. Initially, we consider a 3 km radius
to represent each educational market as Cartagena Farias and Mclntosh (2019). However, in the

robustness section, we extend the analysis to take into account other distances.

6. Results
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6.1. Results for public schools’ technical efficiency

Table 2 shows the results of Equation (2) for the FE estimator using the period span with the most
available public information on school inputs (2016-2018). The columns in this table correspond
to reading (column 1), mathematics (column 2) and the average of both SIMCE scores (column 3).

(Insert table 2, about here)

The results show that the correlation between the inputs and education outcome differs between
reading and mathematics. The grants per student reduce the education outcome, whereas the
teacher-student ratio is positive correlated with both tests. In particular, a 1% increase in the
teacher-student ratio is correlated with an increase of 0.027% and 0.025% in reading and
mathematics performance, respectively. The school elements per student seems to matter for the
reading test and the average of both. The result that some of the observable inputs tend to have
little impact on the student test scores and the relative low explanatory power (within-R2 between

3% and 5%) is also found by Millimet and Collier (2008) and Misra et al. (2012).

The bottom of Table 2 shows the summary statistics of the schools’ efficiency estimated using
Equation (3). On average, public schools have higher efficiency in reading compared to
mathematics: on average, public schools achieve 72% and 63% of the maximum potential output
for reading and mathematics scores, respectively. The average efficiency is somewhat larger than
those found by Millimet and Collier (2008), but closer to those reported by Misra et al. (2012) for
public schools in Mississippi, and lower to those reported by Garcia-Diaz et al. (2016) for Mexico.
The least efficient school achieves only 57% and 45% of its maximum achievable SIMCE score in
reading and mathematics, respectively. In terms of variability, Figure 3 shows that there exists
more variability in the test scores for mathematics than for reading, which is a consistent result in

the literature (see for example Millimet and Collier, 2008; Garcia-Diaz et al., 2016).

(Insert figure 2, about here)

6.2. Is spatial competition correlated with public schools’ efficiency?



469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498

In this section, we explore whether there exists a relationship between public schools’ efficiency
and geographic proximity to voucher schools. Table 3 shows the OLS estimates of Equation (5)
using as dependent variable the public schools’ efficiency to produce good results in reading
(columns 1-3) and mathematics (columns 4-6) for the three years under consideration. To consider
the potential correlation of residuals when the same municipality manages a group of schools,

cluster standard errors at the municipality level are used in all specifications.

(Insert table 3, about here)

For both tests and all available years, we can observe that there exists a statistically significant
negative correlation between the competition index and efficiency, but the elasticities are very
modest. Considering public schools’ efficiency in reading scores, a one percent increase in the
competition index is correlated on average with a decrease of 0.008% in terms of efficiency, which
is slightly higher than the decrease in mathematics efficiency (approximately 0.006% considering
the three years), holding schools’ and municipalities’ characteristics fixed. Therefore, although the
relationship is highly statistically significant, in economic terms the relationship between

efficiency and spatial competition is quite inelastic.

In terms of the expected relationship, these preliminary results agree with the presumption that
competition encourages public schools to reduce their efficiency in producing educational
outcomes (e.g, Kang and Greene, 2002; McMillan, 2004; Gronberg et al., 2015), but disagrees with
the more traditional evidence that competition increases educational efficiency (e.g, Bradley and
Taylor, 2001; Millimet and Collier, 2008; Misra et al., 2012) and public schools outcomes (e.g,
Dee, 1998; Hoxby, 2003; Chakrabarti, 2008).

The rest of the variables show a robust and consistent pattern across the models. For example, the
number of priority students, the number of principals, and a higher proportion of students from
higher socioeconomic status increase public schools’ efficiency. However, the degree of human
capital (experience and squared experience) has no effect on technical efficiency after controlling

for other factors in the model, which is also found by Mizala, Romaguera & Farren (2002). The
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gender of teachers is also an important factor as it is highly significant across all the models: a
higher proportion of male teacher is associated with more public schools’ inefficiency. Longer
average working hours of teachers is also negatively related to efficiency. Considering the results
for reading, a one percent increase in the working hours is associated, on average, with a decrease
of about 0.046%-0.057% on schools’ efficiency. Finally, the F -statistic for the null hypothesis that
all the municipality FE are jointly zero is rejected at any conventional level, which demonstrates
that controlling for idiosyncratic characteristics of the markets where public schools are located is

important when explaining their level of efficiency.

In summary, our preliminary results indicate that public schools’ efficiency to produce better
SIMCE scores with a lower level of inputs is negatively correlated with the degree of spatial
competition from voucher schools. However, the location of voucher schools can be endogenous
to the levels of efficiency, which might invalidate this initial result. In the next section, we address

this problem by using an IV approach and the instrument proposed by Gibbons et al. (2008).

6.3.Results controlling for the endogeneity of spatial competition
6.3.1. Quality of instrument

Before presenting the IV results, we first test the validity of the distance of each public school to
the municipality geographical center (our instrument) to predict the degree of school competition.
Table 4 shows OLS specification of Equation (6) using as dependent variable the logarithm of
competition index using a 3 km radius and the same controls as in Table 3. Columns 1-3 shows the

first stage regressions for each year, controlling for municipality fixed effects.

(Insert table 4, about here)

As we expected, the distance of each school to the center of the municipality is negatively
correlated with the degree of competition in all the specifications and highly significant at the 1%
level. That is, the further away the public school is from the center of the municipality, the less

competition it faces. This result is also found by Noailly et al. (2012) and Gibbons et al. (2008)
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who use the same instrument for school competition. In particular, if a public school increases its
distance to the municipality center by an additional kilometer, then the level of competition it faces
is reduced by approximately 18%, holding constant its characteristics and the characteristics of the
municipality in which it is located. Additionally, we present the first stage F -statistics to analyze
the power of the instrument. All F -statistics are above the cut-off of 10 (Stock and Yogo, 2005),
except for 2018 where the F -statistic is slightly below (F = 9.4). Thus, our instrument has sufficient

power for almost all the specifications considered.

For the school proximity to the center of the municipality to serve as a legitimate instrument for
schooling competition, it must affect the location decision of voucher schools, but have no direct
effect on public schools’ efficiency. However, there are reasons why schools located farther away
from the center may be less efficient, controlling for schools’ characteristics. In other words, there
might be reasons why school proximity to the center of the municipality might be correlated with
other unobserved characteristics of students, schools, and neighborhoods that might affect public

schools’ efficiency (Gibbons and Silva, 2006; Gibbons et al., 2008; Noailly et al., 2012).

To reduce the concern about possible omitted variables, we obtained aggregate information such
as total income, percentage of poor population, and the average housing fiscal value for each
municipality to examine its correlation with our instrument. Table 5 reports the coefficients after
regressing each attribute with the distance from each public school to the center of the municipality.
Columns 1-3 show the results without controls, while columns 4-6 reports the results including the
same variables as in Table 4 as controls. Similar to the Noailly et al. (2012)’s robustness exercise,
we do not find evidence that socioeconomic characteristics of neighborhoods are related to our

instrument.

(Insert table 5, about here)

6.3.2. IV estimates
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The IV coefficient estimates are presented in Table 6 and Table 7 for efficiency using reading and

mathematics results, respectively.

(Insert table 6, about here)

The results for reading show a negative impact of spatial competition on schools’ efficiency
(columns 1-3). Considering the results for 2018, a one percentage increase in competition index is
associated with a 0.032 percent decrease in efficiency of public schools. However, when we control
for municipality FE to further control for market differences (columns 4-6), the point estimates tell
a different story: the IV estimates are still negative but no longer significant. In fact, the IV
estimates are considerably lower than the OLS estimates reported in Table 3. This result provides
support that not controlling for municipality-specific sources of unobserved heterogeneity might
bias the estimates. A similar result is found by Noailly et al. (2012). They show that when
controlling for city fixed effect, the effect of competition (measured by the inverted Herfindahl
index) on school performance is lower. However, the Hausman tests presented at the bottom of
Table 6 cannot reject the hypothesis that OLS and IV estimates are statistically equivalent when
unobserved factors at the municipality level are included. The results for mathematics show very
similar results (Table 7): once we control for market characteristics, there is no apparent link

between spatial competition and efficiency.!”

(Insert table 7, about here)

As an additional test for the instrument’s validity, we estimate Equation (5), including our
instrument as an additional variable. The results show that we can only reject the hypothesis that
the instrument has a direct association with public schools’ efficiency when municipality-specific
sources of unobserved heterogeneity are controlled for. This result again posits that the degree of
competition experienced by public schools is correlated with unobservable factors at the municipal

level, which might be also correlated with efficiency.
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Our IV estimates are different from other studies that also take into account the potential
endogeneity in the relationship between the level of competition and public school performance
and find a positive relationship (e.g, Dee, 1998; Hoxby, 2003; Gibbons et al., 2008; Card et al.,
2010; Thapa, 2013), but are in line with the more general view that positive gains from competition
are modest in scope and magnitude (see for example Cardon, 2003; Bettinger, 2005; Geller et al.,

2006).
6.4. Robustness checks
6.4.1. Sensitivity to other measures of spatial competition

So far, all the estimates of the effect of competition on efficiency are based on 3 kilometers buffer
distance. However, a potential concern is whether the results are sensitive to different buffer
distances. To evaluate the consistency of the previous results, we use alternative distances to
delimit the market areas when creating the spatial competition index in Equation (4). Figure 4 plots
the IV estimates of the spatial competition index on efficiency considering buffer rings from 1km
to 10km for 2017.> These estimates consider the same set of controls used in Table 3 and the
standard errors are clustered at the municipality level. The results show that there is not enough
evidence that competition affects the efficiency of public schools in the Metropolitan Region,

regardless of how the competition is defined in geographical terms.

(Insert figure 3, about here)

As an additional sensitivity analysis, we use the same measure of competition as Cartagena Farias
and MclIntosh (2019). They compute the level of competition faced by each school as the number
of other schools in a fixed geographic radius around each school. Thus, this measure can be
considered as a density index of competition assigning the same weight to all schools inside the
chosen buffer distance. Table 8 shows the results for the IV estimates for both tests using as
competition measure the number of voucher schools in a radius of 3 km. Again, there is no evidence

that the competition coming from voucher schools has an effect on the efficiency of public schools.

6.4.2. Using time-variant efficiency across schools
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An important shortcoming of previous results is that public schools’ efficiency is time- invariant,
which restrict us from exploiting the panel structure of our dataset. To overcome this problem, we
estimate the TE using the time-varying model proposed by Battese and Coelli (1992). This
specification approach assumes that the technical inefficiency in Equation (2) varies across times
according to u;; = u; exp(—n(t — T)), where T is the terminal period of the sample; u; is a non-
negative random variable distributed as truncated at zero normal distribution with N (u, 62) and 0
<1 <1 is a parameter to be estimated; whereas v;;is distributed as N (0, 62), and is independent of
u;;. The Maximum Likelihood estimates are reported in Table 9. The mean TE are very similar as

those using the FE estimator in Table 2.
(Insert table 9, about here)

Since the TE estimates vary across time and our instrument is time- invariant, we estimate the
effect of spatial competition on public schools’ efficiency using a Random-Effect (RE) IV
approach. A key advantage of the panel data approach is that it enables us to take into account
unobserved time-invariant schools’ effects that might bias the results from Table 2. Table 10
confirms previous results: spatial competition from voucher schools is correlated negatively with
public schools’ efficiency only when assuming exogeneity, however this potential negative effect
disappears when we instrumentalize competition with the distance of each school to the

municipalities’ center.

(Insert table 10, about here)

6.4.3. Competition’s effect on performance

The results so far are quite robust concerning to the null relationship between competition and
efficiency of public schools once the potential endogeneity is considered. However, this somewhat
contradicts the results obtained for the Chilean case, which shows a positive relationship between
competition and performance of public schools. To test this relationship, we estimate the effect of

spatial competition but considering as dependent variable SIMCE scores in reading and
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mathematics as a proxy of educational quality. Table 11 shows these IV estimates. Once again, the

results show no significant relationship between competition and school performance.

(Insert table 11, about here)

7. Conclusion

In this study, we explain the effect of competition on public schools' technical efficiency in the
Metropolitan Region (RM) of Chile after implementing the School Inclusion Act, but before the
New Education Public Law took place. In doing so, we use a gravitational competition index that
captures three crucial characteristics of educational markets. To control the spatial competition
index’s potential endogeneity on public schools’ efficiency, we use the geographical distance
between schools and municipality centers as an instrument (Gibbons and Silva, 2006). Our results
provide evidence of the potential misleading conclusions that might be derived when we do not
consider the endogeneity of the spatial competition index. The OLS estimates show that spatial
competition is negatively and significantly correlated with public schools’ educational efficiency
after controlling by several characteristics at the school level and unobserved heterogeneity at the
municipality level. However, this result completely disappears using an IV strategy. Thus, we do
not find evidence that public schools’ efficiency increases or decreases as the result of increasing
private competition (Contreras et al., 2010; Hsieh and Urquiola, 2003; Cartagena Farias and
Mclntosh, 2019).

Another important result is that spatial competition has a negative effect on efficiency only when
municipality fixed effects are not included in the model. This result shows that unobservable factors
at the municipality level may affect the efficiency beyond the competition, such as the incentives
and capacities. In this vein, Bellei et al. (2018) highlight three elements potentially related to
management problems and structural limitations that local governments face. First, since municipal
administration does not revolve around a single objective but around others considered priorities

by the community, there are no strong incentives to provide effective public education
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management. Second, the lack of integration between national and local directorates generates little
alignment of double governance responsibilities and problems. Third, teachers’ low
professionalization and the few technical-pedagogical supports to schools accentuate these
problems. In this sense, market-based reforms have likely not generated the right incentives for

public schools but have emphasized the limitations of municipalities for providing education.

Finally, in this paper, we want to highlight the importance of incorporating the space into the
discussion of public education policies. It goes so far beyond what happens within schools (e.g.,
student selection). It also has to do with where schools are located, considering the high residential
segregation levels that MR exhibits (Rodriguez & Arriagada, 2004), affecting the prestige and
identity of the schools (Falabella, 2014). Recently, Mendez and Gayo (2019) introduce an exciting
discussion about how residential and school choices are linked. It highlights that both decisions are
unequally distributed among the population, where upper and middle classes choose places trying
to improve or preserve the social status. The above have significant consequences on the
distribution of educational opportunities inside neighborhoods, exacerbating differences between
rich and poor in increasingly polarized cities. Thus, the territory notions provide insights to
introduce a necessary discussion about educational opportunities' geography, making much sense
in enhancing the recent efforts, as Law 21,040 of 2017, to improve education equity among the

Chilean population.

Notes

1. The degree of competition promoted by market-oriented policies incentives school stratification, where the middle-
income class by using social, economic, and cultural capital, might have a strategic school choice behavior, reshaping the

schooling landscape to ensure social reproduction (Botterman, 2019; Bechely, 2007).

2. This approach refers to input-oriented technical efficiency. Under this framework, the inefficiency is the difference
between the production plans of each unit (schools), and the optimal production frontier drawn with a specific technology
function (Lovell, 1993; Kumbhakar, Wang, & Horncastle, 2015).

3. A possible explanation is the simultaneity between efficiency and competition, which implies the use of more rigorous

empirical strategies.
4.  For further background see Marcel, M. & Raczynski D. (2009), Raczynski, D. & Salinas, D. (2008; 2009).

5. For more information see http://ben.cl/luviu
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6. For more information see http://ben.cl/1uvxs

7. This law seeks to transfer public education responsibility from 345 municipalities to 70 SLEs throughout the national

territory by 2025.

8. SIMCE is a standardized test applied to students in primary and secondary education in Chile. This test has the objective
of measuring the learning assessment in some curriculum areas, such as Reading (Spanish), Mathematics, Natural Science

and History.

9. According to Raczynski, D. & Salinas, D. (2008), scholar subsidies are the primary source of schools' financing. Using
the National System of Municipal Information (SINIM; Sistema Nacional de Informacién Municipal) we find that the

state’s average subsidy to public schools in the metropolitan region was over 42% for 2016, 2017 and 2018, respectively.

10. We also make IV estimates by grade. Results are in line with our main hypothesis for mathematics in the sense that spatial
competition does not have an important effect on efficiency of public schools regardless of the grades considered. For

reading, it seems to exist a negative impact on lower grades, but a non-significant effect for higher grades.
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Table 1: Summary statistics for public schools, 2016-2018.

Variables Mean Std. Dev. Min Max N

Reading score 235.46 21.72 0 326 1843
Mathematics score 234.15 25.60 0 379 1843
Log of competition index (3 km) 3.72 1.70 -4 16 1718
Number of students per teacher 13.15 3.66 2 31 1843
Number of school elements 354.80  271.67 5 4181 1812
Total subsidy income (in millions) 282.91 211.67 4 2385 1843
Number of teachers with education degree 35.65 18.86 2 197 1843
Teachers’ experience 15.77 3.45 4 27 1843
Number of principals 0.98 0.13 0 1 1843
Percentage of male teachers 0.28 0.13 0 1 1843
Number of priority students 267.38  156.34 3 1398 1843
Number of preferential students 139.02  130.10 1 1477 1843
Total number of vulnerable students 406.40  260.75 5 2446 1843
Students with low socioeconomic status (%) 0.23 0.37 0 1 1843
Students with medium-low socioeconomic status (%)  0.52 0.43 0 1 1843
Students with medium socioeconomic status (%) 0.22 0.38 0 1 1843
Students with high socioeconomic status (%) 0.03 0.17 0 1 1843




Table 2: FE models for public schools’ efficiency. Schmidt and Sickles (1984) model.

(D) (2) (3)
Inputs/Output Reading Math Both

Log of subsidy income per student  -0.0095%+ -0.018%** -0.014%**
(0.0038)  (0.0035) (0.0033)

Log of school elements per student 0.029%x  -0.0059  0.012%*
(0.0059)  (0.0047) (0.0047)

Log of number of teachers with

education degree per student 0.027* 0.025* 0.026**
(0.0147)  (0.0129) (0.0127)
Within R2 0.050 0.030 0.039
Between R2 0.160 0.056 0.134
Number of observations 1811 1811 1811
Technical efficiency summary
Mean 0.723 0.629 0.672
Std. Dev. 0.062 0.065 0.062
Min 0.573 0.453 0.509
Max 1 1 1

Standard errors clustered by school in parentheses.
*p <0.10, *p < 0.05, **p < 0.01



Table 3: Public schools’ efficiency and spatial competition: OLS estimates.

Reading Math
2016 2017 2018 2016 2017 2018
Log of competition index (3km) -0.0073*  -0.0080***  -0.0079**  -0.0054"**  -0.0063***  -0.0060""
(0.0018) (0.0019) (0.0021) (0.0019) (0.0022) (0.0024)
Log of teachers’ experience -0.10 -0.046 -0.16 -0.25 -0.078 -0.33
(0.2665) (0.2571) (0.3563) (0.4272) (0.3964) (0.5566)
Squared log of teachers’ experience 0.015 0.0078 0.025 0.039 0.012 0.055
(0.0490) (0.0473) (0.0657) (0.0779) (0.0729) (0.1021)
Log of teachers’ working hours -0.049 -0.046™ -0.057 -0.051 -0.042"*  -0.068""
(0.0117) (0.0112) (0.0145) (0.0149) (0.0140) (0.0170)
Number of principals 0.045* 0.025 0.031* 0.073* 0.036 0.094~
(0.0127) (0.0175) (0.0077) (0.0182) (0.0277) (0.0119)
Percentage of male teachers -0.12* -0.14* -0.18* -0.060*" -0.074* -0.096
(0.0213) (0.0220) (0.0263) (0.0299) (0.0289) (0.0277)
Log of priority and preferential students  0.022*** 0.022** 0.030** 0.030** 0.027* 0.042"*
(0.0049) (0.0044) (0.0059) (0.0069) (0.0060) (0.0073)
Medium-low socioeconomic status 0.044 0.043 0.030**~ 0.048*~ 0.047* 0.035*
(0.0090) (0.0077) (0.0090) (0.0079) (0.0087) (0.0095)
Medium socioeconomic status 0.12™ 0.12** 0.091* 0.13"* 0.13"* 0.10"
(0.0159) (0.0128) (0.0147) (0.0178) (0.0163) (0.0169)
High socioeconomic status 0.23* 0.24™ 0.18™ 026" 026" 0.19™
(0.0294) (0.0220) (0.0230) (0.0355) (0.0270) (0.0271)
Municipality Fixed Effects v v v v v v
Adjusted R-Squared 0.613 0.630 0.608 0.575 0.575 0.559
F-statistic (p-value) 0.000 0.000 0.000 0.000 0.000 0.000
Number of observations 588 574 526 588 574 526

Standard errors clustered by municipality in parentheses.

*p <0.10, *p < 0.05, ***p < 0.01



Table 4: OLS first-stage estimation. Dependent variable: Log of competition index (3 km).

OLS
2016 2017 2018
Distance to the center of the commune -0.18*  -0.18"*  -0.17*
(0.0509) (0.0477) (0.0520)
Municipality Fixed Effects v v v
Adjusted F-Squared 0.366 0.374 0.379
F-statistic (Power) 12.25 13.72 9.44
N 588 574 526

Standard errors are in parentheses and clustered by municipality.
Same controls as in Table 3.
"p <0.10, **p < 0.05, **p < 0.01



Table 5: Distance school-municipality center and additional neighborhood characteristics.

(No controls) (Controls)

Model1 Model2 Model3  Model 4 Model 5 Model 6
Log of average of property fiscal values -0.60 0.56

(0.4941) (0.5279)
Log of municipality income -0.70 0.59

(0.6755) (0.6062)
Percentage of poor population 0.12 -0.084
(0.1876) (0.1457)

Number of observations 642 642 642 542 542 542

Standard errors are in parentheses and clustered by municipality.
Same controls as in Table 3.

*p <0.10, **p < 0.05, ***p < 0.01



Table 6: IV estimates for public schools’ efficiency and spatial competition (Reading).

(1) (2)
2016 2017 2018 2016 2017 2018
Log of competition index (3km) -0.040"*  -0.045"*  -0.032"**  -0.0078 -0.011 -0.0061
(0.0133) (0.0152) (0.0119) (0.0097) (0.0104) (0.0124)
Municipality Fixed Effects v v v
Number of observations 588 574 526 588 574 526
Hausman test (Ho: 4; is exogenous) 0.036 0.032 0.080 0.956 0.768 0.871
Exclusion test 0.036 0.032 0.080 0.956 0.768 0.871

Standard errors are in parentheses and clustered by municipality.
Same controls as in Table 3.
*p <0.10, ™ p < 0.05, ™ p < 0.01



Table 7: IV estimates for public schools’ efficiency and spatial competition (Mathematics)

(1) (2)

2016 2017 2018 2016 2017 2018

Log of competition index (3km) -0.040*  -0.047*  -0.031*" 0.0041 0.00024 0.0067
(0.0160) (0.0183) (0.0145) (0.0116) (0.0118) (0.0140)

Municipality Fixed Effects v v v
Number of observations 588 574 526 588 574 526
Hausman test (Ho: 4; is exogenous) 0.052 0.035 0.129 0.373 0.574 0.281
Exclusion test 0.052 0.035 0.129 0.373 0.574 0.281

Standard errors are in parentheses and clustered by municipality.
Same controls as in Table 3.
*p <0.10, ™ p < 0.05, " p < 0.01



Table 8: IV estimates for public schools’ efficiency and competition based on density

Reading Math
2016 2017 2018 2016 2017 2018
Log of competition index (3km) -0.013 -0.019 -0.0095 0.0070 0.00034 0.010
(0.0146) (0.0168) (0.0182)  (0.0201) (0.0203) (0.0225)
Municipality Fixed Effects v v v v v v
F-statistic (Power) 5.85 6.68 5.86 5.85 6.7 5.86
Number of observations 589 575 527 589 575 527

Standard errors are in parentheses and clustered by municipality.

Same controls as in Table 3.
*p <0.10, ”p < 0.05, ™ p < 0.01



Table 9: RE models for public schools’ efficiency. Battese and Coelli (1992) model.

ey (2) (3)
Reading Math Both
Log of subsidy income per student ~ 0.020***  -0.011**  0.0059

(0.0060) (0.0054) (0.0051)
Log of school elements per student -0.019%% -0.024%%¢ -(0,020%**

(0.0078)  (0.0062) (0.0061)

Variables/dependent variable

Log of number of teachers with

education degree per student -0.035%*x  _0.039%kk  -(),034%**
(0.0101) (0.0096) (0.0093)
Log likelihood function 2341 2382 2492
Number of observations 1811 1811 1811
Technical efficiency summary
Mean 0.750 0.645 0.701
Std. Dev. 0.052 0.057 0.055
Min 0.612 0.511 0.563
Max 0.957 0.963 0.969

Standard errors clustered by school are in parentheses.
*p <0.10, **p < 0.05, “**p < 0.01



Table 10: RE-IV estimates for public schools’ efficiency and spatial competition.

Reading Math
RE RE-2SLS RE RE-2SLS

Log of competition index (3km) -0.012**  -0.0054 -0.015* 0.0069

(0.0019)  (0.0077)  (0.0019)  (0.0107)
Municipality Fixed Effects v v v v
Between R2 0.419 0.441 0.363 0.320
Within R2 0.342 0.310 0.449 0.300
F-statistic 29.37 32.47
Number of observations 1688 1688 1688 1688

Standard errors are in parentheses and clustered by municipality.
Same controls as in Table 3.
*p <0.10, ™ p < 0.05, ™ p < 0.01



Table 11: IV estimates for public schools’ performance and spatial competition.

Reading Math
2016 2017 2018 2016 2017 2018

Log of competition index (3km) -0.0053 -0.0030 -0.022% 0.0034 0.0028 -0.0020

(0.0117) (0.0126) (0.0116) (0.0135) (0.0105) (0.0176)
Municipality Fixed Effects v v v v v v
F-statistic (Power) 12.24 13.10 9.39 12.24 13.10 9.39
Hausman test (Ho: A4; is exogenous) 0.818 0.800 0.260 0.434 0.482 0.786
Number of observations 588 589 541 588 589 541

Standard errors are in parentheses and clustered by municipality.

Same controls as in Table 3.
*p <0.10, ™p < 0.05, ™ p < 0.01



