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Abstract

This paper studies private school market behavior. If school quality is a normal good and 

schools have market power, profit-maximizing schools may lower enrollment when incomes 

rise given parents’ preferences for small class sizes and high-SES classmates. To demonstrate 

the possibility of such a response, I present simulations based on a stylized model of school 

pricing. Using data on local income variation in Chile, I show that positive income shocks 

cause private school prices to rise and enrollments to fall. Enrollment declines are concentrated 

among low-SES students, who do not experience the same test score gains as their higher-SES 

peers.
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1 Introduction

In recent years, parents in developing countries have increasingly turned to the private school

sector. In surveys of urban Indian slums, for example, the majority of students report attending

private school (Tooley et al., 2007). In Colombia, one-third of students nationwide attend private

school, and that rate is even higher in urban areas, such as Bogotá, where over 70% of secondary

schools are private (Bettinger et al., 2010; King et al., 1997).

As private school enrollment expands, the market for private school will play an increasing role

in determining educational opportunity for children across the globe. To analyze the effects of this

expansion, we must understand how private schools set their prices, how parents respond, and how

this affects enrollment and student outcomes in equilibrium.

My paper highlights two key features that make the market for private school distinct from

standard markets. First, private schools may have substantial market power due to idiosyncratic

parental tastes, strong preferences for geographic convenience, and the important role of repu-

tation, which takes time for new schools to build. Second, school quality is a normal good, and

perceived school quality is decreasing in average class size and increasing in perceived peer quality.

These features of the private school market raise the possibility that an increase in local incomes

and the consequent rise in demand can actually decrease enrollment, because private schools in-

crease prices beyond what would be expected in a typical market. The price increase also tends

to increase average family socioeconomic status (SES) in private schools, as lower-SES families

are unable to afford the higher prices despite their own increased incomes.1 This potential private

sector response to (short-run) economic growth underscores the importance of building on recent

policy efforts intended to improve educational access, including the introduction of differentiated

school vouchers in Chile and of private school reservations in India.

In this paper, I first simulate schools’ profit-maximizing pricing behavior based on a styl-

ized model of private school supply and demand, adopted from Urquiola and Verhoogen (2009),

1 It may also be the case that the cost of educating high-SES students is lower than the cost of educating their
lower-SES peers. This offers yet another potential factor that could induce profit-maximizing private schools to
reduce enrollment.
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which incorporates school market power and the effects of enrollment on perceived school quality

and willingness to pay.2 I show that, across a substantial range of parameter values, the profit-

maximizing strategy may be to increase prices to the point that the equilibrium private school

enrollment declines as students switch to public schools. The finding that increasing aggregate in-

come could lead private school enrollment to fall in equilibrium with non-trivial probability makes

the market for private schooling unusual even among the class of imperfectly competitive markets.

To investigate the effects of aggregate changes in income on private school prices and enroll-

ment, I use administrative school price and enrollment data provided by the Chilean Ministry of

Education. Chile provides an ideal setting for studying the pricing behavior of profit-maximizing

schools in response to municipality-level income shocks. The advantages of the Chilean setting are

two-fold. First, its private school market is well established and covers the whole country. Chile

introduced a nationwide school voucher system in 1981, and during the 2005 to 2013 study period,

the country allowed private schools to accept vouchers while charging additional fees. Second, the

Chilean Ministry of Education collects data on private school enrollment and prices that are not

available in many other countries, and the Ministry links these data to student records. This linkage

allows me to investigate how school pricing decisions affect students’ enrollment responses and

academic performance. While my empirical analysis focuses on the Chilean educational market,

my theoretical predictions are broadly applicable in any setting where schools set prices, schools

have market power, and perceived school quality relates to characteristics of the student body.

Although the Chilean private school sector has grown substantially in recent years, I present

descriptive evidence that this trend is not causally related to contemporaneous growth in Chilean

household incomes. Specifically, I show that government funding for public and (most) private

schools has also been rising rapidly over the same period. Exploiting variation in the rate of income

growth across Chilean municipalities, I find a positive association between local income growth

between 2005 and 2013 (my study period) and private school prices, but a negative association

between local income growth and the market-level private school enrollment share.

2 Urquiola and Verhoogen (2009) models education supply and demand in Chile in order to investigate how
schools’ enrollment and pricing decisions affect estimates of the impact of class size on student outcomes.
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To identify the causal impact of aggregate income shocks, I exploit plausibly exogenous vari-

ation in income across Chilean municipalities driven by the differential responsiveness of local

economies to the price of copper. The Chilean economy is reliant on the export sector relative

to its neighbors, and Chile is the world’s leading copper exporter. Consistent with the canonical

“Dutch Disease” phenomenon, increased international copper prices lead the Chilean Peso to ap-

preciate, and this differentially hurts the local markets that are most reliant on non-copper exports.

To leverage this source of variation, I use historical global copper prices and pre-period survey

data on household income. From these data, I construct municipality-specific measures of income

elasticity with respect to global copper prices, derived from the period before educational micro-

data are available. The interaction of these elasticities with contemporaneous copper prices serves

as the aggregate income shock. In the analysis, for ease of exposition, I focus on the effect of

“positive copper shocks,” which correspond to copper price decreases in municipalities with neg-

ative elasticities. In practice, copper prices rise and fall during the 2005-2013 study period, and so

estimates reflect average responses to a combination of predicted increases and decreases in local

incomes.

I leverage the differential responsiveness of local incomes to international copper prices to ex-

amine impacts on local educational markets. I find that private school prices rise and enrollment

levels fall in response to copper price-induced positive income shocks. This enrollment decline

is inconsistent with a standard, perfectly competitive market in which private schools expand (or

enter the market) to meet increased demand and both prices and enrollment increase with aggre-

gate income. Estimated price and enrollment responses are driven by the schools that were most

expensive at baseline: a private school in the top quartile of the price distribution increases prices

by 0.50-0.57% and decreases enrollment by 0.50% in response to a shock that increases local in-

comes by 1.0%. Estimates (though imprecise) suggest that revenues are rising for these private

schools in response to the income shock. Evidence that the total input costs faced by these private

schools fall in response to the income shock implies that profits increase. To rule out alternative

interpretations of these findings, I show that copper shocks have a relatively uniform impact across
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the log income distribution and do not affect public school funding. Importantly, I confirm that the

copper shocks constructed based on this methodology are not predictive of private school prices or

enrollment levels from previous years.

Across analyses, I focus on reduced form estimates rather than using copper shocks to instru-

ment for local incomes since local income measures are only available for a minority of the years

included in the study period. This data constraint limits the strength of the first stage, which is par-

ticularly relevant when examining heterogeneous school responses to copper shocks. Nonetheless,

I provide instrumental variables estimates for a limited set of key specifications, and I employ weak

IV-robust inference when relevant. In addition, I present complementary OLS estimates that also

indicate that short-run income increases lead to increases in prices and decreases in enrollment,

though standard omitted variable bias concerns limit the interpretability of these findings.

To examine changes in student enrollment decisions in response to changing private school

prices, I exploit the availability of unique student identifiers that allow students to be tracked across

years and across schools. Grouping students by maternal education at the municipality level, I find

that students whose mothers have the least formal education experience the largest changes in

school quality in response to copper shocks. These school quality changes for disadvantaged stu-

dents offset the expected positive direct effect of income on academic performance. Consequently,

when incomes are predicted to rise, low maternal education students exhibit negligible test score

changes, while students across the rest of the maternal education distribution experience gains.

When incomes are predicted to fall, low maternal education students again exhibit negligible test

score changes as school quality improvements offset income losses; in contrast, higher maternal

education students experience test score decreases as declines in school quality amplify the direct

effect of income losses.

To the best of my knowledge, this paper is the first to demonstrate with data how the profit

motive may lead rising demand for school quality to increase educational stratification. Data con-

straints and a lack of plausibly exogenous variation in demand for or supply of private schooling

have limited rigorous evidence on demand behavior and supply response within large-scale private
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school markets.3 While there is an extensive school voucher literature (see, for instance, Rouse,

1998; Angrist et al., 2002; Krueger and Zhu, 2004; Howell and Peterson, 2006) in which the au-

thors use voucher lotteries to identify the causal impact of gaining access to private school on edu-

cational outcomes, voucher experiments have typically taken place in settings in which the group of

voucher recipients was small relative to overall private school enrollment. As a result, researchers

have been unable to use these experiments to study school price responses and the implications for

students’ school choices and academic achievement. There is also a large body of research that

estimates the causal impact of market competition (i.e., the penetration of private voucher schools)

on educational outcomes in Chile using cross-sectional data.4 In contrast, my work sheds light

on how schools behave strategically within private school markets and how school pricing affects

students, by examining the impact of aggregate income shocks at the municipality by year level

and by exploiting rich educational panel data.5 In doing so, my research builds on computational

studies of education markets, such as Epple and Romano (1998), Nechyba (2000), and Ferreyra

(2007). In that research, the authors simulate aggregate responses to tuition voucher policies based

on varied assumptions about the structure of the market and the determinants of parental demand.

The remainder of the paper is structured as follows. Section 2 simulates private school price and

enrollment responses to rising aggregate income based on a stylized model of private school sup-

3 One exception is Muralidharan and Sundararaman (2015), in which the authors conduct a two-stage market-level
and student-level school voucher randomization in Andhra Pradesh, India. In this paper, the authors find no
evidence of spillover effects on students who did not receive vouchers.

4 Here, authors are limited by the fact that the voucher system was introduced nationwide in 1981 as part of a
larger educational reform. Early studies, such as Mizala and Romaguera (2000), employ OLS regressions of test
scores on school type (private versus public) and include demographic controls in an effort to address selection.
An alternative approach, employed in Sapelli and Vial (2002), uses a Roy-style selection model to estimate test
score gains associated with public versus private schooling. More recently, researchers have sought out plausibly
exogenous variation in the degree of market competition across Chilean municipalities. In Hsieh and Urquiola
(2006), the authors instrument for municipality-level exposure to the voucher system using baseline municipality
population, urbanization, and degree of inequality and find that increased school choice did not affect test scores
or educational attainment but did lead to increased sorting based on student background. In contrast, Gallego
(2013) uses the historical distribution of Catholic priests to instrument for the concentration of voucher schools
and finds that an increase in the ratio of voucher to public schools led to increased test scores in both public and
private schools.

5 Andrabi et al. (2017) examines the strategic behavior of schools in low-information environments. In this study,
the authors provide parents in rural Pakistan with report cards on school and student test scores, and they identify
significant school price, quality, and enrollment changes in response. However, the Chilean market is distinct
in that parents appear to be better-informed about school quality. Mizala and Urquiola (2013) presents evidence
that a government program designed to identify effective schools had little impact on enrollment or tuition levels.
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ply and demand. Section 3 discusses the data used in the empirical analysis. Section 4 documents

institutional details of the Chilean educational market and presents descriptive analyses. Section

5 presents the empirical model and Section 6 estimates the impact of positive copper shocks on

school prices and enrollment. Section 7 investigates the impact of positive copper shocks on stu-

dent school switching patterns and test scores. Section 8 summarizes the analysis and considers

implications for policy.

2 Stylized Model and Simulation Results

My paper highlights two key features that make the market for private school distinct from standard

markets. First, private schools may have substantial market power due to idiosyncratic parental

tastes, strong preferences for geographic convenience, and the important role of reputation, which

takes time for new schools to build. Second, school quality is a normal good, and perceived

school quality is decreasing in average class size and increasing in perceived peer quality. In

this section, I present a stylized version of the model from Urquiola and Verhoogen (2009) that

incorporates these two features of the private school market, and I simulate conditions under which

private schools maximize profits by decreasing equilibrium enrollment in response to increased

aggregate demand.6 Importantly, in the simulations presented, I find that private schools may

maximize profits by reducing enrollment in response to rising aggregate income for a broad range

of parameter values. As such, this section is intended to demonstrate the possibility that private

schools maximize profits by reducing enrollment when demand rises. The subsequent empirical

application is designed to test whether this response to rising demand is observed in practice.

To model demand for school quality, I assume that the indirect utility function of individual i

is defined as in the standard vertical differentiation model but with the inclusion of an additional
6 For the sake of simplicity, the model emphasizes demand for smaller class sizes as the key driver of reduced

private school enrollment. In practice, the incentive to reduce enrollment is compounded by parents’ preferences
for higher average family socioeconomic status. It may also be the case that the cost of educating high-SES
students is lower than the cost of educating their lower-SES peers. This offers yet another potential factor that
could induce private schools to reduce enrollment.
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error term:

Ui j = vis j− p j + εi j (1)

In this framework, each individual has willingness to pay for quality vi, where willingness to pay

is a monotonically increasing function of household income. Each school j has an associated

quality s and price p. Following the existing literature, I assume that schools choose an overall

price level but do not price discriminate across students.7 The error term captures the household’s

idiosyncratic utility gain from having a child attend school j. The error term has a mean zero Type

I extreme value distribution, as in the standard aggregate logit model.8 The scale parameter of the

error term, σ , can be interpreted as a measure of the extent of within-market school differentiation.

To model schools’ operating costs, I follow Urquiola and Verhoogen (2009) and assume that

there are three types of costs faced by schools: (1) Fs, a fixed cost of operating the school (2) Fn,

a cost of operating each classroom, and (3) c, a per-student variable cost. Then, the profit function

for school j can be expressed as follows:

Π j = (p j− c)q j−n jFn−Fs (2)

where q j is total enrollment and n j is the number of classrooms in school j.

In the market for private school education, school reputation is typically an important determi-

nant of perceived quality and is relatively fixed in the short run.9 Consequently, school quality s

is a function of λ , the (pre-determined) component of school quality associated with the school’s

baseline reputation, and q. The distribution of λ within the market is exogenously-determined, as

in Urquiola and Verhoogen (2009). Enrollment is a key determinant of perceived quality due to

parents’ preference for reduced classroom size (and for higher peer quality).10 I consider the sub-

7 In practice, my own analysis of Chilean educational survey data suggests that there is limited but non-zero
variation across students in tuition paid for a given school and grade.

8 See, for instance, Nevo (2000).
9 For more discussion on this topic in the Chilean context, see Gallego (2013).
10 For a discussion of the relationship between classroom size and school quality in the Chilean context, see

Urquiola and Verhoogen (2009). McEwan (2015) presents a meta-analysis of randomized experiments in
developing-country settings and finds that a group of treatments that includes classroom size reductions has a
significant positive impact on student test scores.
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case from Urquiola and Verhoogen (2009) in which there is a fixed number of classrooms in each

school and the class size cap is non-binding. The former assumption, which rules out short-run

private school increases in the number of classrooms, improves the tractability of the model by

reducing the number of choice variables from three to two. As I discuss in more detail in Section

6.3, this assumption appears to be satisfied in response to short-run changes in demand for school

quality in the Chilean setting.11 The latter assumption is justified by the fact that classrooms are

rarely at capacity during the study period, as documented in Section 4.1.

Following Urquiola and Verhoogen (2009), I assume that the functional form of the relationship

between school quality and enrollment is characterized as follows:

s j = λ jln(
45

q j/n j
) (3)

In this equation, λ represents the (pre-determined) component of school quality associated with the

school’s baseline reputation and 45 corresponds to the legal maximum class size. The expression

implies that perceived school quality is decreasing in classroom size and that a reduction in class

size increases quality more at higher λ j schools.

Given the above expressions for household preferences, school profit, and school quality, I de-

rive comparative statics for school price and enrollment responses to a shift in the willingness-to-

pay distribution. Following Urquiola and Verhoogen (2009), I assume that the number of schools

in the market is fixed in the short run.12 I focus on the case of a positive shock to aggregate

demand, represented by a proportional increase in willingness-to-pay across the underlying distri-

bution, and I begin by defining the school’s profit maximization problem in terms of prices (i.e., as

11 Specifically, this assumption is justified by the fact that observed changes to the number of classrooms never
serve to offset the impact of observed enrollment changes on average classroom size in Chile. In practice, as
discussed in Section 6.3, the most expensive private voucher schools marginally reduce the number of classrooms
as they decrease total enrollment, but average classroom size still falls significantly. Public schools increase the
number of classrooms as enrollments rise, but class size increases significantly in relative terms (and marginally
in absolute terms). In practice, to the extent that willingness to pay is rising as enrollment declines (conditional on
class size) due to perceived improvements in peer quality, reducing the number of classrooms may allow profit-
maximizing schools to reduce costs while still partly capturing the increase in willingness to pay associated with
reduced enrollment. This potential response is, however, beyond the scope of the model.

12 This assumption is supported by the lack of significant school entry/exit in response to copper price-induced
income shocks found in the empirical application (see the discussion in Section 6.3).
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maxpΠ(p,q(p,λ ))). Here, equilibrium enrollment q∗(p,λ ) is determined by parental demand for

a school with pre-determined reputational quality λ that charges price p. In this setting, parents are

fully informed about the distribution of willingness to pay and about school costs. As a result, the

market clearing set of prices and enrollment levels is a fixed point at which q∗ parents are willing

to pay p∗ for their children to attend a school with quality s(λ ,q∗).13

In the Mathematical Appendix, I include the resultant expressions for demand and expected

willingness to pay of parents. Based on these expressions and the first order condition from the

school’s profit maximization problem, I arrive at three equations characterizing equilibrium prices,

enrollment, and expected willingness to pay of parents whose children attend a particular school,

as well as expressions for changes in price and enrollment in response to changes in aggregate

demand. While the change in private school prices associated with an upward shift in aggregate

demand is unambiguously positive under the parameter conditions required for a maximum to exist

(as discussed in the Mathematical Appendix), the sign of the enrollment effect is ambiguous.

To characterize comparative statics empirically, I simulate equilibrium price and enrollment

changes in a market with one public and two private schools. The first and second private schools

are assigned pre-determined school qualities (i.e., λ values) that are equal to two times and three

times the (pre-determined) quality of the public school, respectively. I abstract away from the sce-

nario in which class size caps are binding by considering a market with 45 students. Willingness to

pay values are drawn from a Pareto distribution to approximate the income distribution. As shown

in Appendix Figure 1, conclusions are qualitatively unchanged, however, under varying assump-

tions regarding the number of students and schools, relative (pre-determined) school qualities, the

shape of the willingness to pay distribution, etc. In this market, the public school has a fixed price

equal to marginal cost, while the private schools adjust prices and enrollments to maximize profits.

In Figure 1, I present simulation results for a range of σ values (characterizing the degree of mar-

ket differentiation) and take averages over 500 replications. Notably, as derived in Urquiola and

Verhoogen (2009), I only arrive at stable, interior solutions for sufficiently high values of σ (which

13 Regarding the dissemination of class size information, Mizala and Urquiola (2013) notes that Chilean schools
may make commitments to prospective parents regarding class size.
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limit the extent to which demand for schools rises as class size falls) relative to school quality

and willingness to pay. Due to sampling variation, a given σ value may produce stable solutions

for some replications, but not others (as seen in Figure 1). For σ values that produce an interior

solution, private school prices are always increasing, as expected. Private school enrollments de-

cline with positive probability across the σ parameter space (where an interior solution is found).

The finding that private school enrollments are less likely to fall with rising aggregate demand at

higher σ values reflects the fact that schools’ incentives to reduce class size and enrollment fall as

σ increases. Based on Gallego and Hernando (2008), which analyzes Chilean school choice in a

semi-structural framework, I calculate that a σ value of roughly 25 aligns with the study setting.

Though this estimate should be interpreted cautiously given the strong simplifying assumptions

embedded in the simulation framework, rising aggregate demand causes private school enrollment

declines in slightly over 50% of simulation replications in this range of the parameter space.14

3 Data

This section describes the Chilean labor force survey data used to measure local income levels

and the copper price data used to construct copper price-induced income shocks. In addition,

this section describes the rich administrative and survey data collected by the Chilean Ministry of

Education and employed in this study.

3.1 Data on Copper Prices and Income

My identification strategy, described in detail in Section 5, requires that I estimate municipality-

specific elasticities of income with respect to copper prices. To do so, I collect annual copper

prices (denominated in 1998 USD) from the United States Geological Survey within the Depart-

14 To assess the degree of horizontal differentiation (i.e. σ value) that best matches the empirical setting, I attempt
to match the semi-structural Chilean school choice parameter estimates from Gallego and Hernando (2008) to the
simulation parameters and the equilibrium price levels I calculate. However, this comparison is highly imperfect
given that Gallego and Hernando (2008) incorporates a variety of school attributes and market structures outside
the scope of my simulation, relies on data from before my study period, and includes only students in Santiago.
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ment of the Interior (U.S. Geological Survey, 2016).15 Survey data on historical municipality-level

incomes comes from the Chilean National Socio-Economic Survey (CASEN). The measure of

employment-based income that is used to construct my measure of local average household in-

come is available for the following years: 1990, 1992, 1994, 1996, 1998, 2000, 2006, 2009, 2011,

and 2013. The survey provides a repeated cross-section that lists respondents’ municipality of

residence. The CASEN survey is representative at the national, regional, and, in most cases, mu-

nicipality level. Previous work, such as Auguste and Valenzuela (2006), has also used CASEN

survey data to construct municipality-level socioeconomic variables.

3.2 Educational Administrative and Survey Data

Administrative data from the Chilean Ministry of Education provides a roster of all students en-

rolled in Chilean public and private schools in each year from 2004 to 2014. Each student is

tracked with a unique identifier, which allows researchers to follow students across years and to

merge administrative data with educational survey data. The administrative data file provides the

school attended and grade level of each student in each year along with municipality of residence.

I also obtained data from the Ministry of Education on the mean school prices for fee-charging pri-

vate voucher schools for the years 2004 to 2014.16 Public primary schools cannot charge “top-up”

fees during this period. The study period encompasses 2005-2013. Data from 2004 are used to

construct baseline school price bins and so are excluded from the analysis sample (as discussed in

more detail in Section 6.1). I exclude data from 2014 due to the introduction of a series of reforms

in 2014 that phased out private schools’ capacity to charge “top-up” fees.17

The Chilean Ministry of Education also releases annual test score data. Prior to 2005, the

15 This data series captures the annual average U.S. producer copper price. While findings are similar when a
measure of the global annual copper price provided by the Federal Reserve is employed, the Federal Reserve
data series notes that the global copper price is actually measured exclusively based on annual Chilean prices.

16 Based on the literature (see, for instance, Mizala and Urquiola, 2013) and an analysis of supplementary data from
2012-2013 on whether schools charged any “top-up” fees, I assume that private voucher schools with missing
price data did not charge fees during the study period.

17 In school-level specifications, I exclude primary schools serving special needs or adult students and drop 36
schools that either moved municipalities or changed public/private status during the study period.
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Ministry administered the national Educational Quality Measurement System Exam (SIMCE) to

one grade level across the country each year, rotating among grades four, eight and ten. Starting

in 2005, they tested fourth graders annually. According to the Ministry, the test is designed to

improve educational outcomes by providing an external measure of students’ mastery of the cur-

riculum (Agency of Education Quality, 2013). In the analysis, I present results averaged over the

language and math components of the fourth grade exam.18 For each cohort that takes the SIMCE,

the Ministry of Education collects detailed survey data from parents. The survey of parents pro-

vides information on household demographic characteristics. The included measure of maternal

education plays a central role in the student-level heterogeneity analysis detailed in Section 7. Fi-

nally, I make use of teacher-level data provided by the Ministry of Education that includes teacher

characteristics, such as educational attainment and teaching experience.

4 Education in Chile

This section first provides a brief history of the Chilean voucher system and summarizes differ-

ences across schools based on public/private status and voucher system participation. In addition,

this section characterizes recent trends in nationwide private school enrollment and exploits varia-

tion in the rate of income growth across Chilean municipalities to examine the association between

local income growth and private school price and enrollment patterns.

4.1 Background and Summary Statistics

Section 2 demonstrates that the structure of education markets could lead changes in market con-

ditions to have unanticipated effects on private school enrollment levels. However, whether rising

aggregate income causes enrollment declines in practice is an empirical question. Chile provides an

ideal environment for studying private school pricing behavior and the implications for students’

18 Analysis is limited to the language and math components because these are the only subject scores that are
available in each year from 2005 to 2013. Following the existing literature, test scores are normalized based on
the universe of available fourth grade math and language scores from 2005, the base year (see Feigenberg et al.,
2018 for a more extensive discussion).
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enrollment decisions and academic performance. Specifically, Chile’s school voucher system is

both expansive (covering the whole country) and well established. The voucher system in Chile

was introduced in 1981 as part of a nationwide educational reform which established a system

whereby a given voucher value is paid to the school that a student attends regardless of whether it

is public or private (Bravo et al., 2010, Hsieh and Urquiola, 2006).19 At the time that the reform

was enacted, private schools had only a 22% market share in Chile (Gallego, 2013).

Table 1 provides relevant descriptive statistics by school type from 2005, the first year in-

cluded in the study sample. By 2005, 50.9% of students in kindergarten through grade eight

attended public schools, 42.8% attended private voucher schools, and 6.3% attended unsubsidized

private schools.20 School enrollments and class sizes are lower in public and no-fee private voucher

schools than in fee-charging private schools due to the relative concentration of public and no-fee

private voucher schools in rural areas. Growth over time in the private school sector reflects a

combination of intensive and extensive margin changes: approximately 1.5% of private voucher

schools exit the market each year and approximately 2.5% of private voucher schools are in their

first year of operation during each year in the 2005-2013 study period.

Under the voucher system, all public primary schools are free. In contrast, private voucher

schools are permitted to charge a “top-up” that is up to three times the annual voucher amount.

As shown in Table 1, roughly half of private voucher schools charged such fees in 2005, with

average per student fees of 13,103 CLP ($25 USD) per month (conditional on charging any fees).

Voucher values are determined by grade level and length of school instruction (full- or half-day). In

2005, the average base voucher value per student was 36,093 CLP ($70 USD) per month.21 Table

19 The reform also significantly reduced government funding for education, decentralized educational decision-
making to the local (municipal) level, relaxed curriculum standards, and revoked teacher union contracts.

20 As in other related work (i.e., Urquiola and Verhoogen, 2009 and Gallego, 2013), unsubsidized private schools
are excluded from the primary analyses. The government does not maintain data on prices charged by these
schools, and these schools are not subjected to the same regulations as public and private voucher schools. In
practice, the key distinguishing feature of unsubsidized private schools is that they cater to a much wealthier
population than either public or private voucher schools. Using enrollment data, I confirm in Section 6.2 that
unsubsidized private school enrollment does not increase (and in fact falls) when incomes are predicted to rise.

21 The Subvención Escolar Preferencial (SEP) program, introduced in 2008, provided additional voucher revenues
to participating public and private schools serving primary students in exchange for these schools agreeing to
admit eligible (low-SES) applicants without charging “top-up” fees. In the subsequent analysis, I present esti-
mated school price responses that do and do not account for this additional revenue source. For a more extensive
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1 highlights the degree of stratification by family background in Chilean educational markets:

average maternal years of schooling is four years higher in fee-charging private voucher schools

than in public schools and is seven years higher in non-voucher private schools than in public

schools. Differences in average test scores across school types follow a similar pattern.

Officially, private schools in Chile can selectively admit students while public schools that are

not “at capacity” (i.e. have enrollment levels below 45 students per classroom) are required to

admit all applicants. However, as noted in Gallego and Hernando (2009), school-side screening

appears limited based on the following evidence: 93% of parents report that their children attend

the parents’ preferred school, the average number of schools to which a student applies is 1.1, and

only 4% of parents say their child was rejected from at least one school. In the public and private

voucher school sectors, administrative records indicate that less than 2% and less than 5% of all

grade levels were “at capacity” during the study period, respectively.

Most private voucher schools in Chile were for-profit during the study period. Indeed, Elacqua

(2009) found that over 75% of Chilean private voucher schools were for-profit during this period,

and Urquiola and Verhoogen (2009) notes that even those schools that are officially not-for-profit

can distribute dividends to principals and/or school board members. There is also reason to believe

that individual schools may have substantial local market power. The median number of schools

within 2.5km, 5km, and 10km of a municipality center is 3, 4, and 9, respectively. Additionally,

prior work employing home addresses available for a subset of students finds that the mean and

median distance travelled by first graders in 2012 were 2.1 and 1.2 km, respectively (Aguirre,

2017). Consequently, it appears that most students choose from a small number of schools. More-

over, while there is limited governmental regulation of school openings, private school supply

may be constrained by reputational factors (Gallego, 2013). The expansion of existing schools is

constrained, at least in the short run, by the capacity of the school’s physical plant.

In the empirical analysis, I restrict the sample to schools serving at least one grade level be-

tween kindergarten and eighth grade throughout the study period and focus on primary-level out-

discussion of the SEP program, see Feigenberg et al. (2018).
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comes. Since primary school students travel shorter distances from home to school, this facilitates

the construction of local market boundaries. While students are free to attend school in any mu-

nicipality, 88% of primary students attend schools in their home municipality due to high cross-

municipality commuting times. Previous research, such as Gallego (2013) and Hsieh and Urquiola

(2006), has consequently defined education markets by municipality borders; in 2005, the average

municipality included 28.5 schools serving students between kindergarten and grade eight.22 I also

focus on primary grade levels because voucher values for secondary school students vary across

academic and vocational tracks, which substantially complicates the analysis of school revenue

changes given the endogeneity of the track choice.23

4.2 Descriptive Analysis

Turning to the evolution of educational markets over the 2005-2013 period, Figure 2 plots nation-

wide trends in educational expenditures, household incomes and private school market share. The

share of students attending private primary school is rising as incomes increase over this period,

consistent with standard competitive market models. Importantly, however, public spending per

student in public and voucher private schools is rising even more rapidly than household income

during these same years, indicating that the revenues associated with operating private schools

are increasing accordingly. This increase in public financial support for both public and private

voucher schools raises questions about the appropriate interpretation of the positive correlation

between annual mean household income and the nationwide private school enrollment share.

Table 2 exploits cross-municipality variation in household income growth over this same pe-

riod as a step towards isolating the relationship between income and private school enrollment,

22 Although students typically attend school in their home municipalities, school switching, which represents an
important outcome in the analysis, is relatively common: 15% of primary students switch schools each year.

23 An additional data-related justification is that 69% of schools with secondary-level instruction (and 83% of pri-
vate schools with secondary-level instruction) also serve primary school students. Tuition data are only available
at the school-by-year level and descriptive patterns suggest that tuition levels differ substantially for primary
versus secondary school students. Consequently, restricting the analysis to schools with primary-level instruc-
tion facilitates comparisons of cross-school tuition level changes since only 17% of schools with primary-level
instruction and only 32% of such private schools also serve secondary students.

16



and estimates suggest that rising private school attendance over this period is taking place in spite

of increases in income.24 Indeed, in a regression of the change in the share of students attending

private school in each municipality on the municipality-specific percent change in mean household

income, I identify a robust, negative relationship that is present across the universe of municipali-

ties with private schools operating at baseline and in a subsample that includes only the 50 largest

municipalities (as defined by number of schools in operation at baseline). Table 2 also indicates

that average private voucher school per-student revenues rise in response to income increases.

While these estimates are subject to standard omitted variables bias concerns, they motivate the

subsequent analysis, which exploits a plausibly exogenous source of short-run income changes.

5 Copper Price-Induced Income Shocks

To isolate plausibly exogenous short-run income changes, I first use historical global copper prices

and pre-period labor force survey data on household income. From these data, I construct municipality-

specific measures of income elasticity with respect to global copper prices, derived from the pe-

riod before educational microdata are available. I then exploit cross-sectional variation in the

municipality-specific elasticities in combination with time-series variation in global copper prices

from the study period.This reliance on a pre-determined measure of income responsiveness sub-

stantially mitigates identification concerns related to the co-determination of local incomes and

educational market outcomes in the subsequent analysis.

Specifically, to produce municipality-specific elasticities, I estimate the following equation for

each municipality using municipality-level data from 1990-2000 (the “pre-period”)25:

Imt = αm +Em ∗Pt +λt +Xmt + εmt (4)

24 The correlations between mean (median) income changes and 25th and 75th percentile income changes are 0.36
(0.56) and 0.80 (0.78), respectively. Thus, mean/median income increases appear to reflect increases in incomes
throughout the distribution.

25 The 2003 CASEN survey is excluded as it does not capture information on employment-based earnings.
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In this equation, Imt represents log mean household employment income in municipality m

in year t, and Pt is the log of the world copper price in year t, denominated in 1998 USD. Xmt

represents a series of time-varying municipality-level controls characterizing the age distribution

of the surveyed population, the mean literacy rate, marriage rate, urbanization rate and household

size, as well as interactions between each of these covariates and survey year fixed effects. αm and

λt are municipality and year fixed effects, respectively. Em coefficients can be interpreted as the

municipality-specific elasticities of income with respect to global copper prices. In practice, each

municipality will have at most six observations over this time period, and not all municipalities

are included in the CASEN labor force survey in each year. Additional details regarding sample

construction are provided in the Data Appendix.

The global price of copper is expected to affect local incomes differently depending on export

intensity and whether an area produces copper. For copper producing areas, incomes will likely rise

with copper prices. In areas that export products other than copper, a negative relationship between

log incomes and log copper prices during this period appears to be explained by the canonical

“Dutch Disease” phenomenon. In the case of Chile, increasing global copper prices are negatively

correlated with the Chilean Peso (CLP) to USD exchange rate during the relevant years.26 Conse-

quently, as global copper prices rise, export-oriented industries suffer. Chilean exports represent

34% of GDP (compared to, for example, 20% in Argentina), which makes the relationship between

copper prices and export industry competitiveness particularly salient (World Bank, 2013). Indeed,

during the study period, as copper prices rose dramatically, exporters concerned about currency ap-

preciation advocated for capital controls and the Chilean government invested over $12 billion in

a program aimed at weakening the currency (Pica and Wisnefski, 2012).

To provide additional evidence that currency appreciation drives the municipality-level income

responses to copper price changes, I examine the relationship between municipality-level income

elasticity coefficients and region-level exports as well as the industrial composition of region-

level output.27 Using pre-period data, I find that, conditional on regional log GDP per capita, local

26 See Figure 3 for the time-series plots of copper prices and the exchange rate.
27 Data on region-level output by industry are provided by the Chilean Instituto Nacional de Estadı́sticas and data
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elasticities are increasing in log per capita regional exports in the primary copper-producing regions

of Chile, but falling in log per capita exports in the remainder of the country.28 In a complementary

specification, I regress local elasticities on the interaction between region-level exports as a share

of GDP and the share of exports derived from the copper industry. Here, the coefficient on the

level term characterizing region-level exports as a share of GDP is negative, while the interaction

term coefficient is positive and over three times as large in magnitude.

Turning to the industrial composition of region-level economic activity, roughly 90% of Chilean

exports during the 1990s were derived from either mining activity or industrial manufacturing. I

find that the share of region-level economic output derived from manufacturing is negatively as-

sociated with local elasticities. While data on municipality-level output are not available, the

CASEN survey does ask respondents about the industry in which they are employed. Analyzing

municipality-level employment patterns, I correspondingly find that the manufacturing employ-

ment share is negatively associated with local income elasticities.29

In sum, these findings provide additional support for the hypothesis that negative local income

responses to copper price increases are caused by reduced export competitiveness. One concern

regarding interpretation is that copper price changes may differentially affect educational market

outcomes for residents of copper-producing areas if educational investment responses in these

areas are driven by changes in the perceived future returns to employment in the copper mining

sector. To isolate income variation driven by export competitiveness, I exclude schools located in

the region of Antofagasta, in which the majority of Chilean copper is mined.30

Throughout the analysis, I define the copper shock Cmt assigned to municipality m in year t

on region-level exports are provided by the Chilean Ministerio de Planificación y Cooperación. Unfortunately,
measures of economic output and export activity are not available at a more disaggregated geographical level.

28 I rely on data from the earliest pre-period year for which both region-level exports and region-level output were
available (1996). There were a total of 13 regions in Chile during the 1990s (there are 16 regions at present).

29 Consistent with the possibility that currency appreciation has a detrimental impact on the tourism industry, I
also find a negative association between municipality-specific elasticities and the share of employment in the
“business” sector (which explicitly includes hotels and restaurants).

30 3.5% of Chilean students reside in Antofagasta and results are robust to including this region in the analy-
sis. While the analysis could alternatively exploit variation in the Chilean exchange rate directly, the Chilean
government has played an active role in fighting currency appreciation during the sample period, which raises
endogeneity concerns that are mitigated by the copper shock-based approach (Pica and Wisnefski, 2012).
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as being equal to the municipality-specific elasticity Em multiplied by Pt , the log of the global

copper price in year t (denominated in 1998 USD). For the purposes of exposition, an increase in

Cmt is referred to in the remainder of the paper as a “positive copper shock” and corresponds to a

predicted increase in local incomes.

To test whether copper shocks can predict income levels in the post-2000 period for which

school price and enrollment data are available, I estimate the following equation using income data

from the CASEN survey waves of 2006, 2009, 2011, and 2013:

Imt = α +β ∗Cmt + γm +λt + εmt (5)

Here, Cmt represents the aggregate copper shock experienced by residents of municipality m in

year t, Imt represents log mean household income in municipality m in year t, and γm and λt rep-

resent municipality and year fixed effects, respectively. In this and in all subsequent specifications

that employ the copper shock regressor, a two-step bootstrapping procedure is implemented to con-

struct accurate standard errors that account for the fact that elasticities are themselves estimated.31

The inclusion of year fixed effects in this specification removes the effect of copper price variation

on local incomes that is common across municipalities. Consequently, β is identified based on

variation in the strength of local economic shocks that results from cross-municipality differences

in responsiveness to global copper price variation (i.e. the income elasticities estimated in Equation

(4)). In practice, a decrease in the price of copper is expected to lead to a larger positive effect on

local incomes in those municipalities with elasticities that are negative and largest in magnitude.

Table 3 reveals the predicted positive relationship between copper shocks constructed using

historical data and household incomes during the period for which educational microdata are avail-

able. Column (1) implies that a one-unit positive copper shock is associated with a 23.4% increase

31 Specifically, to correct for inconsistent standard errors produced by standard inference on generated regressors,
as discussed in Pagan (1984) and Murphy and Topel (1985), a random sample is first drawn with replacement
from the CASEN survey data for the 1990-2000 period that is used to construct municipality-specific elasticity
estimates. A sample of municipalities or schools is then drawn with replacement in the “second stage” regression
(depending on the particular specification), with block bootstrapping at the municipality level to account for
potentially correlated residuals across municipality-specific observations. This process is repeated 500 times and
the standard deviation estimated for each “second stage” coefficient is the standard error that I present.
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in the mean household income of municipality residents.32 Columns (2)-(4) show that this esti-

mated relationship is robust to the inclusion of the same controls included in Equation (4) and to

the inclusion of municipality-specific weights based on the baseline (2004) number of schools in

each municipality. In Columns (5)-(6), I linearly interpolate log mean household income values

for missing years and present regression estimates from Equation (5) for 2005-2013. The decline

in the magnitude of point estimates occurs since mean income is linearly imputed based only on

observed municipality-specific mean income values. As a result, there is, by construction, no scope

for imputed income values to be affected by non-linear changes in copper prices for the years for

which CASEN data are unavailable.

In Figure 4, I present point estimates and confidence intervals from a Poisson QMLE specifi-

cation that characterizes impact heterogeneity by income decile.33 Specifically, I jointly estimate

interactions between the copper shock and a set of income decile indicators (while including in-

come decile, municipality and year fixed effects). Estimates indicate that impacts of the copper

shock are relatively uniform across the income distribution.34 Importantly, the lack of an apparent

relationship between income decile and estimated copper shock impact suggests that distributional

effects of the shock cannot explain the student-level heterogeneity that is investigated in Section 7.

6 Impacts of Local Income on School Prices and Enrollment

This section first presents benchmark estimates of the impact of copper price-induced income

shocks on school prices, enrollment levels, and school revenues. For comparison, I discuss OLS

32 A one-unit positive copper shock implies that copper prices double in a municipality that is at the 95th percentile
in the distribution of elasticities. Thus, a positive copper shock of this magnitude is quite uncommon in practice
given that the average annual change in the log copper price during the period being studied is only 0.23.

33 I return here to including data from only the four years for which income data are available.
34 Below the 30th percentile of the household earnings distribution, a significant share of municipalities have house-

hold income measures that are always equal to zero and so sample selection issues emerge. Using an OLS speci-
fication that employs log average household income as the dependent variable, I confirm that estimated impacts at
the 30th percentile and above appear similarly uniform. When decile-by-municipality fixed effects are included
in the specification, point estimates suggest that income gains are larger at the two extremes of the distribution.
However, likely due to the large number of resultant fixed effects parameters, estimated coefficients are imprecise
and equality of estimated impacts across the income distribution cannot be rejected.
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estimates of the relationship between school-level outcomes and local incomes. I next present

falsification test results that provide support for my preferred research design. While my analysis

is focused on the “reduced-form” relationship between educational outcomes and copper shocks, I

provide instrumental variables estimates for a limited set of key specifications. The remainder of

the section provides evidence on the robustness of findings, causal mechanisms, and implications

for net changes in school profits.

6.1 Effects of Copper-Price Induced Income Shocks: Benchmark Estimates

Identifying the causal relationship between local incomes and educational market outcomes is a

complex problem. Schools’ simultaneous determination of price and enrollment levels implies that

the subsequent analysis must carefully consider joint impacts along these two margins. Moreover,

even if all schools share common production and cost functions, differences in baseline reputation

may drive heterogeneous responses. As outlined in Section 2, the enrollment response to a change

in aggregate income is ambiguous. This section estimates both price and enrollment relationships.

The following benchmark specification is used to estimate average school-level price impacts:

Psmt = α +β1 ∗Cmt +β2 ∗Cmt ∗Vs + γs +λt + εsmt (6)

Here, Psmt is the log mean total price charged by school s in municipality m in year t. This

measure is calculated as the log of the sum of the mean “top-up” charged by school s in year t

plus the mean base voucher value received by school s in year t for primary-level students.35 Vs

is an indicator variable equal to one for private voucher schools and Cmt represents the aggregate

copper shock experienced by residents of municipality m in year t.36 γs and λt represent school and

35 Survey evidence reveals limited within-cohort price discrimination based on student characteristics in Chilean
private schools. Consequently, in analyzing price changes, school-level specifications are appropriate. The
benchmark price measured is calculated using base voucher values rather than actual voucher receipts given
that voucher receipts are an endogenous function of lagged attendance rates. While this measure includes only
voucher values determined as a function of grade level and a “zone”-specific adjustment based on a school’s
location, subsequent specifications examine how estimated price responsiveness varies when additional voucher
revenue sources are incorporated and when actual rather than predicted voucher revenues are used.

36 Since the Chilean school year begins in March and since students may still switch schools after the school year
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year fixed effects, respectively.37 In specifications examining enrollment responses, the dependent

variable is the number of primary-level students in school s in municipality m in year t. Enrollment

is examined in levels rather than logs, given evidence that income increases lead to within-sector

movement from smaller to larger schools. This, in turn, generates negative log enrollment estimates

in the public and private school sectors (with a more negative estimate in the latter) in spite of the

fact that, as I will show, the number of students in the market is non-decreasing.

Since low-end private schools more closely resemble public schools than higher-priced private

voucher schools with regards to the students they attract and the prices they charge, it seems likely

that average private school price impacts mask substantial heterogeneity. Any such heterogeneity

will, in turn, significantly alter the impact of rising aggregate income on students’ enrollment

decisions. To test for differential school price changes within the private school sector, I define an

indicator variable Psq which is equal to one if the tuition charged at baseline (in 2004, the first year

for which price data are available) by school s falls into quartile q. Quartiles are constructed within

regions to account for substantial heterogeneity in private school tuition levels across more versus

less urbanized regions of the country.38 I proceed to estimate the following specification:

Psmt = α +β1 ∗Cmt +
4

∑
q=2

βq ∗Cmt ∗Psq + γs +λt + εsmt (7)

Quartile one corresponds to public schools, quartile two corresponds to private school that do

not charge “top-up” fees at baseline, and quartiles three through four correspond to fee-charging

private schools. Research on the Chilean education sector suggests that private voucher school

quality is, on average, higher than public school quality.39 Within the private school sector, price is

has begun, contemporaneous income changes have the potential to affect contemporaneous school- and student-
level outcomes. The use of contemporaneous copper shocks in benchmark specifications also facilitates the
interpretation of falsification checks based on lead values. Nonetheless, as detailed in Section 6.3, I confirm that
findings are robust to alternatively employing a lagged copper shock measure or a measure that averages over
contemporaneous and lagged values of the copper shock.

37 The sample excludes schools in municipalities without a sufficient number of CASEN observations to allow
for the estimation of municipality-specific income elasticities. This reduces the number of school-by-year level
observations by 10.6% and reduces the number of primary students attending included schools by 4.5%.

38 93% of schools in the sample appeared in 2004. Results are robust to defining price quartile for the remaining
schools based on the first year that each school was open and only including observations from subsequent years.

39 In a meta-analysis, Drago and Paredes (2011) concludes that private school test scores are approximately one-

23



highly positively correlated with measures of perceived school quality, such as average test scores

and students’ average household income. As a result, heterogeneous impacts by baseline school

price can be readily interpreted as reflecting impact heterogeneity by baseline school quality.40

Column (1) of Table 4 indicates that a one-unit positive copper shock causes an average private

school price increase of 3.8% (significant at the 1% confidence level). As expected, public school

prices, which are determined entirely by voucher values, are unaffected. Column (2) estimates

Equation (7) and reveals that private school price increases are driven by schools in the upper

portion of the baseline price distribution; prices rise by 6.3% and 11.8% in quartiles three and four,

respectively. In Columns (3)-(4), the dependent variable uses actual base voucher revenues, which

are a function of lagged student attendance, and results appear similar to those in Columns (1)-(2).

I next examine corresponding enrollment responses to copper price-induced income shocks.

Column (5) reveals a positive and statistically significant increase in average enrollment in re-

sponse to a positive copper shock. Since primary school enrollment in Chile is close to universal,

this enrollment increase results from in-migration rather than reduced school dropout. In sup-

plementary analyses (described in Section 6.3), I show that the market-level enrollment response

is concentrated in rural municipalities and that overall patterns of school type-specific price and

enrollment responses shown in Table 4 are similar when these rural municipalities are excluded.

Columns (6)-(7) indicate that price impact heterogeneity is matched by heterogeneous changes in

average enrollment. Public schools increase enrollment significantly and the implied enrollment

change for private schools in price quartile two is positive. In contrast, coefficients on the in-

teraction terms for quartiles three through four are indicative of net enrollment declines and are

statistically significant at the 1% level. These coefficients imply that enrollment falls by 27.7 stu-

tenth of a standard deviation higher than public school scores conditional on student characteristics.
40 Appendix Table 1 shows the cross-sectional relationship between baseline price quartile and a series of school

quality measures: mean maternal education and log household income of classmates, mean test scores, fraction
of teachers with college training, and fraction of teachers with one or fewer years of experience. I also present
corresponding correlations between school fees and these characteristics and examine changes in school pricing
over time. Results are shown for both pairwise and joint regressions given that many of the included school
quality measures are highly positively correlated. Estimates indicate that higher student test scores, mean log
household income, and mean maternal education of classmates are all positively associated with school prices.
In Columns (1)-(2), the finding that the fraction of inexperienced teachers is positively associated with school
price quartile is explained by the fact that teacher experience is higher, on average, in the public school sector.
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dents (5.9%) per school in quartile three and by 52.2 students (11.6%) per school in quartile four.

Column (8) combines price and enrollment results by estimating Equation (7) while replacing

the dependent variable with log total school revenues. Since voucher revenues are an endoge-

nous function of lagged attendance patterns and fixed as well as variable revenue sources, these

estimates do not line up precisely with estimated price and enrollment responses. Estimates re-

veal that revenue changes are negative in public schools and in private schools that do not charge

“top-up” fees at baseline due to the previously-noted within-sector movement of students from

smaller to larger schools in response to positive copper price-induced income shocks (paired with

the inclusion of a logged dependent variable). In contrast, net revenue changes are statistically

indistinguishable from zero for fee-charging private voucher schools. Columns (9)-(10) aggre-

gate school-level observations to the baseline school price quartile-by-municipality-by-year level

to address the downward effect on estimates induced by student movement from smaller to larger

schools. Here, estimates (though in some cases imprecise) provide evidence of rising revenues

in fee-charging private schools.41 In Section 6.3, I analyze the implications of measured revenue

changes for school profits in the private sector.

For comparison, Appendix Table 2 regresses school outcomes on local incomes and shows

that private school prices rise and relative private school enrollments fall when incomes increase

(although the enrollment estimate is imprecise).42 However, in corresponding specifications that

include lead terms, I find that rising future income significantly increases contemporaneous private

school prices and reduces private school enrollment. These estimates suggest that differences in

income trajectories across markets limit the extent to which OLS specifications can shed light on

the causal effects of changing incomes per se. For instance, communities experiencing sustained

earnings growth may also be experiencing changes in the real or perceived return to schooling

that separately influence demand for schooling. Such omitted variable bias concerns highlight the

41 Given that the voucher system provides the majority of funding for participating schools, the finding that school
revenues are either falling or unchanged in public schools and in private schools that do not charge “top-up” fees
at baseline suggests that rising attendance in these schools does not appear to be driven by increases in either the
per-student or total funding made available to these schools by the central government.

42 The analysis sample includes the four years for which income data are available (2006, 2009, 2011, and 2013).
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relative strength of the copper price-based research design that represents my preferred approach.

To provide additional support for the copper price-based research design, Table 5 presents re-

sults from a series of falsification tests. Specifically, Columns (1)-(3) of Table 5 re-estimate Equa-

tion (6), characterizing heterogeneous price responses to positive copper price-induced income

shocks based on private school status, but add a series of lead terms (Cm,t+1, Cm,t+2, and Cm,t+3)

to test whether future copper shocks are correlated with current school prices.43 Columns (4)-(6)

of Table 5 test whether lead copper shocks predict changes in public/private school enrollment.

Reassuringly, none of the lead term coefficients in these specifications are statistically significant.

6.2 Instrumental Variables Estimates

While previous estimates examined how local copper shocks affect school prices and enrollment

levels, the underlying causal relationship of interest is between local incomes and these educational

outcomes. Unfortunately, the estimated relationship between local incomes and copper shocks is

not sufficiently strong to allow for instrumental variables estimates to be presented for the full set

of heterogeneity analyses included in Table 4. However, examining municipality-level enrollment

responses to local income changes requires only a single instrument. Table 6 leverages this fact to

present a series of municipality-level IV estimates. Specifically, the second stage equation used to

estimate municipality-level IV specifications is of the following form:

Emt = α +β ∗ Îmt + γm +λt + εmt (8)

Emt is alternatively the total number of enrolled primary students, the number of primary stu-

dents enrolled in non-voucher private schools, or the number of primary students enrolled in public

schools in municipality m in year t. In the corresponding first stage equation, the copper shock ex-

perienced by municipality m in year t, Cmt , serves as an instrument for log mean household income,

43 Given the high degree of serial correlation in the copper price data, contemporaneous copper prices are included
when lead copper price elasticities are estimated and the contemporaneous copper shock term is included in Table
5 specifications along with the relevant lead terms.
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Imt . The first stage F-statistic of 20.5 for these specifications is sufficient to allow for conventional

inference. Importantly, these IV specifications rely on the imputation of local incomes for years

for which CASEN data are unavailable (the first stage coefficient of 0.118 is shown in Column (5)

of Table 3). Across specifications, Panel B presents reduced form estimates for comparison.

Here, the exclusion restriction requires that copper shocks affect educational market outcomes

only through changes in local incomes. While there are many mechanisms that may explain the

link between local incomes and educational market outcomes (addressed in detail below), the

exclusion restriction seems reasonably likely to hold. The exclusion restriction would be violated

if, for instance, short-run copper price fluctuations influenced long-run educational investments by

changing expectations of future employment– this seems unlikely to be a concern in practice.

Columns (1)-(4) of Panel A of Table 6 present IV estimates which confirm that school-level

findings from Table 4 scale up to reflect significant changes in the municipality-level number of

students attending public schools (both with and without a control for total municipality-level

enrollment). Estimates also confirm that enrollment declines in private voucher schools in response

to rising income are not matched by enrollment increases in the non-voucher private school sector

(indeed, we observe parallel declines in private non-voucher school enrollment). This set of results

previews the finding (discussed in Section 6.3) that there is limited school entry/exit in response to

observed income changes. These municipality-level estimates also demonstrate the strength of the

IV approach in the subset of specifications for which only a single instrument is needed.44

School price measures cannot be readily scaled up to the municipality level and so Columns (5)-

(7) present IV estimates from a series of school-level specifications in which I instrument for the

log of mean household income and its interaction with an indicator for private school status using

the copper shock measure and its interaction with an indicator for private school status. Here, the

strength of the first stage is a concern. Consequently, I present hypothesis test results based on weak

IV-robust methods. Specifically, I use projection-based methods to construct the 95% confidence

44 In municipality-level specifications, the full universe of non-special educational and non-adult students enrolled
in a given market in each year is included in the sample. These specifications thus test whether the exclusion
of schools that also serve special education or adult students and of schools that do not continuously enroll
primary-level students lead school-level and market-level estimates to diverge.
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set for the coefficient on each included endogenous variable and examine whether the confidence

set allows for the null hypothesis of a zero-valued coefficient to be rejected at the 5% significance

level. In addition, I present p-values associated with weak IV-robust tests of the jointly included

endogenous variables for each specification. In the specifications in Columns (5)-(6) examining

changes in the same school-level price outcomes included in Table 4, I identify increases in private

school prices in response to rising local incomes that are statistically significant at the 5% level.

These estimates are consistent in magnitude with reduced form estimates when those estimates are

scaled up by the change in log mean income associated with a change in the copper shock measure.

In Column (7), I correspondingly identify a significant increase in public school enrollment, while a

95% confidence set cannot be constructed for the coefficient characterizing the interaction between

log mean household income and private school status. Notably, the p-value on the test for the joint

significance of the included endogenous variables in Column (7) is far below 0.01.

6.3 Robustness Checks and Causal Mechanisms

Appendix Tables 3-6 confirm the robustness of benchmark findings to alternative variable defini-

tions and specifications. Specifically, Appendix Table 3 incorporates a revenue measure that ac-

counts for supplementary targeted voucher (SEP) revenues and adds a control for total municipality-

level primary school enrollment to the school-level enrollment and revenue specifications from Ta-

ble 4. To provide evidence that estimated responses to copper price-induced income shocks are not

driven by compositional changes in the student population, Appendix Table 4 re-estimates Table

4 specifications for schools in municipalities in which the majority of the population is classified

as urban (this includes 72% of municipalities and 78% of sample schools). For this subsample,

there is no longer a significant (or large in magnitude) estimated change in average enrollment in

response to copper price-induced income shocks, but the patterns of heterogeneous school price

and enrollment responses appear quite similar to those found in Table 4. In Appendix Table 5, I

replace the contemporaneous copper shock regressor with a lagged measure defined accordingly

to confirm that estimates are not sensitive to this choice. To verify that heterogeneity in the rela-
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tionship between copper shocks and local incomes that is correlated with market structure is not

driving findings, Appendix Table 6 shows that the effect of copper shocks on local incomes does

not vary by private school market density and that prior price and enrollment estimates are robust

to the inclusion of year-by-municipality fixed effects.

If rising aggregate income induces changes in the number of schools in operation in particular

municipalities, previous estimates may suffer from selection concerns. To address this issue, I show

in Appendix Table 7 that positive copper price-induced income shocks do not have a consistent

impact on the number of schools in operation in a given municipality.45 In Appendix Table 8, I re-

estimate Table 4 specifications, but replace the prior copper shock measure with an average shock

that is calculated as the municipality-specific elasticity multiplied by the average of the current

and first two lagged values of the annual copper price. If Appendix Table 8 point estimates are

attenuated relative to Table 4, this would suggest that the enrollment and price effects associated

with copper shocks are largely transitory, which could in turn explain the lack of school entry

effects identified (as entry presumably entails a substantial fixed cost). In practice, Appendix

Table 8 closely mirrors Table 4. This implies that alternative factors, such as the time required

for school reputation-building, may contribute to the lack of observed school entry. These results

also indicate that even short-run copper price fluctuations have significant effects on the quality of

schools attended over a multi-year period.

There are multiple mechanisms that may drive the observed relationship between aggregate

income and school prices and enrollment levels, and I next investigate the relative importance of

alternative channels other than the demand for school quality that I have emphasized above. Seem-

ingly, the most relevant alternative explanation for the link between aggregate income and school

outcomes is that rising aggregate income affects funding for public schools and so affects qual-

45 I present results in levels and using a Poisson QMLE specification to characterize percentage changes, and I
show estimates for both contemporaneous and average shocks (constructed based on current, lagged and twice
lagged shocks). Results are shown for the full sample as well as public school and private school subsamples.
To account for the high degree of serial correlation in the dependent variable, regressions control for the lagged
value of the dependent variable throughout. Estimates are generally negative and are not statistically significant,
aside from two negative coefficients corresponding to short-run percentage-wise changes in the number of public
schools and longer-run percentage-wise changes in the number of total schools. In any case, the negative point
estimates from these specifications are opposite what would be found if rising income induced school entry.
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ity of and demand for public schools. Previous research indicates, however, that municipal tax

revenues do not significantly affect local educational expenditures in Chile (Auguste and Valen-

zuela, 2006). Consequently, changes in public school funding would likely come from national

government sources. While vouchers are the primary mechanism through which the central gov-

ernment distributes funds, voucher values are determined nationally and I have shown that public

school voucher revenues do not increase when incomes rise. The most important remaining source

of local education funding is the National Fund for Regional Development (FNDR), which dis-

tributes funds to select municipalities to support their public schools. Appendix Table 9 estimates,

which are inconsistent in sign and not statistically significant at conventional levels, do not provide

evidence that FNDR funding increases with positive municipality-specific copper shocks.46

Rising aggregate income may also affect school outcomes by shifting schools’ marginal cost

curves. The largest component of a school’s marginal cost is teacher incomes. Appendix Table 10

shows that changes in teacher hourly incomes in response to positive copper price-induced income

shocks are small in magnitude and not statistically distinguishable from zero (teacher contracts are

typically defined on an hourly basis). While teacher income changes cannot be estimated at the

school level based on available data, Appendix Table 11 reveals that there are no differential in-

creases in private schools in the share of experienced teachers or the share of teachers with college

degrees. These characteristics are both positively correlated with teacher incomes.47 Appendix Ta-

ble 12 confirms that rental incomes also do not change significantly, which offers further evidence

that schools’ cost curves are not significantly affected by copper price-induced income shocks.48

Previous results indicate that fee-charging private voucher schools likely experience positive

(though imprecisely-estimated) revenue changes when incomes are predicted to rise. Additional

evidence suggests that these schools reduce costs, implying that profits increase. Specifically,

46 Moreover, FNDR funding for all public schools in a municipality is only about 10% of the magnitude of corre-
sponding voucher revenues.

47 Public school teacher salaries are determined by a fixed schedule that incorporates prior experience and training,
among other factors. In voucher private schools, administrators must provide a minimum level of compensation
but otherwise maintain significant pay-setting discretion (Behrman et al., 2016; Mizala and Romaguera, 2005).

48 Case study evidence indicates that capital costs, which include infrastructure costs, account for under 25% of
average school costs (Ugarte and Williamson, 2012).
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Appendix Table 13 examines changes in the number of classrooms in operation and the num-

ber of contracted teacher hours.49 Estimates indicate that fee-charging private voucher schools

marginally decrease the number of classrooms in operation when incomes are predicted to rise.

If parents value peer quality (conditional on class size) and peer quality rises as enrollment falls,

this may allow profit-maximizing schools to reduce costs while still partly capturing the increase

in willingness to pay associated with reduced enrollment. In any case, these estimated decreases

are small in magnitude (and marginally significant only for the most expensive schools), which ex-

plains the large declines in class size in fee-charging private schools shown in Column (10). At the

same time, fee-charging private schools do significantly reduce the number of contracted teacher

hours and the number of employed teachers, primarily by reducing part-time staff in non-core dis-

ciplines (according to available survey evidence). These findings indicate that fee-charging private

schools reduce costs, and so increase profits, in response to copper price-induced positive income

shocks.50

7 Test Scores and School Switching

This section presents student-level analyses that characterize heterogeneous student test score and

enrollment responses to copper price-induced income shocks. Student-level estimates shed light

on the distributional implications of changing private school enrollment patterns.

7.1 Test Scores

I have shown that positive aggregate income shocks induce movement from private to public

schools, with effects driven by elite (high-priced) private schools. I next examine distributional

49 Case study evidence suggests that personnel costs constitute 87% of total non-capital costs in Chilean schools,
and so changes in staffing are the key determinant of whether schools can reduce costs in the short run (Ugarte
and Williamson, 2012).

50 In contrast, public schools significantly increase the number of classrooms when incomes are predicted to rise.
As a result, estimated changes in class size in the public sector are positive but small in magnitude compared to
net enrollment changes. Importantly, relative class size in the public (versus private) sector, a key determinant of
willingness to pay for private school, grow substantially.
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effects on academic performance. This analysis can inform our understanding of how large-scale

private school markets mediate the welfare gains associated with rising incomes. I focus on nor-

malized SIMCE test scores as a measure of educational achievement.51 Column (1) of Table 7

estimates the overall impact of a positive copper shock on test scores using the following student-

level specification:

Tismt = α +β ∗Cmt + γm +λt + εismt (9)

Here, Tismt is the normalized average SIMCE score of student i who attends school s in year t and

who resided in municipality m during the previous year (i.e., in year t− 1). Column (1) reveals

that a positive copper shock increases average test scores in a municipality by 0.056 standard

deviations. To characterize those students most affected by copper price-induced income changes,

I exploit the availability of unique student identifiers. These identifiers allow students to be tracked

across years and schools. The key measure of student background that I use in the analysis is

maternal education, which has the advantage of being both time-invariant and highly correlated

with other measures of student socioeconomic status, such as household income. I define three

maternal education terciles at the lagged municipality-by-grade-by-year level.52 Additional details

related to the construction of maternal education terciles are presented in the Data Appendix. To

identify heterogeneous impacts based on maternal education, I estimate the following specification:

Tismt = α +β1 ∗Cmt +
3

∑
k=2

βk ∗Cmt ∗Xik + γmk +λt + εismt (10)

Here, Xik is an indicator for whether student i is in maternal education tercile k and γmk represent

municipality-by-maternal education tercile fixed effects. Column (2) of Table 7 estimates Equation

(10) and reveals that students in the bottom maternal education tercile do not experience test score

51 SIMCE test scores have been used in many previous studies of the Chilean voucher system, including Hsieh and
Urquiola (2006) and Gallego (2013). Scores are averaged across math and language results and are normalized
by the 2005 mean and standard deviation.

52 I construct terciles based on lagged municipality of residence since contemporaneous municipality of residence
could potentially respond endogenously to realized copper shocks. Municipality-specific terciles account for the
fact that educational attainment varies starkly across geography. As an example, only 6% of mothers do not have
a college education in Vitacura, one of the wealthiest municipalities in Santiago, while only 14% of mothers have
any college schooling in Maria Pinto, one of the poorest municipalities in Santiago.
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gains (the estimated impact is negative but imprecise). In contrast, students in maternal education

terciles two and three experience test score gains of 0.08 and 0.19 SD, respectively, relative to

students in the bottom tercile (although the tercile two estimate is somewhat imprecise).

Column (2) estimates reveal the combined impact of changes in willingness to pay for school-

ing and any changes in household resources available for non-tuition expenditures, such as tutoring

or even food, which may affect test scores. Consequently, the finding of larger test score responses

to income changes for higher maternal education students could be entirely explained by differen-

tial changes in non-tuition expenditures for these subgroups, by changes in the schools that students

attend, or by some combination of these two channels.53 Importantly, as shown in Figure 4, cop-

per shock-induced income changes are relatively uniform across the underlying distribution and so

differential test score effects do not reflect differences in the magnitude of income changes. While

I cannot definitively disentangle these two possible explanations for differential test score gains, I

next present evidence on differential changes in school quality as a function of student background.

These estimates align closely with test score estimates and suggest that school quality changes are

an important driver of test score impact heterogeneity.

7.2 School Switching Patterns

While rates of elite private school attendance at baseline are rising in students’ socioeconomic

status, the marginal students who move between elite private schools and public schools and

lower-quality private schools need not be representative of their classmates. To the extent that

policymakers are concerned about inequality of educational opportunities, the characteristics of

these marginal students determine changes in social stratification and so are of particular policy

relevance. Moreover, given that the magnitude of test score changes are increasing in student so-

cioeconomic status, evidence on changes in educational opportunity by student background can

shed light on the appropriate interpretation of observed test score impacts.

53 In addition to increases in non-tuition spending, there may be differential behavioral changes (for instance,
changes in parental attentiveness) in response to the income shock that affect academic performance.
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To characterize impacts on the quality of schools attended by different subgroups of students,

Columns (3)-(4) of Table 7 examine changes in the baseline school price quartile of the school a

student attends. Importantly, this outcome is not affected by changing student composition and

is highly correlated with alternative measures of school quality (as shown in Appendix Table 1).

Columns (3)-(4) reveal that students experiencing a positive copper shock attend schools of lower

quality on average, with this effect driven by those students in the lowest maternal education bin.

The fact that increased enrollment in public and low-cost private schools is driven by low ma-

ternal education students suggests that these same students will likely experience relative declines

in peer SES. To measure changes in peer SES and social stratification, I focus on school-level mean

maternal education. Column (5) of Table 7 identifies a positive (0.054) and significant change in

the average maternal education of schools attended by students experiencing a positive copper

shock.54 Column (6) re-estimates Equation (10) with the average maternal education dependent

variable and reveals that low maternal education students do indeed experience significant relative

decreases in school-level mean maternal education. Column (7) re-estimates Equation (7), which

examines school-level heterogeneity, using mean maternal education as the dependent variable.

The estimates reveal that average maternal education rises dramatically in the top two quartiles of

the baseline price distribution, while effects in the bottom two quartiles are notably smaller.

In sum, these findings are consistent with test score estimates. The most disadvantaged stu-

dents, whose test scores do not change significantly in response to income shocks, experience

school quality changes likely to offset the direct effects of income changes. Specifically, when

incomes rise, they experience the greatest degree of relative school downgrading, and they experi-

ence no change in average peer SES. In contrast, the highest-SES students experience the largest

test score gains, attend school of the same (or higher) baseline quality, and experience the largest

increases in peer SES in response to positive copper price-induced income shocks.

54 The possibility of a positive overall effect on mean maternal education may initially appear puzzling given that
the overall distribution of maternal educational attainment is not shifting in response to positive copper shocks
experienced by municipalities. However, an increase in mean maternal educational attainment can be rationalized
by strong ex-ante sorting across schools based on maternal education in combination with higher rates of school
downgrading by those who would have been at the bottom of the maternal education distribution within their
counterfactual schools.

34



8 Conclusions

This paper highlights two key mechanisms that could theoretically cause private school enrollment

to decline in response to a positive aggregate income shock. First, schools appear to have market

power and so may raise prices more than they would in a competitive market. Second, school

quality is a normal good and classroom size and perceived peer quality are important components

of perceived school quality. Simulations based on a stylized model of school pricing reveal that

income increases can cause private school enrollment declines across a broad range of parameter

values.

To investigate whether the conditions under which aggregate income shocks could cause private

school enrollment declines are satisfied in practice, I construct an aggregate income shock and

study private school price and enrollment responses in Chile. I find that enrollment falls when

aggregate income rises in this setting. The analysis reveals that private school price increases

and enrollment declines are driven by those schools that were most expensive at baseline. Public

schools expand enrollment to absorb those additional students who would have attended private

voucher schools absent the rise in aggregate income.

In the analysis, I find that the effects of aggregate income increases on the achievement of

lower-SES children are muted by the offsetting effects on their school quality. This would not be

the case for increases in income concentrated at the lower end of the socioeconomic distribution,

which would be expected to increase achievement because of both the direct effects of improved

household resources and the indirect effects associated with making these children more desirable

to private schools. The theoretical predictions I derive are also applicable to other settings in

which schools set prices and exhibit market power and in which perceived school quality is related

to characteristics of the student body. As such, the evidence I present can help us to understand

how educational outcomes may be expected to respond to changing market conditions in a variety

of alternative educational settings across the globe, including tertiary schooling markets in which

reputational concerns are particularly salient and school differentiation is particularly stark.
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Figure 1: Model Simulations

Notes: This figure presents simulation outcomes over 500 replications for each integer value
of the horizontal differentiation parameter (σ ) between the values of 1 and 100.
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Figure 2: National Trends in Income, Enrollment, and Education Spending

Notes: This figure presents annual changes in mean household income (measured in 10 USD),
public spending per student in traditional (public) and voucher private schools (measured in
USD), and fraction of students attending private voucher or non-voucher schools. Spending
and income values are in real terms.

Figure 3: Time Series of Copper Prices and Chilean Exchange Rate
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Figure 4: Copper Shock Impacts by Household Income Decile
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Notes: This figure presents point estimates and 95% confidence intervals from a Poisson
QMLE specification at the income decile-by-year-by-municipality level that regresses house-
hold income on a set of interactions between the copper shock measure and decile-specific
indicator variables. The model includes income decile, municipality and year fixed effects.
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All Schools Public Schools No-Fee Private 
Voucher Schools

Fee-Charging  
Private Voucher 

Schools

Private non-
Voucher Schools

(1) (2) (3) (4) (5)
Number of Students per School 254.1 227.7 165.8 428.3 260.7

(319.2) (302.0) (235.6) (384.7) (299.2)
Average Class Size per School 24.3 22.9 24.7 29.8 17.8

(10.9) (10.5) (11.0) (9.9) (9.4)
Mean Maternal Education (Years) 9.6 8.4 8.5 12.5 15.8

(3.0) (2.0) (2.6) (1.7) (1.0)
Mean SIMCE Score -0.17 -0.30 -0.46 0.21 0.70

(0.59) (0.49) (0.58) (0.43) (0.50)
2527.9 0.0 0.0 13103.0 --
(7104.8) -- -- (11143.6) --
36092.3 37186.2 36093.9 32566.1 0.0
(7355.6) (7759.7) (6784.5) (5150.9) --

28.5 16.2 5.4 5.1 1.8
(28.5) (12.1) (10.6) (11.8) (5.3)

Total Number of Schools 9,583 5,450 (56.9%) 1,818 (19.0%) 1726 (18.0%) 589 (6.1%)
Total Number of Students 2,435,215 1,241,105 (50.9%) 301,341 (12.4%) 739,216 (30.4%) 153,553 (6.3%)

Notes
1

Average Per-Student Base 
Monthly Voucher Value

Average Per Student Monthly Fee 
Charged

Table 1. School-Level Descriptive Statistics

Number of Schools per 
Municipality

Descriptive statistics (means and standard deviations) are constructed from the base year (2005) and observation numbers reflect 
the maximum number of observations for each school type. SIMCE Score is normalized at the student level to have a mean of 
zero and a standard deviation of one. Fee and Voucher Value measures are in 2005 CLP (1 USD=514 CLP in 2005). 
Information on Average Per Student Monthly Fee Charged is not available for Private non-Voucher Schools. 
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(1) (2) (3)

-0.045** -0.045** 0.061***
(0.020) (0.019) (0.016)

Observations 236 236 227

-0.054*** -0.062*** 0.063***
(0.019) (0.017) (0.014)

Observations 236 236 227

-0.082** -0.078** 0.096***
(0.040) (0.033) (0.033)

Observations 50 50 50
Notes

1

2

Change in Mean Household Income (%)

Change in Mean Household Income (%)

Change in Mean Household Income (%) and Change in Log Base Revenue per Student in Voucher Private 
Schools measures trim values below the 1st percentile and above the 99th percentile. Robust standard errors 
are presented in Columns (1)-(3). * , **, and *** denote significance at the 10%, 5%, and 1% levels, 
respectively. 

Table 2. Long-Run Income Changes and Municipality-level Enrollment/Price Responses

Specifications are at the municipality level. All dependent variables are constructed based on differences 
between the start of the sample period (2005) and the end of the sample period (2013). Change in Mean 
Household Income (%) is constructed by taking an average from two end-of-period years (2011 and 2013), 
subtracting the average of two start-of-period years (2003 and 2006) and dividing by the average of the two 
start-of-period years. Revenue per Student measure is the sum of base voucher revenue and school fees and 
Change in Log Base Revenue per Student in Voucher Private Schools is constructed as the log of the 
(enrollment-weighted) mean in 2013 minus the  log of the (enrollment-weighted) mean in 2005. 

Change in Mean Household Income (%)

Panel C: 50 Largest Municipalities (Defined by Number of Schools 
at Baseline)

Change in Fraction 
Attending Private 

School

Change in Fraction 
Attending Fee-

Charging  Private 
School

Change in Log 
Base Revenue per 

Student in Voucher 
Private Schools

Panel A: All Municipalities with Private Voucher Schools at 
Baseline (Unweighted)

Panel B: All Municipalities with Private Voucher Schools at 
Baseline (Weighted by Number of Schools at Baseline)

44



Log Mean  
Income

Log Mean  
Income

Log Mean  
Income

Log Mean  
Income

Log Mean  
Income

Log Mean  
Income

(1) (2) (3) (4) (5) (6)
0.234*** 0.159** 0.244*** 0.200** 0.118*** 0.123***
(0.063) (0.066) (0.087) (0.083) (0.031) (0.041)

Year Fixed Effects X X X X X X
Municipality Fixed Effects X X X X X X
Additional Controls X X
Weighted X X X
Linear Imputation X X
Mean of Dependent Variable 11.84 11.84 11.90 11.90 11.84 11.90
SD of Dependent Variable [0.420] [0.420] [0.378] [0.378] [0.414] [0.371]
Observations 1,030 1,030 1,030 1,030 2,307 2,307
Specification

Notes
1

2

Table 3. Municipality-Level Income Responses to Copper Shocks

Copper Shock

Municipality-level

Standard errors are constructed by a two-stage bootstrap procedure, as described in text.  * , **, and *** denote significance at 
the 10%, 5%, and 1% levels, respectively. 

Copper Shock is defined as the product of the municipality-specific elasticity of income with respect to copper prices and the log 
copper price (denominated in 1998 USD). Log Mean Income is denominated in 1998 CLP. Linear imputation refers to the 
imputation of the dependent variable for years in which the CASEN survey was not conducted. Weighted regressions are 
weighted by the baseline (2004) number of schools in the municipality. Additional controls include controls for the fraction of 
the adult population that is literate, the fraction of the adult population that is married, the fraction of households residing in 
rural areas, mean household size, the mean number of working-aged household members, and the interactions between each of 
these covariates and survey round fixed effects.  

Municipality-level Municipality-level
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(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
0.0023 0.0016 -0.0077 -0.0084 11.01** 27.32*** 28.02*** -0.064*** -0.037* -0.012
(0.0038) (0.0036) (0.0062) (0.0062) (5.24) (9.50) (9.54) (0.021) (0.020) (0.021)
0.036*** 0.038** -38.43***

(0.012) (0.015) (13.91)
0.0020 -0.0054 -18.68 -0.003 0.041 -0.039
(0.0081) (0.0081) (11.58) (0.033) (0.056) (0.037)
0.061*** 0.079*** -55.69*** 0.0028 0.092* 0.045
(0.019) (0.020) (17.69) (0.065) (0.055) (0.055)

0.116*** 0.142*** -80.23*** 0.099* 0.116 0.129**
(0.035) (0.044) (25.51) (0.055) (0.080) (0.056)

Year Fixed Effects X X X X X X X X X X
School Fixed Effects X X X X X X X X
Municipality-by-Quartile FEs X X
Weighted by Number of Schools X
Mean of Dependent Variable 9.77 9.77 9.59 9.59 244.5 244.5 244.5 17.17 19.49 20.26
SD of Dependent Variable [0.25] [0.25] [0.28] [0.28] [298.6] [298.6] [298.6] [1.40] [1.29] [1.16]
Observations 58,016 54,180 58,016 54,180 58,016 58,016 54,180 54,180 5,987 5,987

Specification
School-

level
Notes
1

2

Table 4. School Price and Enrollment Responses to Municipality-Level Copper Shocks

Copper Shock

Copper Shock* Baseline School 
Price in Quartile 2

Copper Shock* Baseline School 
Price in Quartile 3

Copper Shock* Baseline School 
Price in Quartile 4

 Number of Students Log Revenue
Predicted Log School 
Price (Base Voucher)

Realized Log School 
Price (Base Voucher)

Standard errors are constructed by a two-stage bootstrap procedure, as described in text.  * , **, and *** denote significance at the 10%, 5%, and 1% levels, 
respectively. 

The dependent variable in Columns (1)-(2) is constructed based on average school ``top-up'' fee and the average grade-specific voucher value, adjusted based on the 
zone-specific multiplier provided by the Chilean Ministry of Education. In Columns (3)-(4), realized rather than average voucher values are used to construct the 
school price measure (realized voucher payments are a function of lagged attendance rates). Log revenue is constructed based on total realized school revenue 
(excluding revenue based on realized student/teacher performance). In Columns (9)-(10), the unit of observation is the municipality-by-baseline school price quartile-
by-year and the dependent variable is the log of total revenues at this level of aggregation.

Copper Shock* Private School

School-levelSchool-level Municipality-by-
Quartile level
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(1) (2) (3) (4) (5) (6)
0.0023 0.0022 0.0023 27.32*** 27.13*** 27.25***
(0.0038) (0.0038) (0.0038) (9.39) (9.38) (9.37)
0.036*** 0.035*** 0.036*** -38.41*** -38.27*** -38.38***
(0.012) (0.012) (0.012) (13.31) (13.31) (13.31)
-0.0012 0.53
(0.0034) (0.80)
-0.0061 -1.48
(0.0056) (1.68)

-0.00079 -1.60
(0.0018) (1.92)
-0.0027 1.29
(0.0046) (3.06)

-0.0015 -1.71
(0.0019) (1.87)
0.0016 1.35
(0.0034) (2.69)

Year Fixed Effects X X X X X X
School Fixed Effects X X X X X X
Mean of Dependent Variable 9.77 9.77 9.77 244.5 244.5 244.5
SD of Dependent Variable [0.25] [0.25] [0.25] [298.6] [298.6] [298.6]
Observations 58,016 58,016 58,016 58,016 58,016 58,016
Specification

Notes
1

2 Standard errors are constructed by a two-stage bootstrap procedure, as described in text.  * , **, and *** denote 
significance at the 10%, 5%, and 1% levels, respectively. 

Copper Shock

Copper Shock* Private 
School

Lead Copper Shock (t+3)

Lead Copper Shock (t+3)* 
Private School

Lead Copper Shock coefficients are estimated separately for lead years 1-3. All specifications control for 
contemporaneous copper shock.

School-level School-level

 Table 5. Lead Structure of Copper Shocks

Lead Copper Shock (t+1)

Lead Copper Shock (t+1)* 
Private School 
Lead Copper Shock (t+2)

Lead Copper Shock (t+2)* 
Private School

Predicted Log School Price (Base Voucher)  Number of Students
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Number 
of 

Students

# Non-
Voucher 
Private 
School 

Students

 Predicted 
Log School 
Price (Base 

Voucher)

Realized 
Log School 
Price (Base 

Voucher)

 Number 
of 

Students

(1) (2) (3) (4) (5) (6) (7)

2245** -678* 4333*** 2622*** 0.042 -0.041 250.5**
(1117) (352) (1404) (923)

P-value based on Weak IV-
Robust 95% Confidence Set -- -- p<.05

Log Mean Income*Private 
School 

0.272** 0.304** -389.8

P-value based on Weak IV-
Robust 95% Confidence Set

p<.05 p<.05 --

Weak IV-Robust p-Value for 
Joint Test of Endogenous 
Variable(s)

0.001 0.021 0.0002

First Stage F-statistic 20.5 20.5 20.5 18.4 3.9 3.9 3.9

265.1* -80.1** 511.8*** 296.2*** 0.0026 -0.0060 27.6***
(154.3) (39.7) (195.7) (104.5) (0.0041) (0.0063) (9.7)

0.035*** 0.036** -38.8***
(0.012) (0.015) (14.3)

Year Fixed Effects X X X X X X X
Municipality Fixed Effects X X X X
Control for Total Students X
School Fixed Effects X X X
Mean of Dependent Variable 8250.7 590.5 3581.9 3581.9 9.77 9.59 244.7
SD of Dependent Variable [11502.5] [1929.8] [3998.7] [3998.7] [0.25] [0.28] [298.7]
Observations 2,307 2,307 2,307 2,307 57,925 57,925 57,925
Specification

Notes
1

2

 Table 6. Price and Enrollment Responses to Municipality-Level Income Shocks: IV Estimates

Panel A: Instrumental Variables Specifications
Log Mean Income

Number of Public 
School Students

Panel B: Reduced Form Specifications
Copper Shock

Copper Shock*Private School 

Standard errors clustered by municipality are presented in Columns (1)-(4) of Panel (A). In Columns (5)-(7), 
hypothesis testing employs weak IV-robust projection-based inference that generates coefficient-specific 95% 
confidence sets ("--" indicates that no such confidence set can be estimated). In Panel (B), standard errors are 
constructed by a two-stage bootstrap procedure, as described in text. * , **, and *** denote significance at the 
10%, 5%, and 1% levels, respectively. 

Municipality-level Municipality-level

In Columns (1)-(4), Copper Shock serves as an instrument for municipality-level Log Mean Income. In Columns 
(5)-(7), Copper Shock and Copper Shock*Private School serve as instruments for Log Mean Income and Log Mean 
Income*Private School. In Columns (5)-(7), the F statistic presented is the Kleibergen-Paap F-statistic. Copper 
shock is defined as the product of the municipality-specific elasticity of income with respect to copper prices and 
the log copper price (denominated in 1998 USD). All IV specifications rely on the linear imputation of 
municipality-level log mean income for years in which the CASEN survey was not conducted. 

School-level
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(1) (2) (3) (4) (5) (6) (7)
0.056** -0.021 -0.046** -0.103*** 0.054* -0.056 0.099*
(0.029) (0.041) (0.021) (0.037) (0.033) (0.042) (0.052)

0.079 0.076*** 0.119**
(0.051) (0.027) (0.051)
0.19** 0.145*** 0.222***
(0.080) (0.047) (0.082)

-0.029
(0.11)
0.20**
(0.087)
0.25**
(0.12)

Year*Grade Level Fixed Effects X X X X X X
Municipality Fixed Effects X X X
Municipality*Maternal Ed Tercile FEs X X X
Year Fixed Effects X
School Fixed Effects X
Mean of Dependent Variable 2.08 2.08 10.94 10.94 9.67
SD of Dependent Variable [1.19] [1.19] [1.93] [1.93] [2.36]
Observations 1,660,902 1,538,865 15,378,722 12,538,404 15,609,989 12,737,959 53,918
Specification School-level

Notes
1

2 Standard errors are constructed by a two-stage bootstrap procedure, as described in text.  * , **, and *** denote significance at the 10%, 5%, and 1% levels, 
respectively. 

Student-level

Normalized Average SIMCE 
Score

Table 7. Copper Shocks, Student Test Scores and Student Sorting Patterns

Copper Shock

Copper Shock*Maternal Education Tercile 2

Copper Shock*Maternal Education Tercile 3

School-Level Mean Maternal EducationBaseline School Price 
Quartile

Student-level

Copper Shock* Baseline School Price in 
Quartile 2
Copper Shock* Baseline School Price in 
Quartile 3

Copper Shock* Baseline School Price in 
Quartile 4

Copper shock is defined based on lagged municipality of residence. The dependent variable in Columns (1)-(2)  is the average of the student's normalized 
fourth grade math and language scores. The dependent variable in Columns (3)-(4) is constructed based on the ''top-up'' fee charged by each school in its first 
year in operation. The  dependent variable in Columns (5)-(7) is the average maternal years of schooling measured at the school-by-year level. Maternal 
education terciles are constructed at the year-by-lagged municipality of residence-by grade level. 

Student-level
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A Data Appendix

A.1 CASEN Data

While observations for a subset of municipalities are in some cases representative at the region

level but not the municipality level in specific pre-period years, I include these observations in the

construction of average household income measures in order to maximize coverage and sample

size.55 When both municipality-level and region-level weights are provided, the correlation be-

tween the two is 0.99, suggesting that the sample size gains associated with this procedure likely

outweigh the loss in precision resulting from the inclusion of non-representative municipality-by-

year cells. Indeed, following this procedure increases the modal number of years included per

municipality from three to six (the maximum).56 I restrict the sample to include the 258 of 346

Chilean municipalities that appear in at least three rounds of the CASEN survey between the years

1990 and 2000 (the model is not identified if each included municipality has only two observa-

tions). Excluded municipalities are, in general, either smaller than covered municipalities or are

too new to have been covered in a sufficient number of survey years.

Appendix Figure 2 overlays the estimated municipality-level coefficients onto a map of Chile

that includes municipality borders. There does not appear to be any clear pattern in the geographi-

cal distribution of coefficient values, although the map does make clear that municipalities without

estimated copper coefficients are most likely to be located in the sparsely populated northern and

southern extremes of the country.

A.2 Student-Level Analysis

To construct maternal education terciles, I first assign to each student the maternal education value

associated with the first available SIMCE parental survey response for that student. I proceed to

55 I exclude observations for four municipality-by-year cells with fewer than 11 respondents, the minimum number
of respondents surveyed in municipality-by-year cells that are officially representative at the municipality level.

56 Importantly, I rely only on the representative sample when examining income changes in the 2005-2013 study
period.



construct terciles at the year-by-grade-by-lagged municipality level. Terciles are constructed so

that they do not split students with the same maternal education level across bins. Constructing

terciles based on the municipality in which each student lived when surveyed in the prior year

allows for a student’s relative SES ranking to change over time in response to changes in the group

of peers with similar primary school choice sets. At the same time, relying on lagged municipality

of residence ensures that the assigned tercile is not endogenously affected by contemporaneous

copper shocks. (Using contemporaneous municipality of residence would prove problematic to the

extent that copper shocks induce cross-municipality household migration.) The share of students

in maternal education bins (1)-(3) are 43.7%, 35.1%, and 21.2%, respectively. Larger shares at

the lower end of the maternal education distribution result from a sizable fraction of respondents

reporting either eight years of schooling (corresponding to completed primary school) or twelve

years of schooling (corresponding to completed secondary school).

Students who attend private non-voucher primary schools during the 2005 to 2013 study period

are excluded from the sample used to construct maternal education terciles and from the subsequent

student-level analyses. However, estimates appear quite similar when students who have attended

non-voucher private schools are alternatively included. Across Table 7 specifications examining

school switching patterns, the sample is also restricted to include only student-by-year observations

corresponding to years in which a student was only enrolled in a single school since it is unclear

how to appropriately assign outcome measure values in instances in which students have attended

multiple schools in a given school year. This restriction also has little effect on Table 7 estimates

in practice.



B Mathematical Appendix

To solve the model introduced in Section 2, I assume that willingness to pay has probability density

function f (v) and is distributed on the interval v, v̄. The expression for the share of individuals with

willingness to pay v who attend school j is defined as:

Γ j(λ |s(q;λ ), p,v) =
exp vs(q;λ )−p(λ )

σ∫
λ̂

exp vs(q;λ̂ )−p(λ̂ )
σ

g(λ̂ )dλ̂

(B.1)

where λ represents a school’s pre-determined, or fixed, reputational quality and λ̂ spans the support

of the pre-determined quality distribution. If the total population is N, the number of students

choosing to attend school j with price p and quality s is given by:

D j(s(q;λ ), p) = N
∫ v̄

v
Γ j(λ |s(q;λ ), p,v) f (v)dv (B.2)

For the sake of exposition, I characterize comparative statics with respect to a shift in the

willingness-to-pay distribution by first redefining the indirect utility function for individual i to

include a willingness-to-pay shifter α:

Ui j = αvis j− p j + εi j (B.3)

The expressions for the share of individuals with willingness to pay v who attend school j and

for the number of students choosing to attend school j are defined as above, but with the inclusion

of the α term:

Γ j(λ |s(q;λ ), p,v,α) =
expαvs(q;λ )−p(λ )

σ∫
λ̂

expαvs(q;λ̂ )−p(λ̂ )
σ

g(λ̂ )dλ̂

(B.4)

D j(s(q;λ ), p) = N
∫ v̄

v
Γ j(λ |s(q;λ ), p,v,α) f (v)dv (B.5)

Based on the first order condition from the school’s profit maximization problem and the ex-

pressions presented above, I arrive at a set of three equations characterizing equilibrium prices,



enrollment, and expected willingness to pay of parents whose children attend school j:

p∗− [σ + c+λαV ∗(s(q∗;λ ), p∗)] = 0 (B.6)

q∗−N
∫ v̄

v
Γ j(λ |s(q∗;λ ), p∗,v,α) f (v)dv = 0 (B.7)

V ∗−
∫ v̄

v
v

Γ j(λ |s(q∗;λ ), p∗,v,α)∫ v̄
v Γ j(s(q∗;λ ), p∗,α)) f (v)dv

f (v)dv = 0 (B.8)

Here, p∗,q∗,and V ∗ represent equilibrium prices, enrollment, and expected willingness to pay

of parents whose children attend school j, respectively. Following the derivation in Urquiola and

Verhoogen (2009), the second-order conditions for a maximum are satisfied under the assumption

that σ > αλmaxv̄.

I can next apply the implicit function theorem to find expressions for d p∗
dα

and dq∗
dα

. To do so,

I construct the inverse of the Jacobian and multiply it by negative one times the vector of the

partial derivatives of Equations (B.6)-(B.8) with respect to α . The Jacobian matrix of the partial

derivatives of Equations (B.6)-(B.8) with respect to the equilibrium values of the three endogenous

variables (p, q, and V ) is as follows:

J=


1 0 −λα

q∗
σ

1+ V ∗λα

σ
0

V ∗
σ

E[v2]αλ

σq∗ + V ∗
q∗ 1


The inverse of the Jacobian can then be expressed as:

J−1 = 1

1+αV∗λ

σ
+α2V∗2λ2

σ2 −α2E[v2]λ2

σ2


1+ αV ∗λ

σ
−α2λ 2E[v2]

σq∗ − αV ∗λ
q∗ αλ + α2λ 2V ∗

σ

−q∗
σ

1+ αλV ∗
σ

−αλq∗
σ

αλE[v2]
σ2 − αλV ∗2

σ2 −αλE[v2]
σq∗ −

V ∗
q∗ 1+ αλV ∗

σ


Finally, the vector of partial derivatives of Equations (B.6)-(B.8) with respect to α is:




dEqB.6

dα

dEqB.7
dα

dEqB.8
dα

 =


−V ∗λ

−
q∗ln( nT

q∗ )V
∗λ

σ

−
E[v2]ln( nT

q∗ )λ

σ


Based on the above expressions, we arrive at the following results:

d p∗
dα

dq∗
dα

dV ∗
dα

 = 1

1+αV∗λ

σ
+α2V∗2λ2

σ2 −α2E[v2]λ2

σ2


V ∗λ + V ∗2λ 2α

σ
+ λ 2α

σ
ln(nT

q∗ )(E[v
2]−V ∗2)

q∗λ
σ
(ln(nT

q∗ )(V
∗− λα

σ
(E[v2]−V ∗2))−V ∗)

λ (E[v2]−V ∗2)
σ

(αλV ∗
σ

+ ln(nT
q∗ ))


While the change in prices associated with an upward shift in the willingness to pay distribu-

tion is unambiguously positive under the assumption that σ > αλmaxv̄, the effect of this shift on

equilibrium enrollment is ambiguous. To gain insight into the nature of enrollment responses to

changing aggregate demand, I conduct simulations of the model (as detailed in Section 2).



Appendix Figure 1: Additional Simulation Results

Panel (a) Panel (b)

Panel (c) Panel (d)

Notes: Panel (a) presents simulations when (pre-determined) reputational quality values are reduced by 50%; Panel (b) presents simulations 
when (pre-determined) reputational quality values are increased by 50%; Panel (c) sets the  (pre-determined) reputational quality equal for the 
public and lower-quality private school; Panel (d) draws willingness to pay values from a log normal distribution.   

Panel (e) Panel (f)

Panel (g) Panel (h)
Notes: Panel (e) includes 90 students in the market; Panel (f) includes two schools in the market (one public and one private); Panel (g) includes 
five schools in the market (one public and four private of varying quality); Panel (h) includes five schools in the market (one public and four 
private of varying quality) and 90 students. All panels present simulation outcomes over 500 replications for each integer value of the horizontal 
differentiation parameter between the values of 1 and 100.



Appendix Figure 2: Municipality-Specific Elasticities

Notes: This figure presents municipality-specific elasticities of income with respect to copper
prices.



(1) (2) (3) (4) (5) (6)
Average Mother's Education (Years) 0.27*** 0.25*** 2.36*** 1.06*** 0.0074*** 0.028***

(0.0047) (0.015) (0.066) (0.23) (0.0018) (0.0033)
Average Log Household Income (CLP) 0.99*** 0.44*** 10.45*** 9.79*** 0.015*** 0.019***

(0.018) (0.051) (0.27) (0.87) (0.0021) (0.0032)
Average Normalized SIMCE Test Score 0.74*** 0.042 9.61*** -0.27 0.0090*** 0.0054**

(0.027) (0.040) (0.35) (0.56) (0.0016) (0.0022)
Fraction of Teachers with College Training 0.33*** 0.25*** 1.60 2.09*** -0.00051 -0.0011

(0.084) (0.062) (1.13) (0.77) (0.0044) (0.0044)
1.00*** 0.77*** -0.28 1.68* -0.0018 0.00013
(0.115) (0.090) (1.19) (0.90) (0.0041) (0.0038)

School-level Covariates Included Separately X X X
School-level Covariates Included Jointly X X X
Year Fixed Effects X X
School Fixed Effects X X
Mean of Dependent Variable 1.70 1.95 6.33 8.71 9.81 9.87

[1.01] [1.14] [9.80] [10.89] [0.28] [0.26]
Observations 6,431 2,600 2,799 1,290 26,523 13,419

Sample

Specification

Notes
1

2

Monthly School Fee (1000 
Chilean Pesos)

2005 (All Private Voucher 
Schools)

School-level

Robust standard errors are presented in Columns (1)-(4) and standard errors in Columns (5)-(6) are clustered at the school level. * , **, and *** 
denote significance at the 10%, 5%, and 1% levels, respectively. 

Appendix Table 1. School Price Determinants

Columns (1)-(4) include only observations from a single baseline year (2005). The dependent variable in Columns (5)-(6) is constructed based on 
average school ``top-up'' fee and the average grade-specific voucher value, adjusted based on the zone-specific multiplier provided by the Chilean 
Ministry of Education. 

Baseline School Price Quartile
Predicted Log School Price 

(Base Voucher)

2005 (All Schools)

School-level School-level

2005-2013 (All Private 
Voucher Schools)

Fraction Inexperienced Teachers (0-1 Years 
Experience



(1) (2) (3) (4)
0.0039 0.0077 8.55** 8.54

(0.0035) (0.0048) (4.33) (5.95)
0.020** 0.024** -10.96 4.44
(0.010) (0.012) (7.73) (10.28)

-0.0072* 12.40***
(0.0043) (4.81)
0.027** -19.59**
(0.011) (9.34)

Year Fixed Effects X X X X
School Fixed Effects X X X X
Mean of Dependent Variable 9.83 9.78 226.1 228.1
SD of Dependent Variable [0.24] [0.23] [286.6] [291.6]
Observations 27,954 21,027 27,954 21,027
Specification

Notes
1

2

Appendix Table 2. School Price and Enrollment Responses to Municipality-Level Income 
Changes: OLS Estimates

Log Mean Income

Lead Log Mean Income

Log Mean Income* Private School

Lead Log Mean Income* Private 
School

 Number of Students
Predicted Log School 
Price (Base Voucher)

The dependent variable in Columns (1)-(2) is constructed based on average school ``top-up'' 
fee and the average grade-specific voucher value, adjusted based on the zone-specific multiplier 
provided by the Chilean Ministry of Education. Log mean household income is the log of the 
mean household income of municipality residents in 1998 CLP. 

School-level School-level

Regressions are clustered at the municipality level. * , **, and *** denote significance at the 
10%, 5%, and 1% levels, respectively. 



(1) (2) (3) (4) (5) (6) (7) (8) (9)
0.024*** 0.023*** -0.012 -0.013 20.24** 20.77*** -0.072*** -0.045** -0.027
(0.0079) (0.0075) (0.010) (0.0099) (7.87) (7.82) (0.021) (0.020) (0.020)
0.054** 0.050** -40.83***
(0.021) (0.024) (15.25)

-0.00029 -0.020* -20.23* -0.005 0.037 -0.042
(0.013) (0.011) (11.93) (0.033) (0.056) (0.037)

0.095*** 0.086*** -60.68*** -0.003 0.097* 0.035
(0.036) (0.025) (18.47) (0.070) (0.054) (0.061)

0.221*** 0.274*** -85.46*** 0.092* 0.111 0.118***
(0.076) (0.089) (31.98) (0.052) (0.078) (0.045)

Year Fixed Effects X X X X X X X X X
School Fixed Effects X X X X X X X
Control for # Students in Municipality X X X X X
Municipality-by-Quartile FEs X X

Weighted by Number of Schools X
Mean of Dependent Variable 9.88 9.88 9.90 9.90 244.5 244.5 17.17 19.49 20.26
SD of Dependent Variable [0.31] [0.31] [0.45] [0.45] [298.6] [298.6] [1.40] [1.29] [1.16]
Observations 58,016 54,180 58,016 54,180 58,016 54,180 54,180 5,987 5,987

Specification School-
level

Notes
1

2

Copper Shock

Appendix Table 3. School Price and Enrollment Responses to Municipality-Level Copper Shocks (Alternative Specifications)
Predicted Log School Price 

(Base Voucher+SEP) 
Realized Log School Price 

(Base Voucher+SEP)  Number of Students Log Revenue

Standard errors constructed by a two-stage bootstrap procedure, as described in text. * , **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. 

The dependent variable in Columns (1)-(2) is constructed based on average school ``top-up'' fee, the average grade-specific voucher value (adjusted based on the zone-
specific multiplier provided by the Chilean Ministry of Education), and predicted SEP voucher revenues. For each SEP-participating school, predicted SEP revenues 
are equal to the average SEP voucher value multiplied by the share of priority students enrolled in the relevant grade levels. In Columns (3)-(4), realized rather than 
average voucher values are used to construct the school price measure (realized voucher payments are a function of lagged attendance rates). Log revenue is 
constructed based on total realized school revenue (excluding revenue based on realized student/teacher performance). In Columns (8)-(9), the unit of observation is 
the municipality-by-baseline school price quartile-by-year and the dependent variable is the log of total revenues at this level of aggregation.

Copper Shock* Private School

Copper Shock* Baseline School Price 
in Quartile 2

Copper Shock* Baseline School Price 
in Quartile 3

Copper Shock* Baseline School Price 
in Quartile 4

School-level School-level Municipality-by-
Quartile level



(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
-0.0030 -0.0020 -0.013* -0.012* 2.81 31.72** 30.73*** -0.050** 0.0026 -0.0028
(0.0055) (0.0050) (0.0082) (0.0080) (6.57) (13.45) (13.10) (0.025) (0.028) (0.023)
0.046** 0.073*** -70.56***
(0.019) (0.022) (22.55)

-0.023** 0.010 -48.86** -0.049 0.058 -0.041
(0.011) (0.014) (21.62) (0.059) (0.075) (0.063)

0.062*** 0.085*** -68.98*** 0.00004 0.076 0.047
(0.020) (0.021) (20.69) (0.071) (0.054) (0.059)
0.12*** 0.15*** -92.06*** 0.098* 0.100 0.131**
(0.035) (0.043) (31.79) (0.056) (0.077) (0.054)

Year Fixed Effects X X X X X X X X X X
School Fixed Effects X X X X X X X X
Municipality-by-Quartile FEs X X
Weighted by Number of Schools X
Mean of Dependent Variable 9.76 9.76 9.58 9.58 294.3 294.3 294.3 17.46 19.65 20.51
SD of Dependent Variable [0.26] [0.26] [0.30] [0.30] [315.0] [315.0] [315.0] [1.36] [1.28] [1.12]
Observations 45,185 41,610 45,185 41,610 45,185 45,185 41,610 41,610 4,870 4,870

Specification
School-

level
Notes
1

2

School-level

The dependent variable in Columns (1)-(2) is constructed based on average school ``top-up'' fee and the average grade-specific voucher value, adjusted based on the 
zone-specific multiplier provided by the Chilean Ministry of Education. In Columns (3)-(4), realized rather than average voucher values are used to construct the 
school price measure (realized voucher payments are a function of lagged attendance rates). Log revenue is constructed based on total realized school revenue 
(excluding revenue based on realized student/teacher performance). In Columns (9)-(10), the unit of observation is the municipality-by-baseline school price quartile-
by-year and the dependent variable is the log of total revenues at this level of aggregation. The sample is restricted to include only schools in municipalities in 
which the majority of the population is classified as urban.
Standard errors are constructed by a two-stage bootstrap procedure, as described in text.  * , **, and *** denote significance at the 10%, 5%, and 1% levels, 
respectively. 

Copper Shock* Private School

Copper Shock* Baseline School 
Price in Quartile 2

Copper Shock* Baseline School 
Price in Quartile 3

Copper Shock* Baseline School 
Price in Quartile 4

School-level Municipality-by-
Quartile level

Copper Shock

Appendix Table 4. School Price and Enrollment Responses to Municipality-Level Copper Shocks (Urban Sample)
Predicted Log School 
Price (Base Voucher)

Realized Log School 
Price (Base Voucher)  Number of Students Log Revenue



(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
-0.0024 -0.0030 -0.0017 -0.0021 11.19** 27.18*** 27.83*** -0.073*** -0.030 -0.0064
(0.0031) (0.0030) (0.0053) (0.0053) (5.12) (9.37) (9.41) (0.020) (0.019) (0.020)
0.030*** 0.025** -37.78***
(0.010) (0.011) (13.68)

-0.0011 -0.012* -17.98 -0.002 0.046 -0.043
(0.0060) (0.0062) (11.20) (0.032) (0.051) (0.034)
0.060*** 0.069*** -49.42*** 0.035 0.109** 0.077
(0.016) (0.017) (17.30) (0.063) (0.049) (0.050)
0.11*** 0.13*** -81.09*** 0.114** 0.082 0.143**
(0.036) (0.043) (26.36) (0.056) (0.073) (0.064)

Year Fixed Effects X X X X X X X X X X
School Fixed Effects X X X X X X X X
Municipality-by-Quartile FEs X X
Weighted by Number of Schools X
Mean of Dependent Variable 9.77 9.77 9.59 9.59 244.5 244.5 244.5 17.17 19.49 20.26
SD of Dependent Variable [0.25] [0.25] [0.28] [0.28] [298.6] [298.6] [298.6] [1.40] [1.29] [1.16]
Observations 58,016 54,180 58,016 54,180 58,016 58,016 54,180 54,180 5,987 5,987

Specification
School-

level
Notes
1

2

Lagged Copper Shock is defined based on the lagged world copper price. The dependent variable in Columns (1)-(2) is constructed based on average school ``top-
up'' fee and the average grade-specific voucher value, adjusted based on the zone-specific multiplier provided by the Chilean Ministry of Education. In Columns 
(3)-(4), realized rather than average voucher values are used to construct the school price measure (realized voucher payments are a function of lagged attendance 
rates). Log revenue is constructed based on total realized school revenue (excluding revenue based on realized student/teacher performance). In Columns (9)-(10), 
the unit of observation is the municipality-by-baseline school price quartile-by-year and the dependent variable is the log of total revenues at this level of 
aggregation. 
Standard errors are constructed by a two-stage bootstrap procedure, as described in text.  * , **, and *** denote significance at the 10%, 5%, and 1% levels, 
respectively. 

Lagged Copper Shock* Private 
School

Lagged Copper Shock* Baseline 
School Price in Quartile 2

Lagged Copper Shock* Baseline 
School Price in Quartile 3

Lagged Copper Shock* Baseline 
School Price in Quartile 4

School-level School-level Municipality-by-
Quartile level

Lagged Copper Shock

Appendix Table 5. School Price and Enrollment Responses to Lagged Municipality-Level Copper Shocks
Predicted Log School 
Price (Base Voucher)

Realized Log School 
Price (Base Voucher)  Number of Students Log Revenue



(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
Copper Shock 0.212*** 0.237***

(0.077) (0.074)
0.0018

(0.0042)
-0.00079
(0.0052)

0.036*** 0.044*** -51.59***
(0.011) (0.015) (19.40)

-0.0040 0.0086 -21.52* 0.012 0.019 0.0005
(0.0076) (0.010) (12.30) (0.042) (0.058) (0.047)
0.065*** 0.073*** -83.20*** -0.053 0.049 -0.032
(0.019) (0.021) (27.30) (0.067) (0.060) (0.060)

0.129*** 0.139*** -103.80** 0.010 0.018 0.023
(0.035) (0.046) (43.40) (0.056) (0.074) (0.047)

Year Fixed Effects X X
Municipality  FEs X X
School Fixed Effects X X X X X X X
Year*Municipality FE X X X X X X X X X
Municipality-by-Quartile FEs X X
Weighted by # Schools X
Observations 1,030 1,030 58,011 54,173 58,011 54,173 58,011 54,173 54,173 5,601 5,601

Specification School-
level

Notes
1

2

Copper Shock* Baseline # 
Private Schools

Copper Shock* Baseline # Fee-
Charging Private Schools

Municipality-level

Copper Shock* Private School

Copper Shock* Baseline School 
Price in Quartile 2

Appendix Table 6. School Price and Enrollment Responses to Municipality-Level Copper Shocks (including Year-by-Municipality Fixed Effects)

Predicted Log School 
Price (Base Voucher)

Realized Log School 
Price (Base Voucher)

 Number of Students Log RevenueLog Mean  Income

Copper Shock* Baseline School 
Price in Quartile 3

Copper Shock* Baseline School 
Price in Quartile 4

School-level School-level

Standard errors constructed by a two-stage bootstrap procedure (described in text). * , **, and *** denote significance at the 10%, 5%, and 1% levels. 

In Columns (1)-(2), the baseline number of private (fee-charging) voucher schools in a municipality is defined using 2004 data. The mean number of private voucher 
schools is 12.3 and the mean number of fee-charging private voucher schools is 6.4. 

Municipality-by-
Quartile 



 Number of 
Schools

 Number of 
Public 

Schools

 Number of 
Private 
Schools

 Number of 
Schools

 Number of 
Public 

Schools

 Number of 
Private 
Schools

(1) (2) (3) (4) (5) (6)

Copper Shock 0.20 0.0093 0.18 -0.016 -0.021** -0.0056
(0.26) (0.18) (0.16) (0.011) (0.0096) (0.023)

Observations 2,304 2,304 2,304 2,304 2,304 2,052

Average Copper Shock -1.34 -0.67 -0.86 -0.093* -0.076 -0.082
(1.29) (0.97) (0.78) (0.048) (0.057) (0.074)

Year Fixed Effects X X X X X X
Municipality Fixed Effects X X X X X X
Mean of Dependent Variable 30.9 16.7 14.2 30.9 16.7 14.2
SD of Dependent Variable (28.8) (11.5) (21.3) (28.8) (11.5) (21.3)
Observations 1,792 1,792 1,792 1,792 1,792 1,596
Sample

Specification

Notes
1

2 Standard errors are constructed by a two-stage bootstrap procedure, as described in text.  * , **, and *** denote 
significance at the 10%, 5%, and 1% levels, respectively. 

Appendix Table 7. Copper Shocks and School Entry/Exit

Average Copper Shock is defined as the mean of current, lagged, and twice lagged copper shocks. To account for the 
high degree of serial correlation in the dependent variable, regressions in Panel (A) control for the lagged value of the 
dependent variable and regressions in Panel (B) control for the third lag of the dependent variable. 

All Municipalities All Municipalities

Municipality-level OLS Municipality-level Poisson QMLE

Panel A: Contemporaneous Copper Shock

Panel B: Average Copper Shock



(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
-0.0010 -0.0018 -0.0049 -0.0053 13.61** 33.43*** 34.26*** -0.055** -0.016 0.004
(0.0038) (0.0037) (0.0063) (0.0063) (6.48) (11.65) (11.70) (0.024) (0.024) (0.024)
0.038*** 0.034** -47.14***
(0.013) (0.015) (17.14)

-0.0019 -0.013* -21.86 -0.006 0.036 -0.042
(0.0074) (0.0076) (13.85) (0.041) (0.063) (0.041)
0.077*** 0.091*** -63.53*** 0.054 0.102* 0.085
(0.022) (0.022) (21.48) (0.076) (0.061) (0.061)

0.144*** 0.162*** -101.61*** 0.146** 0.076 0.16**
(0.047) (0.055) (32.68) (0.070) (0.089) (0.081)

Year Fixed Effects X X X X X X X X X X
School Fixed Effects X X X X X X X X
Municipality-by-Quartile FEs X X
Weighted by Number of Schools X
Mean of Dependent Variable 9.77 9.77 9.59 9.59 244.5 244.5 244.5 17.17 19.49 20.26

[0.25] [0.25] [0.28] [0.28] [298.6] [298.6] [298.6] [1.40] [1.29] [1.16]
Observations 58,016 54,180 58,016 54,180 58,016 58,016 54,180 54,180 5,987 5,987

Specification
School-

level
Notes
1

2 Standard errors are constructed by a two-stage bootstrap procedure, as described in text.  * , **, and *** denote significance at the 10%, 5%, and 1% levels, 
respectively. 

Average Copper Shock

Appendix Table 8. School Price and Enrollment Responses to Average Municipality-Level Copper Shocks
Predicted Log School 
Price (Base Voucher)

Realized Log School 
Price (Base Voucher)  Number of Students Log Revenue

Average Copper Shock is defined as the mean of current, lagged, and twice lagged copper shocks. The dependent variable in Columns (1)-(2) is constructed based 
on average school ``top-up'' fee and the average grade-specific voucher value, adjusted based on the zone-specific multiplier provided by the Chilean Ministry of 
Education. In Columns (3)-(4), realized rather than average voucher values are used to construct the school price measure (realized voucher payments are a function 
of lagged attendance rates). Log revenue is constructed based on total realized school revenue (excluding revenue based on realized student/teacher performance).  In 
Columns (9)-(10), the unit of observation is the municipality-by-baseline school price quartile-by-year and the dependent variable is the log of total revenues at 
this level of aggregation. 

Average Copper Shock* Private 
School

Average Copper Shock* Baseline 
School Price in Quartile 2

Average Copper Shock* Baseline 
School Price in Quartile 3

Average Copper Shock* Baseline 
School Price in Quartile 4

School-level School-level Municipality-by-
Quartile level



(1) (2) (3) (4)
-8034.5 0.075

(21183.7) (0.564)
Average Copper Shock -9910.3 0.140

(20080.9) (0.398)
Year Fixed Effects X X X X
Municipality Fixed Effects X X X X
Mean of Dependent Variable 74,570.3 74,570.3 74,570.3 74,570.3
SD of Dependent Variable [179,767] [179,767] [179,767] [179,767]
Observations 1,548 1,548 1,374 1,374
Sample
Specification

Notes
1

2 Standard errors are constructed by a two-stage bootstrap procedure, as described in text. * , **, and *** denote 
significance at the 10%, 5%, and 1% levels, respectively. 

Appendix Table 9. Copper Shocks and Public School Funding

Copper Shock

Average Copper Shock is defined as the mean of current, lagged, and twice lagged copper shocks. FNDR refers 
to the National Fund for Regional Development. Data is available for 2005-2008 and 2010-2011. FNDR 
values are denominated in 1998 CLP.

Municipality-level OLS Municipality-level Poisson QMLE
All Municipalities with FNDR Data

FNDR (1000 CLP) FNDR (1000 CLP)



(1) (2)
-0.066 -0.0042
(0.20) (0.19)

0.136** 0.136**
(0.062) (0.062)

Year Fixed Effects X X
Municipality*Teacher Fixed Effects X X
Mean of Dependent Variable 7.53 7.54
SD of Dependent Variable [0.79] [0.79]
Observations 266,123 267,009
Sample
Specification
Teacher Classification Narrow Broad

Notes
1

2 Standard errors are constructed by a two-stage bootstrap procedure, as described in 
text. * , **, and *** denote significance at the 10%, 5%, and 1% levels, 
respectively. 

Appendix Table 10. Copper Shocks and Teacher Incomes

Copper Shock* Teacher       

Copper Shock*Non-Teacher

Individual-level

Narrow Teacher Classification includes only preschool and primary school non-
special educational teachers, while Broad Teacher Classification includes non-special 
educational teachers as well as additional personnel including school inspectors, 
curriculum specialists, etc. The Log Primary Occupation Hourly Income measure is 
denominated in 1998 CLP.

Respondents with Occupation Listed

Log Primary Occupation Hourly Income



(1) (2) (3) (4) (5) (6)
0.0039 0.0021 0.0026 0.017* 0.0040 0.0044

(0.0095) (0.014) (0.014) (0.0095) (0.013) (0.013)
0.0036 0.026
(0.018) (0.020)

0.0016 0.019
(0.023) (0.028)
0.032 0.032

(0.029) (0.033)
-0.025 0.011
(0.025) (0.035)

Year Fixed Effects X X X X X X
School Fixed Effects X X X X X X
Mean of Dependent Variable 0.89 0.89 0.89 0.075 0.075 0.075
SD of Dependent Variable [0.22] [0.22] [0.22] [0.19] [0.19] [0.19]
Observations 27,289 27,289 26,049 29,114 29,114 27,816
Specification

Notes
1
2 Standard errors are constructed by a two-stage bootstrap procedure, as described in text. * , **, and *** denote 

significance at the 10%, 5%, and 1% levels, respectively. 

Data on teacher experience and educational attainment is only available for a subset of schools. 

Appendix Table 11. Copper Shocks and Teacher Characteristics

Copper Shock

Copper Shock* Private School

Copper Shock* Baseline School 
Price in Quartile 2

Copper Shock* Baseline School 
Price in Quartile 3

Copper Shock* Baseline School 
Price in Quartile 4

Share Inexperienced Teachers (0-1 
Years of Experience) Share Teachers with College Training 

School-level School-level



Log Mean  
Rental Income

Log Mean  
Rental Income

Log Mean  
Rental Income

Log Mean  
Rental Income

(1) (2) (3) (4)
0.0025 0.053 0.028 0.079
(0.055) (0.056) (0.056) (0.056)

Year Fixed Effects X X X X
Municipality Fixed Effects X X X X
Additional Controls X X
Weighted X X
Mean of Dependent Variable 9.36 9.36 9.41 9.41
SD of Dependent Variable [0.67] [0.67] [0.63] [0.63]
Observations 1,030 1,030 1,030 1,030
Specification

Notes

1

2

Appendix Table 12. Copper Shocks and Imputed Rental Income

Copper Shock

Standard errors are constructed by a two-stage bootstrap procedure, as described in text. * , 
**, and *** denote significance at the 10%, 5%, and 1% levels, respectively. 

Municipality-level Municipality-level

Log Mean Rental Income is log (municipality-level) mean household imputed rental income, 
as measured in the CASEN, and is denominated in 1998 CLP. Weighted regressions are 
weighted by the baseline (2004) number of schools in the municipality. Additional controls 
include controls for the fraction of the adult population that is literate, the fraction of the adult 
population that is married, the fraction of households residing in rural areas, mean household 
size, the mean number of working-aged household members, and the interactions between 
each of these covariates and survey round fixed effects.  



Number 
Teachers

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
0.391** 0.683*** 0.697*** -6.38* 1.63 1.69 0.19 -0.261 0.297 0.297
(0.161) (0.263) (0.264) (3.56) (6.84) (6.77) (0.29) (0.253) (0.353) (0.349)

-0.697* -19.17 -1.298*
(0.368) (12.71) (0.670)

-0.324 0.59 -0.18 -0.311
(0.373) (10.53) (0.39) (0.547)

-0.970** -37.46* -1.74*** -2.550***
(0.377) (19.23) (0.65) (0.964)

-1.508** -42.62* -2.60** -2.765**
(0.599) (22.28) (1.07) (1.221)

Year Fixed Effects X X X X X X X X X X

School Fixed Effects X X X X X X X X X X

8.45 8.45 8.45 284.1 284.1 284.1 12.27 23.68 23.68 23.68
[7.70] [7.70] [7.70] [239.3] [239.3] [239.3] [10.04] [10.76] [10.76] [10.76]
13.04 13.04 13.04 389.3 389.3 389.3 18.51 30.80 30.80 30.80
[8.42] [8.42] [8.42] [246.0] [246.0] [246.0] [9.93] [8.97] [8.97] [8.97]

Observations 51,446 51,446 48,050 48,683 48,683 46,491 46,491 51,446 51,446 48,050
Specification

Notes
1

Appendix Table 13. Copper Shocks, School Inputs and Class Size

Number of Classes

Copper Shock

Copper Shock* Private School

Copper Shock* Baseline School Price in 
Quartile 2

Copper Shock* Baseline School Price in 
Quartile 4

Mean and SD of Dependent Variable (All 
Schools)

School-level

Average Class Size is constructed based on number of full time-equivalent teachers in the subset of (typically rural) schools with classes that include students from 
multiple grade levels since classroom assignments cannot be accurately inferred for this subsample.  Standard errors are constructed by a two-stage bootstrap 
procedure, as described in text.  * , **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. 

Mean and SD of Dependent Variable 
(Quartile 3 and Quartile 4 Schools)

School-level

Average Class SizeNumber of Contract Hours

School-level

Copper Shock* Baseline School Price in 
Quartile 3




