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Abstract

Private school market shares are rising steadily in many developing countries,
but we have a limited understanding of how private schools set prices, how parents
respond, and how this affects enrollment and performance in equilibrium. To shed
light on demand behavior and supply response, I present a model of school pricing
that incorporates an unusual feature of schooling compared to other goods — a
potential preference by parents for small classes, and hence low school enrollment —
that interacts with schools having market power. I show that, for a relatively broad
range of parameter values, these two features can lead to the surprising result that
an increase in aggregate household income, and hence an increase in willingness to
pay for private schooling, can actually cause equilibrium private school enrollment to
decrease. To investigate how private school enrollment responds to rising household
income in practice, I exploit aggregate community-level income shocks in Chile,
which has had a nationwide school voucher system since 1981. These shocks are
caused by different responses to the price of copper in different municipalities. 1
show that private school prices rise by 0.9% in response to a shock that causes a
1% rise in income while private school enrollment falls by 2.0%. I find that falling
private school enrollment is primarily caused by the middle-income students at the
top schools. Those middle-income students induced to downgrade by rising prices do
not experience the test score gains from the income shock experienced by students
in the rest of the income distribution. I structurally estimate an extended version
of the model and find that both market power and parental preferences for reduced
class size are contributing to the observed declines in enrollment.
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1 Introduction

In recent years, parents in developing countries, dissatisfied with the quality and avail-
ability of public schooling, have increasingly turned towards 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 Bogota, where over
70% of secondary schools are private (Bettinger et al., 2010; King et al., 1997). As the
private school sector expands, the market for schooling will play an increasingly critical
role in determining the quality of education to which children have access. Consequently,
to be able to analyze how private school expansion will affect educational opportunities,
we need to better understand how private schools set prices and enrollment levels, how
parents respond, and how this affects performance and enrollment in equilibrium.

There are two reasons to think that understanding school pricing may be more compli-
cated in this setting than in standard competitive market models. First, private schools
may have substantial market power. Parents’ idiosyncratic preferences for particular
school attributes allow for extensive horizontal differentiation. Moreover, while students’
potential choice set is typically large, they are often unwilling to travel large distances
to school and so, in practice, choose from only a small number of schools. The fact that
reputation plays an important role in schooling decisions (and takes time for schools to
build) further suggests that school supply may be constrained in the short run in many
environments. Second, school quality is decreasing in class size and, because the number
of classrooms is typically fixed in the short run, school quality is decreasing in enrollment.
This unusual feature of the educational market increases the likelihood that schools face
downward-sloping demand curves in the price-enrollment space.

In this paper, I propose a model of private school supply and demand which incorpo-
rates schools’ market power and the fact that school quality (e.g. class size) is a normal

good, but adjustments to the number of classrooms in a school are infrequent.! Based on

! The model builds on industrial organization demand estimation research, including Berry et al.

(1995) and Nevo (2000), that analyzes consumer choice within differentiated products markets. The



this model, I simulate schools’ profit-maximizing pricing behavior in a simplified market
in which consumers (i.e., parents) experience a positive aggregate income shock. I show
that, for a wide range of parameter values, private schools’ profit-maximizing strategy is
to increase prices to the point that the equilibrium private school enrollment share declines
as students switch to public schools. The finding that rising aggregate income 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 response of private school prices and enrollment to aggregate changes
in income in practice, I use Chilean labor force survey data to construct aggregate in-
come shocks based on variation in global copper prices and in local elasticities of income
with respect to copper prices. I then use administrative school price data provided by
the Chilean Ministry of Education to examine how school prices respond to a positive
aggregate income shock. I estimate equilibrium impacts on students’ enrollment decisions
and examine the extent to which enrollment impacts vary based on the education level of
students’ parents. I find that private school prices rise and enrollment levels fall in this
setting. These effects are driven by those schools that were already the most expensive
at baseline. I proceed to structurally estimate an extended version of the model in order
to characterize the relative importance of the market power and class size channels in
explaining estimated enrollment declines. I show that both features of the market are
needed to explain the observed equilibrium declines in private school enrollment. Finally,
I present estimates of test score impacts and compare them to observed changes in student
enrollment patterns.

Chile provides an ideal setting for studying how the pricing behavior of profit-maximizing
schools mediates the impact of municipality-level aggregate shocks that would unambigu-
ously improve outcomes for students in a non-market educational environment. The

advantages of the Chilean setting are two-fold. First, its private school market is well-

model is most closely related to Urquiola and Verhoogen (2009), which 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.



established and covers the whole country. Chile introduced its nationwide school voucher
system in 1981 and allows private schools to accept vouchers while charging additional
fees. At present, only 7% of Chilean students attend primary or secondary schools which
do not participate in the voucher market. Second, the Chilean Ministry of Education col-
lects data on private school enrollment and prices that is not available in other settings,
and the Ministry links this data to individual student records. This linkage allows me to
investigate how school pricing decisions impact students’ enrollment responses and their
academic performance.

Rigorous evidence on demand behavior and supply response within large-scale private
school markets more broadly has been limited by data constraints as well as a lack of
plausibly exogenous variation in demand for or supply of private schooling that can be
isolated and studied.? While there is an extensive school voucher literature (see, for in-
stance, Rouse, 1998; Angrist et al., 2002; Krueger and Zhu, 2004; Howell and Peterson,
2006) in which the authors use voucher lotteries to identify the causal impact of gain-
ing access to private school on educational 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 exper-
iments 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.? By identifying a source of ag-

2 One exception is Muralidharan and Sundararaman (2013), 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.

Here, authors are limited by the fact that the voucher system was introduced nationwide in 1981
as part of a larger educational reform. A number of early studies of the Chilean voucher system,
such as Mizala and Romaguera (2000), employ OLS regressions of test scores on school type (private
versus public) and include student demographic characteristics in an effort to control for 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



gregate income shocks at the municipality by year level and by exploiting rich educational
panel data, my work sheds light on how schools behave strategically within private school
markets and how school pricing impacts students.* In doing so, this project 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.

To conduct the reduced-form analysis, I construct plausibly exogenous municipality-
level aggregate income shocks using variation in global copper prices and in how income in
a given municipality responds to global copper prices. Specifically, I use historical global
copper prices and pre-period labor force survey data on household income to construct
municipality-specific measures of the elasticity of income with respect to global copper
prices from the period before educational microdata is available. For the purposes of
exposition, I normalize these municipality-specific elasticities. The interaction of the
normalized elasticities with contemporaneous copper prices serves as the aggregate income
shock. In the analysis, I focus on the effect of “positive copper shocks,” which correspond
to copper price increases in municipalities with positive normalized elasticities. Based on
this identification strategy, I find that a positive copper shock has a relatively uniform
impact across the log income distribution. Importantly, I confirm that the copper shocks
constructed based on this methodology do not have any statistically significant impact on
private school prices from previous years. I then proceed to estimate the effect of these
positive copper shocks on school prices, student enrollment patterns, and student test

scores.

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.

Andrabi et al. (2013) 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.



School price and enrollment responses to rising aggregate income make it clear that
the education market does not behave like a standard competitive market. I estimate
that a 1% increase in aggregate household income has a positive (0.9%) impact on private
school prices. However, this 1% aggregate income increase causes a 2.0% decline in private
school enrollment as students move to public schools. This negative enrollment response
is inconsistent with a standard perfect competition model of the market in which private
schools expand (or enter the market) to meet increased demand and so both private school
prices and enrollment shares rise with aggregate income. Changes in school prices and
enrollment are not uniform within the private school sector. While the most elite private
voucher schools increase prices by 1.4% in response to the 1% aggregate income shock,
those private schools charging the lowest prices at baseline do not raise prices at all.
Correspondingly, top schools become significantly more exclusive (reducing enrollment by
3.2%), while low-end private schools increase enrollment levels.

Given rising prices at elite private schools, heterogeneity in baseline enrollment pat-
terns and in parents’ willingness to pay for private schooling are the key determinants of
whether declines in the quality of school attended are universal or are driven by a par-
ticular subpopulation of students. To examine changes in student enrollment decisions,
I exploit the availability of unique student identifiers that allow students to be tracked
across years and across schools. Grouping students into bins based on their parental
education level, I find that declines in the average baseline price of school attended are
driven by students in the two middle quartiles of the parental education distribution who

® Middle parental education students corre-

attended elite private schools at baseline.
spondingly exhibit the smallest test score gains (although all subgroups improve their
average test score performance in response to the income shock). I provide suggestive
evidence that smaller gains for moderate parental education students are indeed driven

by their relatively higher rates of school downgrading, and this implies that those students

5  Low parental education students do not significantly reduce the baseline price of schools attended

because they are unlikely to be attending elite private schools at baseline. At the other end of the
distribution, high parental education students experience smaller declines in the baseline price of
schools attended because they are more likely to be able and willing to pay to stay in elite private
schools after these schools increase prices.



who downgrade actually experience large test score losses in response to rising aggregate
income.

In order to characterize the mechanism driving observed declines in private school en-
rollment, I proceed to estimate the model based on the demand curve estimation approach
introduced in Berry et al. (1995).% T calculate how the elasticity of residual demand faced
by private schools changes in response to a positive aggregate income shock and then sim-
ulate price and enrollment impacts by finding a Nash equilibrium in the market (i.e., a set
of prices at which all private schools are best-responding). Estimates reveal that schools’
market power and parents’ class size preferences cause reductions in demand elasticity
which make it profitable for schools to raise prices substantially. At the same time, par-
ents’ preferences for reduced class size are essential in ensuring that elite private schools
prefer to raise prices and reduce enrollment rather than leave prices relatively fixed and
instead profit from substantial enrollment increases. Structural simulations produce an
increase in public school enrollment and private school prices that qualitatively matches
the reduced-form findings. In addition, the simulations predict larger price increases and
enrollment declines at elite private schools (as observed in the data).

The remainder of the paper is structured as follows. Section 2 presents a model of the
private school education market that predicts how private school prices and enrollment
levels respond to rising aggregate income. Section 3 documents institutional details of the
Chilean educational market. Section 4 discusses the data used in the empirical analysis,
and Section 5 outlines the identification strategy. Section 6 estimates the impact of
positive copper shocks on school prices and enrollment. Section 7 investigates the impact
of positive copper shocks on student school switching patterns and test scores. Section 8

structurally estimates an extended version of the model, and Section 9 concludes.

6 The particular two-step algorithm used is outlined in Berry et al. (2004) and detailed in Gallego and

Hernando (2009).



2 Model

In standard competitive market models, increased aggregate demand causes increases in
equilibrium prices and quantities. The market for private school education, however, has
two key features that make it distinct from standard markets and suggest that schools’
strategic pricing behavior could potentially cause private school enrollment to fall in re-
sponse to an increase in household income and aggregate demand. First, schools have
market power that results from short-run supply constraints, idiosyncratic parental pref-
erences, and the fact that most students choose between a relatively small number of
schools located in close proximity to their homes. Second, school quality is a normal
good, and school quality is decreasing in average classroom size. In this section, I propose
a model that incorporates these two features of the private school market and outlines
the conditions under which they will cause equilibrium private school enrollment to fall
in response to increased aggregate demand.

I assume that the utility function of individual 7 is defined as in the standard vertical

differentiation model but with the inclusion of an additional error term:
Uij = QU;Sj; — Py + €ij (1)

In this framework, a represents an aggregate willingness to pay shifter, each individual
has willingness to pay for quality v;, and each school j has an associated quality s and
price p. As is common in the literature, this expression assumes that schools choose an
overall price level but do not have the capacity to price discriminate across students.” 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.® The scale parameter of the error term, defined as o, can

be interpreted as a measure of the extent of school differentiation within the market. I

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).



assume that willingness to pay has probability density function f(v) and is distributed
on the interval v, v. Given these assumptions, the expression for the share of individuals
with willingness to pay v who attend school j is defined as:
avs(s)—p(s)

Ij(s] ) i - (2)
(s|la,v,p,s) = 7 —
: [ eap L2 g 5)ds

where s represents the baseline quality of a school and § spans the support of the baseline
school 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:
Dy(slav.p.9) = N [ Ty(slav.p,o)f(0)de 3)

Before advancing to the dynamics of school price and enrollment decisions, I introduce
assumptions about school operating costs and the school quality production function. I
assume that there are two types of costs faced by schools: (1) F,,, a cost of operating each
classroom, and (2) ¢, a per-student variable cost. Then, the profit function for school j

can be expressed as follows:

I; = (pj — ¢)q; — n;Fy (4)

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

In the market for private school education, school reputation is typically an important
determinant of perceived quality and is relatively fixed in the short run.” Consequently,
I model school quality s as a function of s and ¢. Enrollment is a key determinant of
perceived quality due to parents’ preference for reduced classroom size (and possibly for
school exclusivity).!® One important modeling decision I make is in assuming that the

number of classrooms in a school is fixed in the short run. This assumption improves the

9
10

For more discussion on this topic in the Chilean context, see Gallego (2013).

For a discussion of the relationship between classroom size and school quality in the Chilean context,
see Urquiola and Verhoogen (2009). McEwan (2013) presents a meta-analysis of randomized exper-
iments 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.



tractability of the model by reducing the number of choice variables from three to two
and appears to be satisfied in the Chilean setting (in which I test the predictions of the
model).!! T assume that the functional form of the relationship between school quality

and enrollment is characterized as follows:
q;
8j=8;— (=) (5)

In this equation, 7 reflects the relative importance of classroom size in the school quality
production function. The expression implies that school quality is decreasing linearly in
classroom size.'?

Given the above expressions for school profit, school quality, and household demand for
private schooling, I derive comparative statics for school price and enrollment responses to

shifting demand.'® I focus on the case of a positive shock to aggregate demand, represented

by an increase in «. To start, I define the school’s profit maximization problem in terms

1 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, public schools and low-cost private schools slightly increase the number of classrooms
as they increase enrollment, but average classroom size still rises significantly at these times. High-
cost private schools slightly reduce the number of classrooms as they decrease total enrollment, but
average classroom size still falls significantly as a result of these changes. Thus, changes in enrollment,
rather than changes in the number of classrooms, appear to determine aggregate changes in average
classroom size.

This parameterization of the school quality production function differs from that in Urquiola and
Verhoogen (2009). There, the authors model the impact of classroom size reductions on school quality
to be increasing in baseline school quality and proportional to percentage changes in classroom size.
My assumption that the impact of classroom size reductions on school quality is independent of
baseline quality is motivated by the finding (discussed in Section 8) that heterogeneity in parental
preferences for reduced classroom size by baseline characteristics is relatively limited. Since wealthier
students are more likely to attend schools with higher baseline quality, these students would exhibit
stronger preferences for reduced classroom size if associated quality gains were indeed larger in
higher baseline quality schools. I assume that quality decreases linearly in classroom size to reduce
the incentive for schools to dramatically reduce class size (to near zero) in order to raise prices
as this behavior is not consistent with the data. Nonetheless, model simulations look similar if T
alternatively assume that school quality changes are proportional to percentage changes in classroom
size.

I assume that the number of schools in the market is fixed in the short run. This assumption is
supported by the fact that there is no significant change in Chilean school entry/exit in response to
aggregate income shocks in the empirical application (see the discussion in Section 6.1).

12
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of prices:

max,[1(p, ¢(p, s)) (6)

Here, equilibrium enrollment ¢*(p, s) is determined by parental demand for a school
with baseline quality s 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 ¢* parents are
willing to pay p* for their children to attend a school with quality s(s,¢*).*

Based on the first order condition from the school’s profit maximization and the ex-
pressions for demand and expected willingness to pay of parents, 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 — [U—i-c—i-ozTV*%*] —0 (1)
q¢ — /ﬁ L'i(s|la,v,p*,s")N f(v)dv =0 (8)

. " L;(s|a,v,p*, s%) B
v /v Uff Fj(§|a,v,p*,8*)f(v)dvf(v>dv - 9

Here, p*, ¢*,and V* represent equilibrium prices, enrollment, and expected willingness
to pay of parents whose children attend school j, respectively.

Finally, I apply the implicit function theorem to find expressions for % and %.
These expressions are derived and presented in the Mathematical Appendix, but they are
algebraically complex and provide little intuition regarding the sign or magnitude of price
and enrollment impacts. This intractability is a consequence of the fact that all schools
adjust prices in response to a change in a.. As a result, a school’s own price setting decision
must take into account the full set of price changes undertaken by other schools in the

market. To simplify the problem, I simulate equilibrium price and enrollment changes

in a market with one public school, one private school, and 45 students (the maximum

14 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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classroom size permitted by law). In this market, the public school has a fixed price
equal to marginal cost, while the private school adjusts price and enrollment to maximize
profits. The private school is assumed to have a baseline quality that is equal to two
times the baseline quality of the public school. I present simulation results averaged over
50 replications.

In Figure 1, the blue-shaded region characterizes the set of parameter values at which
rising aggregate demand leads to a price increase and a decline in enrollment at the private
school. The simulations reveal that the model can produce a private school price increase
and enrollment decline for a range of values of the classroom size preference parameter (7)
and the horizontal differentiation parameter (o). Notably, the simulations suggest that
both classroom size preferences and horizontal differentiation are necessary to generate
a private school enrollment decline. The region in which the simulation produces an
enrollment decline is primarily characterized by values of the 7 /o ratio close to 0.1. There
are two instances in which simulations do not produce private school enrollment declines.
First, when the ratio 7/0 is sufficiently large (denoted by the yellow region of Figure 1),
the model is unstable as small changes in initial conditions (i.e., the assumed willingness-
to-pay distribution) produce very different equilibrium prices and enrollment levels. This
is a result of the fact that when classroom size preferences are strong and the market is
close to competitive, small changes in class size cause large shifts in enrollment patterns.
Second, in the red-shaded region, private school enrollment increases in equilibrium as
private school price rises. In the upper portion of the graph, strong differentiation and
weak class size preferences prevent students from switching to public school when prices
and class size rise. In the bottom portion of the graph, strong class size preferences and
relatively weak differentiation constrain the magnitude of price and class size increases

such that the net effect on private school enrollment is positive.
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3 Education in Chile

The model highlights the possibility that the structure of education markets could lead
changes in market conditions to have unanticipated impacts 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 schools’
price-setting behavior and the implications for students’ enrollment decisions and aca-
demic performance because 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 (1) significantly reduced government
funding for education, (2) decentralized educational decision-making to the local (munic-
ipal) level, (3) relaxed curriculum standards, (4) revoked teacher union contracts, and
(5) established a system of school voucher funding 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). At the time that the reform was enacted, private
schools had only a 22% market share in Chile (Gallego, 2013).

At present, 50% of students in grades one through twelve attend private (voucher)
schools, 43% attend public schools, and 7% attend unsubsidized private schools.'® Under
the voucher system, all public primary schools are free, and all public secondary schools
can charge at most $7 USD per month.'® In contrast, primary and secondary voucher
schools are permitted to charge a “top-up” that is up to three times the annual voucher
amount. Voucher values are determined by grade level and length of school instruction

(full- or half-day), with the voucher value in secondary school depending additionally on

15

Students attending unsubsidized private schools are excluded from the analysis because the gov-
ernment does not maintain data on prices charged by these schools, and because 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 popu-
lation than either public or private voucher schools. Other research on the Chilean voucher system,
including Urquiola and Verhoogen (2009) and Gallego (2013), also excludes unsubsidized private
schools from the analysis. Using enrollment data, I have confirmed that unsubsidized private school
enrollment does not increase in response to observed declines in enrollment at elite private voucher
schools.

16 Mizala and Urquiola (2013) notes that few public secondary schools charge any fee in practice.
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whether a student is studying in the vocational or college-preparatory track.!” In 2011,
the average voucher value was $110 USD, and the average “top-up” charged was $34 USD.
Officially, private schools can selectively admit students while public schools that are not
“at capacity” 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.

Most private voucher schools in Chile are profit-maximizing. Indeed, Elacqua (2009)
finds that over 75% of Chilean private voucher schools are for-profit, and Urquiola and
Verhoogen (2009) notes that even those schools that are officially not-for-profit can dis-
tribute 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 primary schools within 2.5km, 5km, and 10km of a municipality center is 3,
4, and 9, respectively. Additionally, the median primary school student travels only 2.5
km to school (based on the population centroid of his or her home municipality). Conse-
quently, it appears that most students choose from a small number of schools. Moreover,
while there is limited governmental regulation of school openings, private school supply
may be constrained by reputational factors (Gallego, 2013), and the expansion of existing
schools is constrained, at least in the short run, by the capacity of the school’s physical
plant.

In Chile, school switching, which represents an important outcome in the analysis, is
relatively common: 17% of students switch schools each year, including 12% of students
not entering ninth grade. While students are free to attend school in any municipality,
high cross-municipality commuting times imply that students’ choice set is limited, in

practice, to those schools within their home municipality: 83% of all students, and 88%

17T adjust school prices to reflect differences in voucher values arising from grade level and type of

secondary school track. However, I do not account for differences in voucher values determined by
whether a school provides full- or half-day instruction as I cannot distinguish instruction schedules
from the data.
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of primary school students, attend school in their home municipality. Previous research,
such as Gallego (2013) and Hsieh and Urquiola (2006), has consequently defined education

markets by municipality borders.

4 Data

4.1 Copper Shocks

My identification strategy requires that I estimate municipality-specific elasticities of in-
come with respect to copper prices. To do so, I collect annual global copper prices (denom-
inated in 1998 USD) from the United States Geological Survey within the Department of
the Interior (U.S. Geological Survey, 2013). Survey data on historical municipality-level
incomes comes from the Chilean National Socio-Economic Survey (CASEN) for which
data is available for the following years: 1990, 1992, 1994, 1996, 1998, 2000, 2003, 2006,
2009, and 2011. The survey provides a repeated cross-section that lists respondents’
municipality of residence. As one of its objectives, the CASEN survey is designed “[t]o
characterize the population according to household income, quality of housing, educa-
tion, participation in the labor market, composition of family income, and other relevant
variables” (Ministry of Social Development, 2013). The CASEN survey is representa-
tive at the national, regional, and, in some cases, municipality level. Previous work,
such as Auguste and Valenzuela (2006), has also used CASEN survey data to construct

municipality-level socioeconomic variables.

4.2 Educational Administrative and Survey Data

Administrative data from the Chilean Ministry of Education provides a roster of all stu-
dents enrolled in Chilean schools in each year from 2002 to 2012. 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
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a measure of academic performance, municipality of residence, and basic demographic
information such as birth date, age, and gender.

In addition to administrative records on Chilean students, I obtained a data file from
the Ministry of Education containing mean school prices for fee-charging private voucher
schools for the years 2004 to 2011.!% The data file also contains prices for a small number
of public schools, which are allowed to charge nominal fees for secondary school students.
For all other public secondary schools, I have assumed that no price is charged in excess
of the school voucher. Given the low maximum price that may be charged by public
secondary schools, measurement error along this margin is unlikely to significantly affect
the results.

The Chilean Ministry of Education also releases annual test score data. Prior to 2006,
the 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. After 2006, they tested fourth graders annually and eight and tenth graders
biennially, rotating between the two. According to the Ministry, the test is designed to
improve educational outcomes by providing an external measure of students’ mastery of
the curriculum (Agency of Education Quality, 2013). In the analysis, I average student
scores on the language and math components of the exam and normalize scores at the
grade-year level.!? For each cohort that takes the SIMCE, the Ministry of Education
also collects detailed survey data from teachers and parents. The data collected from
teachers includes proxies for school quality, such as teacher training, teacher experience,
and classroom technology use. The survey of parents provides information on household
demographic characteristics, such as household size, approximate household income, and
parental education. This measure of parental education plays a central role in the student-

level heterogeneity analysis detailed in Section 7.

18 This data file contains prices charged by 65% of private voucher schools which serve 80% of voucher

school students. Based on the literature (see, for instance, Mizala and Urquiola, 2013), it appears
that virtually all of the missing schools do not charge fees. School-level estimates are robust to
setting the fee equal to zero for these schools and including them in the analysis.

Analysis is limited to the language and math components because these are the only subject scores
that are available for each year and grade.
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5 Identification Strategy

This research examines how private school price and enrollment responses to aggregate
income shocks can shed light on demand behavior and supply response in the Chilean
voucher market. To generate aggregate income shocks, I rely on cross-sectional variation
in municipality-specific elasticities of income with respect to copper prices in combina-
tion with time-series variation in global copper prices. The preferred income measure
is referred to in the CASEN survey as “autonomous income” and includes employment
income, non-employment income, and government transfers associated with individual
work history, but excludes other government transfers. This measure has been used in
previous research aimed at characterizing the distribution of income in Chile (see, for in-
stance, Solimano and Torche, 2008) and has the advantage of being available in all survey
years.?’ The sample included for the calculation of municipality-specific income statistics
is all respondents aged 18-65. To construct municipality-specific elasticities, I estimate

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

Ymt:am+6m*Pt+€mt (10)

In this equation, Y,,; represents log mean earnings in municipality m in year ¢, and P,
is the log of the world copper price in year ¢, denominated in 1998 USD. f,, 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. Consequently, the sample is restricted to the 270 of 346 Chilean municipalities
that appear in at least three rounds of the CASEN survey between the years 1990 and

2000.2! Excluded municipalities are, in general, either smaller than covered municipalities

20
21

Results look very similar if a measure of employment income alone is used instead.

Bm is just identified with two observations. However, the 20 municipalities with only two observa-
tions are excluded because estimated elasticities for these municipalities are very noisy compared to
elasticities estimated based on 3+ observations. Appendix Table 1 confirms that results are robust
to estimating elasticities at the regional level, in which case data is available for all regions in all
years.
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or are too new to have been covered in a sufficient number of survey years.

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 geographical 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 north-south extremes of the country. While the constructed
municipality-specific coefficients are only important in relative terms since year fixed
effects and municipality fixed effects are included in all subsequent specifications, it may
initially seem counterintuitive that the mean municipality-level coefficient is negative-
valued. The 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.?? Consequently, as global copper
prices rise, export-oriented industries suffer. The fact that Chilean exports represent
34% of gross domestic product (compared to, for example, 20% in Argentina) makes
the relationship between copper prices and export industry competitiveness particularly
salient (World Bank, 2013). Indeed, in the past two years, as copper prices have risen
dramatically, exporters concerned about currency appreciation have advocated for capital
controls and the Chilean government has invested $12 billion in a program aimed at
weakening the currency (Pica and Wisnefski, 2012).

To provide additional evidence that currency appreciation drives the negative income
responses to copper price increases calculated for most municipalities, I estimate industry-
specific elasticities of income with respect to copper prices using CASEN labor force survey
data. The four industries with the negative elasticities largest in magnitude are: timber
extraction (-4.5), restaurants (-3.4), construction (-3.3), and “large-scale businesses” (-
2.2). The industries with the most positive elasticities are: communications (1.0), public
instruction (1.0), garments (2.5), and non-ferrous metals (3.7). It is unsurprising that

the non-ferrous metals elasticity is largest in magnitude as this category includes copper

22 See Figure 3 for the time-series plots of copper prices and the exchange rate.
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production. More generally, the set of industries with negative elasticities is primarily
export-oriented or tourism-related (wood products are Chile’s second largest export after
copper).?® In contrast, industries with positive elasticities (other than copper) appear
to be more domestically-focused. When I estimate the cross-sectional correlation be-
tween regional elasticities and regional industry shares, shares of the following industries
are positively correlated with local elasticities: agriculture, public administration, and
electricity /gas/water.?* Finance, manufacturing, housing, business, and hotel /restaurant
shares are negatively correlated with regional elasticities, while mining is positively cor-
related with regional elasticities in copper-producing regions and negatively correlated in
regions that do not produce copper. These correlations are again consistent with the hy-
pothesis that negative income responses to copper price increases are caused by reduced
export competitiveness. Indeed, the value of regional exports relative to total regional
economic activity negatively predicts regional elasticities in non-copper producing regions,
while the relationship is positive in those regions that produce copper.

Given that the municipality-specific elasticities are only important in relative terms, I
normalize the coefficients to have a mean of zero and a standard deviation equal to one.
Then, I define the normalized copper shock C),; assigned to municipality m in year t as
being equal to this normalized municipality-specific coefficient /3, multiplied by P, the
log of the global copper price in year ¢ (denominated in 1998 USD). For the purposes of
exposition, an increase in C),; is referred to in the remainder of the paper as a “positive
copper shock.”

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 2003, 2006, 2009, and 2011:

You=a+ 8% Cpp + Y + At + €t (11)

23
24

For a ranking of Chilean exports, see Chilean Customs (2013).

As noted, Appendix Table 1 shows that reduced-form estimates generated using regional copper
shocks are consistent with estimates from the benchmark specification that identifies impacts using
municipality-level variation.
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In this equation, 7, and \; represent municipality and year fixed effects, respectively. In
this and in all subsequent specifications, standard errors are clustered at the municipal-
ity level and calculated by bootstrapping the two-step procedure in which municipality-
specific elasticities are first estimated (based on Equation 10) and then included in the
set of regressors in a second specification (such as Equation 11).

Table 1 provides evidence that the copper shocks constructed using historical data
on incomes and copper prices have a significant impact on household incomes during the
period for which educational data is available. Column (1) implies that a one standard
deviation positive copper shock is associated with a 2.9% increase in the mean income of
municipality residents, and the estimate is statistically significant at the 1% confidence
level.? Columns (2)-(6) estimate the impact of positive copper shocks on income deciles
by replacing the log mean income dependent variable with dependent variables measur-
ing the logs of the 50th through 90th percentiles of the earnings distribution.?¢ While
estimates differ somewhat across columns, there is no evidence of a monotonic relation-
ship between income decile and estimated copper shock impact that might explain the
evidence of heterogeneity in school choice impacts based on family background that is

detailed in Section 7.

6 School Prices and Enrollment

6.1 Panel Estimates

When aggregate private school demand rises with aggregate income, equilibrium private

school prices and enrollment must adjust in order for the market to clear. As outlined in

25 In terms of interpretation, a one standard deviation positive copper shock implies that copper prices

double in a municipality that is at the 85th percentile in the distribution of elasticities. This makes
clear that a positive copper shock of even one standard deviation 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.

Below the 40th percentile of the earnings distribution, a significant share of municipalities have
income measures that are always equal to zero and so sample selection issues emerge. Using a Poisson
QMLE specification to account for zero-valued observations, I confirm that estimated impacts at the
40th percentile look comparable to 50th percentile estimates.
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Section 2, the enrollment response to a change in aggregate income is ambiguous. This
section estimates both price and enrollment relationships. The benchmark specification

used to estimate average school-level price impacts is the following:

Psmt:a—i_ﬁ*cmt_'_f)/s—i_)\t_‘_esmt (12>

Py is the log mean total price charged by school s in municipality m in year ¢. 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 voucher value received by school s in year t.2” The remaining
variables are as defined in Equation 11, except that municipality fixed effects are subsumed
by school fixed effects, v,.2

Since public school prices are determined by voucher values, they should not respond
to changes in aggregate income. The following specification incorporates this feature of
the market by allowing aggregate income shocks to differentially affect public and private

school prices:

Psmt:O‘—i_ﬁl*Cmt+52*cmt*‘/vs+fys+)\t+€smt (13)

Here, V is an indicator variable equal to one for private voucher schools. While this
specification allows price changes to depend on whether a school is public or private,
it does not allow for price changes to vary heterogeneously within the private school
sector. 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 P;, which is equal

27 Survey evidence suggests that within-cohort price discrimination based on student characteristics

is limited in Chilean private schools. Consequently, in analyzing school price responses to shifting
willingness to pay, school-level specifications are appropriate.

Although a small number of schools switch municipalities during the relevant years, all schools
are assigned to the municipality in which they are located at baseline to eliminate concerns about
endogenous relocation.
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to one if the tuition charged at baseline (in 2004, the first year for which price data is
available) by school s falls into quintile ¢ within municipality m.2° Then, I estimate the

following specification:

5

Psmt:CY+51*Cmt+25q*Cmt*Psq‘i"Ys‘i‘)\t"i‘ﬁsmt (14)

q=2

In each municipality, quintile one roughly corresponds to public schools and quintiles two
through five to the four quartiles of the private school distribution. There are an average
of 24 schools per municipality in the sample and quintiles are defined so that cutoffs do not
separate schools charging the same price within a single municipality.>® Research on the
Chilean education sector suggests that private voucher school quality is, on average, higher
than public school quality.3! Within the private school sector, price is highly positively
correlated with measures of perceived school quality, such as average test scores and
students’ average household income. As a result, estimates of impact heterogeneity based
on baseline school price can be readily interpreted as reflecting heterogeneity in impacts

based on baseline school quality.3?

29 In practice, 92.9% of schools in the sample appeared in 2004 and results are robust to including

only these schools or assigning the remaining schools to a baseline price quintile based on the price
charged in the first year in which they were in operation.

Appendix Figure 1 plots the distribution of prices by baseline school price quintile for a sample year
(2006).

In a meta-analysis, Drago and Paredes (2011) concludes that private school test scores are approx-
imately one-tenth of a standard deviation higher than public school scores conditional on student
characteristics.

In Appendix Table 2, I estimate the following specification to provide evidence that this is the case:

30

31
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Psgmt =a+ 5 * ngmt + Vsg + A+ €Esgmt (15)

where Pyg, is the log price for grade level g in school s in municipality m in year t (defined as the
log of the sum of the average school price and the grade-specific voucher value) and ~,4 represent
school-grade fixed effects. This equation is estimated at the grade four level, as SIMCE data is
most frequently available for grade four students. X,gm: represent fourth grade-specific quality
measures: mean test scores, mean parental education of classmates, mean log household income
of classmates, whether classmates’ parents expect them to graduate from college, average years of
teacher experience, fraction of certified teachers, fraction of teachers with graduate degrees, and the
fraction of teachers that frequently use computers for work. In Appendix Table 2, I also estimate the
cross-sectional correlation between these characteristics and school prices. Coefficients on student
test scores, mean parental education of classmates, mean log household income of classmates, and
whether classmates’ parents expect them to graduate from college are positive across specifications
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Column (1) of Table 2 estimates Equation 12 and indicates that a one standard devia-
tion positive copper shock causes an average price increase of 0.42% (significant at the 1%
confidence level). Column (2) estimates Equation 13 and reveals that this small aggregate
price change masks a significantly larger 2.74% increase in private school prices. The level
term coefficient estimated in Column (2) is not statistically different from zero, reflecting
the fact that public school prices do not change in response to copper shocks. Column (3)
estimates Equation 14 and interaction term coefficients provide evidence that there is sub-
stantial heterogeneity in school price impacts based on baseline school price/quality. The
coefficients on the interactions between the copper shock measure and price quintiles two
and three are small in magnitude. In contrast, the coefficients on the interaction terms
for quintiles four and five imply that a one standard deviation positive copper shock leads
to a 2.24% increase in private school prices in the fourth quintile of schools and a 4.21%
increase in prices in the fifth quintile. These findings indicate that the average private
school price impacts identified in Column (2) are driven almost entirely by private schools
in the upper half of the baseline price distribution.

Columns (4)-(6) of Table 2 re-estimate Equations 12-14, but replace the dependent
variable Pi,,; with E,,;, a measure of enrollment in school s in municipality m in year
t. Enrollment data is available for the full universe of public and private schools and
for a number of years for which school price data is not available. Nonetheless, for the
sake of comparability, the school-level sample is restricted to include only those school-
year observations for which price data is available. Column (4) estimates mean school-
level enrollment impacts and reveals that there is a small but statistically significant
increase in average enrollment in response to a positive copper shock (the coefficient of
6.4 is equivalent to a 1.8% enrollment increase). Column (5) reveals that small average
enrollment increases mask large enrollment declines in private schools and large increases
in public school enrollment. Estimates suggest that average private school enrollment falls

by 34.1 students (5.8%) per school and public school enrollment rises by 14.4 students

and are significant at the 1% level in most cases.
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(5.6%) per school in response to a one standard deviation positive copper shock.?3 Column
(6) indicates that evidence of price impact heterogeneity is matched by heterogeneous
changes in average enrollment. The level term in Column (6) implies that enrollment in
quintile one schools rises by 12.9 students (5.2%) per school in response to a one standard
deviation positive copper shock. Interaction terms for school price quintiles two and
three are positive but not statistically significant, implying that the enrollment impacts
in these schools are statistically indistinguishable from those estimated for public schools.
In contrast, coefficients on the interaction terms for quintiles four and five are negative
and statistically significant. These coefficients indicate that enrollment declines by 26.4
students (4.2%) per school in quintile four schools and by 55.8 students (9.4%) per school
in quintile five schools.

Table 2 provides evidence that positive copper shocks cause private school prices to
rise and enrollments to fall, with the magnitude of impacts increasing in baseline school
price. These estimates reflect (scaled) measures of the causal impacts of changes in ag-
gregate income to the extent that copper shocks only affect local educational markets
through their impact on aggregate income conditional on year and municipality fixed
effects.?* Even if this exclusion restriction were to be satisfied, however, there are mul-
tiple mechanisms that may drive the link between aggregate income and school prices
and enrollment levels. In order to gauge the extent to which rising aggregate income
impacts school prices by shifting aggregate demand, I investigate the relative importance
of alternative channels other than the demand for school quality that I have emphasized
here. Seemingly, the most relevant alternative explanation for the link between aggregate
income and school prices and enrollment levels is that rising aggregate income affects
funding for public schools and so affects quality of and demand for public schools. Pre-

vious research indicates, however, that municipal tax revenues do not significantly affect

33 The average private school enrollment is 587 students while the average public school enrollment is

only 258 students.
Technically, if this exclusion restriction is satisfied, then the causal impact of rising aggregate income
can be identified based on split-sample instrumental variables estimates in which the reduced form
is obtained using administrative educational data and the first stage is estimated with CASEN labor
force survey data.
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local educational expenditures in Chile (Auguste and Valenzuela, 2006). Consequently,
changes in public school funding in response to copper shocks would likely come from
national government sources. While vouchers are the primary mechanism through which
central government funds are distributed, voucher values are determined nationally. The
most important remaining source of local education funding to consider is the National
Fund for Regional Development (FNDR), which distributes funds to select municipalities
in order to increase their public school revenues. Appendix Table 3 provides evidence
that FNDR funding is uncorrelated with municipality-specific copper shocks.

Rising aggregate income may also affect school prices and enrollment levels by changing
the marginal cost curves that schools face. The largest component of a school’s marginal
cost is teacher incomes. In Appendix Table 4, I test for teacher income changes in response
to positive copper shocks when the data is aggregated up to the regional level. I find
that teacher incomes do not change significantly in response to positive copper shocks
(coefficients are negative and I can rule out economically significant increases in teacher
incomes).>® While teacher income changes cannot be estimated at the school level based on
available data, Appendix Table 5 reveals that average teacher experience and the school-
level share of certified teachers do not change in response to the aggregate income shock.
These characteristics are correlated with teacher incomes, and so these findings provide
additional evidence that schools’ cost curves are not changing significantly in response
to aggregate income changes. Appendix Table 6 confirms that rental incomes also do
not change dramatically in response to positive copper shocks (estimates are marginally
significant and smaller in magnitude than estimated average changes in total income).
This finding implies that schools’ marginal costs are also not significantly affected by
changes in the rental prices they face.

A remaining concern is that price and enrollment impacts estimated by including

only those schools in operation in a given year may suffer from selection issues if rising

35 This analysis is conducted at the regional level given that there are relatively few teachers observed in
the CASEN survey data and so municipality-level estimates are quite noisy. As shown in Appendix
Table 1, price and enrollment results are robust to estimating income elasticities at the regional

level.
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aggregate income induces changes in the number of schools in operation in particular
municipalities. To assuage this concern, I show in Appendix Table 7 that positive copper
shocks do not have a statistically significant impact on the number of schools in operation
in a given municipality.3°

Table 2 price and enrollment results imply that elite private voucher schools experience
revenue losses in response to the aggregate income shock. For these schools’” price and
enrollment adjustments to be profitable, it must then be the case that reductions in
school costs are larger. Case study evidence suggests that personnel costs constitute 87%
of total non-capital costs in Chilean schools, and so changes in contracted teacher hours
are the key determinant of whether schools can reduce costs in the short run (Ugarte
and Williamson, 2012). In Appendix Table 8, Table 2 specifications are re-estimated for
dependent variables that measure the total number of teacher contract hours per week at a
given school and the total number of teachers employed at that school. The results imply
that private schools reduce contracted hours by 57.1, on average. These reductions are
driven by quintile four and five schools, which decrease contracted hours by 66.5 (8.0%)
and 67.6 (8.0%), respectively. On average, private schools decrease the number of teachers
employed by 1.6, while private schools in baseline price quintiles four and five reduce the
number of employed teachers by 1.9 and 1.7, respectively. In contrast, the average public
school increases the number of teachers employed by 0.4. Given that the average teacher
contract is for 32 hours, these results indicate that private school cost reductions are
explained primarily by reductions in the number of teachers in a school rather than in the
number of contracted hours per teacher.?” Under reasonable assumptions, the magnitude
of estimated cost savings in elite private voucher schools implies that school profits are

indeed increasing in response to the aggregate income shock.3®

36 T present results in both levels and logs and for the full sample as well as public school and private

school subsamples. All estimates are statistically insignificant. In all specifications, lagged values
of the dependent variable are included as controls to deal with spurious correlation driven by non-
stationarity.

Survey evidence suggests that teaching staff reductions are largest in non-core disciplines, such as
art, music, and physical education.

Private schools in baseline price quintiles four and five reduce revenues by 2.1% and 5.6%, re-
spectively. However, personnel costs are estimated to fall by 8.0% for both sets of schools. If

37
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6.2 Additional Robustness Checks

Tables 3 and 4 present results from a series of specifications that test the robustness of
price and enrollment estimates to alternative definitions of the aggregate income shock,
the sample of schools, and the unit of analysis. Columns (1)-(6) of Table 3 re-estimate the
specifications from Table 2, but replace the copper shock measure C,,; with an average
shock that is calculated as follows: First, Equation 10 is re-estimated separately using
lagged copper values and twice-lagged copper values. Then, the average shock measure is
constructed as the average of the current year and two lagged coefficients multiplied by
the corresponding current and lagged copper prices. In practice, estimates in Columns
(1)-(6) of Table 3 closely resemble Table 2 estimates (Table 3 estimates are slightly larger
in magnitude). This suggests that overall price and enrollment impacts are relatively
stable across specifications that vary in the time frame over which copper price changes
are permitted to induce changes in local school prices and enrollment levels.

Columns (1) and (2) of Table 4 re-estimate Equations 12 and 13, but restrict the
sample to exclude the Santiago metropolitan region. These specifications are presented
in order to confirm that results are not driven by the country’s capital (and largest city),
where population density is high and so competition may be strongest. Coeflicients are
somewhat smaller in magnitude but remain highly significant here and in Columns (3)
and (4), which replace price with enrollment as the dependent variable. Column (5)
returns to the full sample and confirms that school-level enrollment impacts are robust
to the inclusion of a control for the total number of enrolled students in municipality m
in year t. Columns (6)-(8) of Table 4 estimate enrollment impacts at the municipality
level to confirm that school-level estimates scale up to reflect significant changes in the
municipality-level share of students attending public school. The specification employed

is the following:

Epit=a+ B Chpp+vm + M+ € (16)

non-personnel costs fall by a similar percentage, then profits in quintile four and five schools rise if
markups are lower than 281% and 43%, respectively.
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Here, F,,; is an enrollment measure reflecting either the total number of enrolled students
or the number of students enrolled in public schools in municipality m in year t. The
remaining variables are as defined in Equation 11. In Column (6), the dependent variable
is the total number of enrolled students in municipality m in year t. The reported estimate
suggests that the impact of positive copper shocks on total enrollment is not statistically
significant (although the magnitude of the coefficient is consistent with the average school-
level enrollment increase estimated in Column (4) of Table 2). In Columns (7) and (8),
the dependent variable is the number of students enrolled in public schools in municipality
m in year t. The estimated coefficients reflect an increase in public school enrollment of
5.1 to 6.3%.

Finally, as a falsification exercise, Appendix Table 9 re-estimates Equation 12 with the
full sample of private schools, but adds a series of lead terms (Cy, ¢41, Cinti2, Cimty3, and
Cint+4) to test whether future copper shocks are correlated with current school prices.
None of the lead term coefficients presented in the table are statistically significant or

large in magnitude.®”

7 School Switching and Test Scores

7.1 School Switching Patterns

The evidence on average enrollment impacts reveals that aggregate income shocks induce
movement from high-cost private schools to low-cost private schools and public schools.
However, these results only tell half of the story. While rates of elite private school

attendance at baseline are rising in students’ socioeconomic status, the marginal students

39 When both public and private schools are included in the sample, a subset of the C 141 coeflicients

are statistically significant. This is explained by the fact that the year fixed effects estimated in
the public school only subsample are increasing in magnitude over time faster than the year fixed
effects estimated in the private school only subsample. Consequently, when lead term coefficients
are estimated in a pooled sample with a single set of year fixed effects, the year fixed effects take
on intermediate values, and this generates a spurious correlation between school prices and future
copper prices (which are increasing over time in expectation). Estimating specifications separately
for public and private schools, or including separate year fixed effects for public and private schools
in a pooled specification, returns statistically insignificant coefficients.
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who move from elite private schools to public schools and low-quality private schools need
not be representative of their classmates. To the extent that policymakers are concerned
about inequality of educational opportunities, identifying what the characteristics of these
marginal students tell us about changes in social stratification is of particular policy
relevance.

To characterize those students most affected by positive copper shocks, 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 parental education, which has the advantage of being both time-invariant and
highly correlated with other measures of student socioeconomic status such as household
income.* Given that the distribution of educational attainment varies across regions of
Chile and across time, I define parental education quartiles within municipality-year cells,

41

with higher quartiles reflecting higher parental education.*® To identify heterogeneous

impacts based on parental education, I estimate the following specification:

4
Yiemt :04+51*Cmt+25k*0mt*Xik
\ h=2 (17)
+ > Ok % Xik + Y + M+ €t
k=2
Here, Y4, reflects the outcome of interest for student ¢ who attends school s and
resides in municipality m in year t.*? X, is an indicator for whether student i is in

within-municipality parental education quartile k.

40 To construct the parental education measure, I take the mean of father’s education and mother’s

education. I exclude respondents for whom one or both of these data points is missing. Results are
robust to using only mother’s education rather than average parental education.

Since parental education is only recorded in a subset of grade levels, I calculate the parental education
quartile for the first year in which parental education is observed for a given student. Then, I assign
this value to all observations for that student.

One important distinction between the school-level and student-level specifications is that the munic-
ipality corresponding to each observation in the student-level specifications reflects the municipality
in which the students lives in the first year in which he appears in the administrative records.
Consequently, the structure of fixed effects is complicated by the fact that school fixed effects no
longer subsume municipality fixed effects. This distinction will be discussed in more depth in the
subsequent analysis of student test score impacts.
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Column (1) of Table 5 uses the specification outlined in Equation 17 to estimate the
impact of positive copper shocks on the baseline school price quintile of the school that
a student attends. Here, estimates indicate that students in parental education quartiles
two and three experience the largest relative decreases in school quality, while students in
quartile four experience smaller but still statistically significant relative declines.** Since
middle and high parental education students attend more elite schools at baseline, these
estimates may be explained by the fact that these students are simply more likely to end
up in worse schools because they are more likely to be at the margin of attending schools
that raise their prices significantly. To estimate average changes in school quality in year
t conditional on being exposed to the same price increase, Column (2) adds lagged school
by municipality fixed effects to the specification estimated in Column (1). These fixed
effects are defined such that, for an observation in year ¢ for individual 7, a fixed effect is
included for the school that individual ¢ attended in year ¢ — 1 in combination with the
municipality in which individual 7 lived in year ¢t — 1. In Column (2), the interaction terms
for parental education quartiles two and three remain negative and statistically significant
but are only 10% as large as Column (1) estimates, while the interaction term for quartile
four is no longer statistically significant and is even smaller in magnitude (only 2% of
the size of the corresponding Column (1) coefficient). These estimates suggest that the
larger average price increases that middle parental education students face (relative to
low parental education students) explain nearly all of their differential reduction in school

quality.** In sum, middle parental education students are most affected by copper shocks

43 T cannot reject that the sum of the coefficient on the positive copper shock level term plus any one of

these interaction coefficients is equal to zero since the coefficient on the level term is positive but not
statistically significant. Notably, the coefficients on the quartile indicator variables are all statistically
significant at the 1% confidence level and are large in magnitude relative to the interaction terms.
These coefficients imply that the average baseline price quintile of schools attended increases by 0.49,
0.53, and 0.70 with each additional one-point increase in parental education quartile. Consequently,
even though Column (1) estimates suggest some degree of compression in the quality of schools
attended by students from higher parental education quartiles relative to peers in the lowest parental
education quartile, the magnitude of this compression is small. For instance, the implied decline in
the school quality gap between quartile one students and quartile two students represents only 2.4%
of the gap at baseline, while the decline between quartile one students and quartile four students
represents a mere 0.6% of the baseline gap.

Nonetheless, interaction coefficients remain negative in Column (2). This likely reflects the fact
that, even conditional on attending the same school in year ¢ — 1, higher parental education quartile
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because high parental education students are more willing to pay to attend elite schools
even when tuitions rise, while low parental education students did not consider attending
elite private schools in the first place.

Observed declines in school quality can be driven by either an increase in school
“downgrading” or a decrease in school “upgrading,” where downgrading is defined by
whether a student attends a school in year ¢ that has a lower baseline price quintile
measure than the school she attended in year t — 1 and upgrading is defined by whether
a student attends a school in year ¢ that has a higher baseline price quintile measure
than the school she attended in year t — 1. Columns (3) and (4) of Table 5 examine the
impacts of positive copper shocks on indicator variables for whether a student upgrades
and downgrades, respectively. Estimates imply that reductions in school quality are driven
by a combination of reduced upgrading and increased downgrading (although estimated
reductions in upgrading are somewhat larger in magnitude).

The fact that increased enrollment in public and low-cost private schools is driven by
middle parental education students suggests that these same students will likely expe-
rience the largest relative declines in peer quality. To measure changes in peer quality
and social stratification, I focus on changes in school-level mean parental education. Col-
umn (5) of Table 5 estimates Equation 17 and reveals that middle parental education
students do indeed experience significant relative declines in school-level mean parental
education. However, estimates also reveal that all subgroups experience overall increases
in this measure. Column (6) re-estimates Equation 14 using mean parental education
as the dependent variable, and the results reveal that all students experience an average
increase in peer quality because all segments of the market experience non-decreasing av-
erage parental education (with parental education rising significantly in quintiles four and

five).¥ Estimated impacts on school-level mean parental education suggest that changes

students are ex-ante more likely to attend higher baseline price schools in year ¢t and so there is a
greater margin for reducing school quality.

The possibility of a positive overall effect on mean parental education may initially appear puzzling
given that the overall distribution of parental educational attainment is not shifting in response
to positive copper shocks experienced by municipalities. However, an increase in mean parental
educational attainment can be rationalized by strong ex-ante sorting across schools based on parental
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in social stratification are small relative to average increases in peer quality in response
to rising aggregate income. However, the fact that school quality is rising in peer quality
but falling in classroom size suggests that school quality may nonetheless be falling in a

subset of schools.

7.2 Test Scores

Understanding the relationship between changing enrollment patterns and academic per-
formance in this environment has important implications for how we think about the
welfare gains associated with aggregate income shocks in the presence of large-scale pri-
vate school markets. I focus on student SIMCE test scores as a measure of educational
achievement. SIMCE test scores have been used in many previous studies of the Chilean
voucher system, including Hsieh and Urquiola (2006) and Gallego (2013). In the analysis,
test scores are normalized so that the mean score is zero and the standard deviation is
one within a particular grade level in a given year.

Column (1) of Table 6 estimates the overall impact of a positive copper shock on test

scores using the following student-level specification:

ﬂsmt:a+6*0mt+’7m+)\t (18)

Here, T;,,,; is the normalized SIMCE score of student ¢ who lives in municipality m and
attends school s in year ¢t. Column (1) estimates reveal that a positive copper shock
increases average test scores in a municipality by 0.020 standard deviations. Column
(2) examines whether test score impacts vary across parental education quartiles by re-
estimating Equation 17 with normalized test scores as the dependent variable. Column

(2) estimates reveal that test score gains are largest for students from the lowest and

education in combination with higher rates of school downgrading by those who would have been at
the bottom of the parental education distribution within their counterfactual schools. As a simplified
example, suppose that school A is composed half of students from parental education quartile one
and half from quartile two, while school B is composed half of students from quartile three and half
from quartile four. Then, if all school downgrading that occurs is driven by quartile three students
moving from school B to school A, mean parental educational attainment in both schools will rise.
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highest parental education quartiles. While impacts remain positive for all subgroups,
the magnitude of test score increases is approximately 20% lower for students in parental
education quartiles two and three relative to quartile one students. Students in parental
education quartile four also experience (smaller) marginally significant test score declines
relative to quartile one students.

To the extent that non-tuition spending rises in response to positive copper shocks, the
results presented in Columns (1)-(2) reveal the combined impact of an increase in willing-
ness to pay for schooling and an increase in household resources available for non-tuition
expenditures, such as tutoring or even food, which may positively impact test scores. Con-
sequently, the initial finding of larger test score gains for low and high parental education
students could be entirely explained by differential changes in non-tuition expenditures for
these subgroups, by changes in the schools that students attend, or by some combination
of these two channels.*6

To disentangle these two possible explanations for differential test score gains, I return
to the specification from Column (2) of Table 5 that adds lagged school by municipality
fixed effects. Estimates, presented in Column (3) of Table 6, provide evidence that the
impact of positive copper shocks on school choice drives the differential test score gains
that are estimated in Column (2) of that table. The coefficient on the positive copper
shock level term of 0.025 is statistically significant at the 1% confidence level and similar
in magnitude to the corresponding coefficient in Column (2). However, the coefficient on
the parental education quartile two interaction term is no longer statistically significant,
while the interaction terms for quartiles three and four are now positive and statistically
significant at the 10% and 5% levels, respectively. Column (4) replaces lagged school by
municipality fixed effects with school by municipality fixed effects for the school attended
in year ¢t and estimated coefficients are similar.

The school that an individual attends is presumably correlated with unobservable

46 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 per-
formance. If non-tuition expenditures or behavioral changes were the primary explanation, however,
there would have to be some underlying non-monotonicity in order to explain the larger impacts at
the top and bottom of the parental education distribution.
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characteristics, such as academic motivation, and this implies that estimates in Columns
(3) and (4) cannot be interpreted as revealing the purely causal impact of copper shocks
on test scores that is independent of school choice. However, it is difficult to reconcile
these findings with the hypothesis that larger test score gains for low and high parental
education students are driven primarily by differential returns to income available for ex-
penditures other than school costs.*” At the extreme, if smaller gains for middle parental
education students are driven entirely by those who attend worse schools as a consequence
of rising aggregate income, then the implied change in test scores for these downgraded
students is equal to negative 0.22 standard deviations.*® This decline in academic perfor-
mance dwarfs in magnitude the average gains experienced by those students who do not
downgrade. Although I cannot isolate the subpopulation of students induced to down-
grade by the copper shock, I calculate that downgrading is associated with an average
test score decline of 0.15 standard deviations within the full population. This figure is
similar in magnitude to the decline imputed for students induced to downgrade by the
copper shock and provides additional support for the assertion that relative test score
declines for middle parental education students are driven primarily by those students

who downgrade.

47 Appendix Table 10 confirms that evaluations of teacher performance do not change in response

to aggregate income shocks. This suggests that changes in teacher effort also do not appear to
play a central role in explaining observed test score changes. To provide additional evidence of
differential effects on academic performance, Appendix Table 11 shows impacts on students’ grade
point averages. Changes in students’ grade point averages mirror estimated test score impacts.
This figure is based on the following calculation: relative to low parental education students, those in
parental education quartiles two and three attend a school that is 0.014 baseline price quintile points
lower than the school they would have attended absent the shock (based on Column (1) of Table
5). Relative to low parental education students, these quartile two and three students experience
a corresponding test score increase in response to a positive copper shock that is 0.0034 standard
deviations smaller. Dividing the second figure by the first, I estimate that a one-point downgrade in
the baseline school price quintile distribution is associated with a 0.24 standard deviation decrease in
test scores. Since this estimated decrease is relative to an average increase of 0.02 standard deviations
for low parental education students, the implied aggregate test score reduction for downgraded
students is 0.22 standard deviations.
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8 Structural Estimation

The model presented in Section 2 suggested that, under certain conditions, the residual
demand curves faced by private school administrators are sufficiently inelastic that their
profit-maximizing response to increased demand for private schooling is to raise prices
so substantially that equilibrium private school enrollment falls. The empirical results
presented in Sections 6 and 7 provide evidence that these market conditions are satisfied
in the Chilean setting and that students’ academic performance and educational oppor-
tunities are significantly affected by private schools’ pricing behavior. In this section, I
estimate an extended version of the model in order to characterize average willingness
to pay for particular school attributes and heterogeneity in willingness to pay for school
attributes based on individual characteristics. Simulated school price and enrollment re-
sponses to rising aggregate income based on these parameter estimates then allow me
to quantify the relative importance of the market power and classroom size preferences
channels outlined in Section 2.

The estimation approach uses both micro and aggregate data in order to produce
parameter values that match schools’ predicted market shares to observed ones. This
approach was introduced in Berry et al. (2004). The algorithm most closely follows
Gallego and Hernando (2009), which first applied the Berry et al. (2004) approach to the
Chilean school choice decision. The equation for household utility that is used to generate
parameter estimates is the following:

4

q.
Ujjp = n—jtﬁzl — pjtPiz + Z Xkt Bie + Nijeos + v + Eje + €ije (19)
Jt k=3

Here, u;;; is the utility of student ¢ who chooses school j at time t. Average classroom

size and price are represented by fﬁ and pj;, respectively. X, are additional observable
J
characteristics k of school j at time ¢, and A;;; is the distance from the center of indi-

vidual 4’s home municipality to school j. «; is a time-invariant school fixed effect and
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&;¢ represents unobservable time-varying school-specific characteristics.*’

€ijt 1s a random
preference shock (error term) that is assumed to have a Type I extreme value distribu-
tion. This expression nests Equation 1 where school quality is expressed as a scalar s and
individuals differ in their willingness to pay for school quality. The utility function here,
however, exploits the availability of panel data in which case time-invariant school fixed
effects are identified and baseline school quality is subsumed into the school fixed effect.

To analyze the conditions under which Equation 19 is identified, it is informative
to characterize heterogeneity in preferences for school attributes based on observable
individual characteristics. In doing so, I follow the notation from Berry et al. (2004)
and rewrite B, as [y + > diy o %0 Here, r indexes individual characteristics and 3¢
captures interactions between observed individual and school characteristics. I can then

decompose Equation 19 into (1) a component characterizing the mean utility associated

with a given school in a particular year (J;;), and (2) a component that captures preference

heterogeneity:
uije = 0j¢ + Z Xjwtdir By + Xijt0 + Z Aijtdir 0y + Eije (20)
kr T
where
dit = > 1 Xjkt/gk + 75 + &t (21)

Equation 21 highlights the fact that §; and &+ cannot be separately identified without
further parametric assumptions. Consequently, I follow the two-step procedure employed
in Berry et al. (2004). The first step estimates the d, 5°, &, and ¢° parameters without
imposing any additional structure on the &;; coefficients. This ensures that ¢, 8°, &, and ¢°
are consistently estimated. The second step of the algorithm requires a set of instruments
Zj; that satisfy the assumption E[{;:|Z;;] = 0 and so allow the B, and &;i coeflicients to
be consistently estimated.

In estimating Equation 19, I include fourth grade students in the Santiago metropoli-

49 For a detailed discussion of the interpretation of parameters in a model with product-specific dummy

variables, see Nevo (2000).

0T can similarly rewrite o; as 5 + Y., d;,0.
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tan region in the years 2006-2009. I choose fourth graders because geographic coordinates
are more widely available for primary schools than for secondary schools. The sample
is restricted to the Santiago metropolitan region in the years 2006-2009 given the com-
putational intensity of the estimation algorithm.?! In addition to average classroom size
and price, the included school characteristics (i.e., the set of X)) are indicators for
whether school j is public or a low-priced private school (in baseline price quintile two
or three). The included individual characteristics (i.e., the set of d;.) are: parental edu-
cation, parental income, imputed income change in response to a positive copper shock,
and whether parents expect their child to graduate from college. The imputed income
response to copper shock measure is constructed as 2.9% of income (the average change in
income estimated in Table 1) multiplied by the copper shock corresponding to a student’s
home municipality in a given year. Heterogeneity in willingness to pay based on this
imputed income shock is a key parameter of interest given the fact that cross-sectional
differences in household income are not exogenous. As a result, changes in preferences
based on cross-sectional income differences may be quite different from the changes in-
duced when an individual experiences an income shock (and it is this within-individual
income variation that is of interest for the simulations). In the analysis, observations are
dropped for students with missing values for any of the individual variables and for schools
with missing SIMCE survey responses (which are used to determine school attributes).
The maximum likelihood approach 1 employ in step one of the algorithm searches
for the 6, 5°, &, and ¢° parameter values that maximize the sum of the predicted log
probability that each student attends the school they attend in practice. Initially, a

guess is chosen for the §°, , and ¢° parameter values. Then, the § that maximizes the

51 This constitutes a subset of the full sample analyzed in Section 6-7. The Santiago metropolitan region

serves 41% of Chilean students and includes 24% of schools and 20% of municipalities. Appendix
Table 12 re-estimates Table 2 specifications for the Santiago metropolitan region subsample. Price
and enrollment impacts are broadly similar to full sample estimates: private school prices increase,
private school enrollments decline, and both price and enrollment impacts are largest at elite private
schools. Initial estimates identify price decreases in public schools in response to copper shocks, but
this is driven entirely by the pooled construction of year fixed effects. Public school price impacts
are insignificant (with a coefficient of 0.001) when I estimate price changes separately for public
and private schools or include separate year fixed effects for public and private schools in a pooled
specification.
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log likelihood function is calculated conditional on the chosen 3°, &, and ¢° values.?
Calculating the maximum achievable log likelihood for each choice of the 5°, ¢, and o°
parameters, the algorithm searches for the 5°, &, and ¢ values that globally maximize the
log likelihood function. The advantage of this procedure over one that jointly searches
for the likelihood-maximizing values of §, 5°, &, and ¢ is that it eases the computa-
tional burden by reducing the dimensionality of the problem (Nevo, 2000). In estimating
parameters, I use a gradient-based algorithm in combination with the Nelder-Mead Sim-
plex method to improve the speed with which likelihood-maximizing parameter values are
found. This gradient-based approach requires that the gradient of the log likelihood func-
tion be calculated explicitly, and I make use of the expressions for the gradient derived in
the Computational Appendix of Gallego and Hernando (2009).

Table 7 presents the likelihood-maximizing 5°, &, and ¢° parameter values along with
estimates of 8; and [3,.%% Coefficients in Table 7 reflect the change in utility associated
with changes in school and individual characteristics. Estimates related to preferences for
reduced classroom size suggest that wealthier and more educated parents actually value
classroom size slightly less than their peers, while those experiencing a positive income
shock increase their valuation of small class size. Higher income parents, better educated
parents, those with high expectations for their children, and those experiencing positive
income shocks all appear to care less about school prices than their peers. This reduced
price sensitivity and increased demand for small class size by households experiencing a
positive income shock will play an important role in determining school price responses
to rising aggregate income in the simulation presented below.

In the second step of the structural estimation algorithm, I use an instrumental vari-
ables approach to deal with the concern that time-varying observable school characteris-

tics (price and average classroom size) may be correlated with time-varying unobservable

52 Berry et al. (1995) proves that one can solve for § recursively based on the equation 6"+! = §" +

111%7 where I'j; are schools’ observed market shares, I';;(5°,6,5,0°) are predicted market
gt 10,0

shares, and predicted probabilities are re-calculated based on each updated value of 4.

Note that main effects cannot be estimated for time-invariant school characteristics, such as whether

a school is public, given that these characteristics are subsumed by the included school fixed effects.
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school characteristics, ;;. The instrument set includes the 20th, 40th, 60th, and 80th per-
centiles of the income distribution in municipality j and in year £. In addition, the set of
instruments for p;; and %_’; includes the lagged number of classrooms in grade three and in
grade four in school j. The set of income distribution instruments is valid as long as each
student’s school choice conditional on own income is only affected by changes to other
households’ income through the impact of these changes on school prices and class size.
The strategy of using market-level demand characteristics to instrument for endogenous
product attributes is discussed in Berry and Haile (2010) and is also applied in Gentzkow
and Shapiro (2010). Lagged number of third and fourth grade classrooms significantly
predicts average classroom size because changes to the number of school classrooms are
infrequent (and costly) and the number of available classrooms is a key determinant of
realized classroom size. Lagged numbers of classrooms are valid instruments if they af-
fect school preferences solely through their impact on classroom size and prices. This
condition is satisfied if £;; are drawn independently in each year.>*

Based on the resulting estimates of the (3 parameters, and the 3°, &, and ¢° val-
ues estimated in step one, I calculate the average elasticity of demand with respect to
price faced by private schools. To do so, I must incorporate the fact that a school price
increase leads to reduced enrollment which mechanically reduces classroom size. Since
average willingness to pay is falling in classroom size, this implies that a price elasticity
estimated without accounting for endogenously changing classroom size will represent an
overestimate (in magnitude) of the true residual demand elasticity that schools face. To

incorporate class size changes into the derivation of residual demand elasticity, I employ

the following formula:

. Zf\;[pm(l - PZJ)(B2 + 2, dir )] pj
VJP - 1 ~ *

L= o L P (1= Py) (B + X, dunBia)] - @

If &, are correlated over time, then most plausible sources of omitted variables bias would lead to
elasticities that are too small in magnitude. However, the estimated parameters reflecting hetero-
geneity in preferences for price and classroom size based on individual characteristics would not be
affected.

(22)
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Here, 7}, is the true elasticity of demand with respect to price that school j faces,
N is the total number of students in the market, f’ij is the estimated probability that
student 7 attends school j, and n; is the number of classrooms in school j. Based on this
expression, I estimate that the average residual demand elasticity faced by schools in the
market is -2.66.

Given estimates of the elasticity of residual demand faced by schools, I apply the
standard monopolist markup formula to back out schools’ marginal costs at baseline
enrollment levels.’> With a full set of estimated demand parameters and school marginal
costs, I am prepared to simulate school price and enrollment responses to an aggregate
income shock. To do so, I impose a uniform (2.9%) copper shock-induced income change.
This imputed income change is set equal to the change in mean income estimated in
Table 1 in response to a copper shock of one standard deviation. Consequently, if I have
correctly modeled the structure of the market, I should simulate price and enrollment
changes that mirror the reduced-form estimates presented in Table 2.

To estimate equilibrium changes in private school prices and enrollment, I follow an
iterative procedure. In each iteration, I construct for each school a grid of five prices
(centered around the price chosen in the previous iteration) with corresponding changes
in enrollment and marginal cost. Enrollment changes are calculated by linearizing the logit
function. To compute marginal cost, I estimate cross-sectionally the relationship between
marginal cost and class size within each baseline school price quintile bin. Then, I predict
marginal cost at a given enrollment level as a function of a school’s baseline marginal
cost and this slope. Given expressions for school price, enrollment, and average variable
cost at each point on the grid, each school is assigned the grid point corresponding to the
profit-maximizing price.’® After each iteration in which all schools have chosen profit-

maximizing prices, students are re-sorted across schools based on these new prices and
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The markup formula is MC = p(1 + %), where € is the elasticity of residual demand.
56

Schools are not permitted to continue lowering prices after enrollment has risen by 25% or to continue
increasing prices after enrollment has fallen by 25% to reflect the fact that such dramatic enrollment
changes are not observed in practice and would likely impose additional costs on a school that the
structural model does not incorporate.
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endogenously determined average classroom sizes.®” This process then repeats until I
arrive at a Nash equilibrium in which all schools are choosing the local best response to
all other schools’ prices.

Table 8 presents the results from this simulation algorithm for the 783 schools in the
Santiago metropolitan region in 2006. The price and enrollment results provide a rea-
sonable approximation of reduced-form estimates. I simulate a 6.09% increase in public
school enrollment relative to a 5.25% reduced-form estimate. As observed in the data,
I find that price increases and enrollment declines are driven by quintile four and five
schools. The simulation results underpredict price changes at the most elite schools and
overpredict corresponding enrollment declines. Both schools’ market power and parents’
class size preferences are necessary to generate these simulation results. Changes in resid-
ual demand elasticity are driven by both reduced price sensitivity and strengthened class
size preferences. Moreover, class size preferences prevent private schools from pursuing
an alternative strategy of leaving prices relatively intact and significantly expanding en-
rollment. In additional simulations, I confirm that elite private schools do just this in

equilibrium when class size preferences are turned off.

9 Conclusions

The proposed model 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 is an
important component of school quality. Simulations based on the model reveal that a

broad range of parameter values can cause private school enrollment declines.

57 I bound average classroom size impacts so that there are no additional quality gains below 10

students and no additional quality losses above 35 students. This assumption is justified by the fact
that preferences for smaller class size are estimated based on changes across intermediate class size
values. Moreover, imposing an upper bound on quality gains from class size reductions ensures that
schools are not incentivized to reduce enrollment to close to zero in order to charge increasingly
higher prices (as this is not observed in the data).
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To investigate whether the conditions under which aggregate income shocks would
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. T find
that private school enrollment shares fall 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 and low-cost private
schools do not adjust prices significantly; they instead expand enrollment to absorb those
additional students who would have attended high-cost private voucher schools absent the
rise in aggregate income. To determine whether market power or class size preferences
drive estimated enrollment impacts, I structurally estimate an extended version of the
model using Chilean educational data. Simulations based on structural estimates imply
that both market power and parents’ preferences for smaller class size play critical roles in
making it profitable for schools to raise prices to such an extent that enrollment declines.

In the analysis, I find that middle-income students benefit least from increases in
aggregate income. These students are most likely to attend worse schools as a result of
the rise in aggregate income, and this result is driven by those middle-income students
who would have attended elite private schools absent the shock to aggregate income.
Correspondingly, these same students experience the smallest test score gains. I present
suggestive evidence that this is causally related to higher rates of school downgrading for
this subpopulation.

It is encouraging that estimates show relatively large test score gains for disadvantaged
students when aggregate income rises. However, the observed changes in enrollment
patterns suggest that rising incomes may widen the gap between the highest socioeconomic
status students and everyone else. In any case, a better understanding of school responses
to aggregate changes in willingness to pay can inform those interested in designing policies

to improve educational opportunities for disadvantaged students, among other goals.
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Table 1. Copper Shocks and Income

Log 50th Log 60th Log 70th Log 80th Log 90th
Log Mean Percentile Percentile Percentile Percentile Percentile
Income Income Income Income Income Income
(1) (2) 3) 4) (5) (6)
Normalized Copper Shock 0.0202%%%  0.0581%**  0.0259%*%*  (.0182%** 0.0180%* 0.0245%%*
(0.0083) (0.0222) (0.0075) (0.0055) (0.0071) (0.0074)
Year Fixed Effects X X X X X X
Municipality Fixed Effects X X X X X X
Mean of Dependent Variable 12.099 10.375 11.849 12.210 12.507 12.947
[0.459] [3.383] [1.182] [0.461] [0.476] [0.494]
Observations 1078 1078 1078 1078 1078 1078
Sample All (Municipality-level) All (Municipality-level) All (Municipality-level)

Notes

Normalized Copper Shock is defined as the product of the normalized municipality-specific elasticity of income with respect
to copper prices and the log copper price (denominated in 1998 USD). Regressions are clustered at the municipality level
(there are 270 municipalities). * , ** and *** denote significance at the 10%, 5%, and 1% levels, respectively.



Table 2. School Price and Enrollment Responses to Copper Shocks
Log School Log School Log School Number of Number of Number of

Price Price Price Students Students Students
(1) (2) 3) 4) (5) (6)
Normalized Copper Shock 0.0042***  _0.0003 -0.0004 6.4%%* 14 4% 12.9%%x*
(0.0008) (0.0002) (0.0005) (1.9) (3.3) (3.0)

Normalized Copper Shock* Private 0.0274 %% 48 5k
School (0.0064) (12.2)
Normalized Copper Shock* -0.0040 66.0
Baseline School Price in Quintile 2 (0.0048) (72.8)
Normalized Copper Shock* 0.0084* 8.8
Baseline School Price in Quintile 3 (0.0048) (11.4)
Normalized Copper Shock* 0.0224 %% -39.3%**
Baseline School Price in Quintile 4 (0.0074) (11.3)
Normalized Copper Shock* 0.042 1 %% -68.7%**
Baseline School Price in Quintile 5 (0.0076) (11.4)
Year Fixed Effects X X X X X X
School Fixed Effects X X X X X X
Mean of Dependent Variable 10.643 342.1

[0.279] [407.5]
Observations 52438 52438 52033 52438 52438 52033
Sample All (School-level) All (School-level)

Notes
Normalized Copper Shock is defined as the product of the normalized municipality-specific elasticity of income with
respect to copper prices and the log copper price (denominated in 1998 USD). Regressions are clustered at the municipality
level (there are 270 municipalities). * , **_ and *** denote significance at the 10%, 5%, and 1% levels, respectively.



Table 3. School Price and Enrollment Robustness Specifications I
Log School Log School Log School Number of Number of Number of

Price Price Price Students Students Students
(D 2 A3) “4 (%) (6)
Average Copper Shock 0.0057***  -0.0002 -0.0003 8.0%*x* 18.9%#% 17.2%%%
(0.0010) (0.0003) (0.0003) (1.5) (2.5) (2.4)
Average Copper Shock* Private 0.0315%** _58.6%**
School (0.0053) (10.0)
Average Copper Shock* Baseline -0.0021 67.5
School Price in Quintile 2 (0.0053) (68.4)
Average Copper Shock* Baseline 0.0062* -1.8
School Price in Quintile 3 (0.0036) (9.3)
Average Copper Shock* Baseline 0.0266%** -45 8%**
School Price in Quintile 4 (0.0054) (9.3)
Average Copper Shock* Baseline 0.0495%** -83.3%**
School Price in Quintile 5 (0.0091) (10.2)
Year Fixed Effects X X X X X X
School Fixed Effects X X X X X X
Mean of Dependent Variable 10.643 342.1
[0.279] [407.5]
Observations 52438 52438 52033 52438 52438 52033
Sample All (School-level) All (School-level)

Notes
Average Copper Shock is defined as the mean of current, lagged, and twice lagged copper shocks (constructed as described
in Table 1). Regressions are clustered at the municipality level (there are 270 municipalities). * , **, and *** denote
significance at the 10%, 5%, and 1% levels, respectively.



Table 4. School Price and Enrollment Robustness Specifications 11

Number of Public School

Log School Price Number of Students Number of Students Students
(1) (2) (3) (4) (5) (6) (7) (8)
Normalized Copper Shock 0.0026***  0.0001 5.4%%% 11.5%%* 11.8%%* 91.6 262.4%%% 212 .6%**
(0.0007) (0.0002) (1.4) (3.0 2.9) (72.6) (56.8) (44.5)
Normalized Copper Shock* Private 0.0205%%* _5].5%%* _60.7%**
School (0.0041) (11.1) (14.6)
Year Fixed Effects X X X X X X X X
School Fixed Effects X X X X X
Control for Total Students X X
Municipality Fixed Effects X X X
Mean of Dependent Variable 10.611 256.1 10675.0 4161.7
[0.258] [338.0] [15083.9] [5546.1]
Observations 39907 39907 39907 39907 52438 2160 2160 2160
Sample Excluding metropohtan Excluding metropohtan All Municipality-level
region region
Notes

Regressions are clustered at the municipality level (there are 270 municipalities). * , **, and *** denote significance at the 10%, 5%, and 1%

levels, respectively.



Table 5. Copper Shocks and Student School Sorting Patterns

Baseline School Price

School-Level Mean

Quintile Upgrade Downgrade Parental Education
(1) (2) (3) (4) (5) (6)
Normalized Copper Shock 0.0123  -0.0004 -0.0014 0.0007 0.0460***  0.0021
(0.0121)  (0.0035) (0.0008) (0.0005) (0.0102)  (0.0158)
Normalized Copper Shock® Within-_ 1 5uxx_ go1om%  -0.00035%*% 0.00010%%*  -0.0093%**
municipality Parental Education
Quartile 2 (0.0017)  (0.0002) (0.00007) (0.00002) (0.0026)
Normalized Copper Shock™ Within-_¢ g1 64x%5.0,0013%%% -0.00054*** 0,00014***  -0.0130%**
municipality Parental Education
Quartile 3 (0.0033)  (0.0003) (0.00010) (0.00004) (0.0046)
Normalized Copper Shock* Within-_ o191%x 00002 -0.00041%** 0.00019%**  -0.0065
municipality Parental Education
Quartile 4 (0.0044)  (0.0005) (0.00012) (0.00007) (0.0058)
Within-municipality Parental 0.485%** (), Q5] *** 0.0145%**  .0.00]19*** 0.702%**
Education Quartile 2 (0.017)  (0.002) (0.0006) (0.0002) (0.022)
Education Quartile 3 (0.028)  (0.003) (0.0009) (0.0003) (0.035)
Education Quartile 4 (0.037)  (0.004) (0.0009) (0.0004) (0.052)
Normalized Copper Shock* 0.0781
Baseline School Price in Quintile 2 (0.0855)
Normalized Copper Shock* 0.0058
Baseline School Price in Quintile 3 (0.0272)
Normalized Copper Shock* 0.1180%**
Baseline School Price in Quintile 4 (0.0449)
Normalized Copper Shock* 0.1510%**
Baseline School Price in Quintile 5 (0.0378)
Year Fixed Effects X X X X X X
Municipality Fixed Effects X X
Lagged School-Municipality Fixed
Effects X X X
School Fixed Effects X
Observations 11,908,10911,168,582 10,933,347 10,933,347 11,908,109 51,633
All
(Student-  All (School-
Sample All (Student-level) All (Student-level) level) level)
Notes

Upgrading is defined by whether a student attends a school in year "t' that has a higher baseline price quintile
measure than the school she attended in year 't-1' and downgrading is defined by whether a student attends a school
in year 't' that has a lower baseline price quintile measure than the school she attended in year "t-1'. Lagged school-
municipality fixed effects control for the school that an individual attended in the previous year in combination with
the municipality in which the individual lived in the previous year. Regressions are clustered at the municipality
level (there are 270 municipalities). * , **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.



Table 6. Copper Shocks and Student Test Scores

Normalized SIMCE Score Normalized SIMCE Score

) 2) 3 “

Normalized Copper Shock 0.0198*%** 0.0183%** 0.0254%%* 0.0265*%*

(0.0046) (0.0051) (0.0057) (0.0059)
Normalized Copper Shock* Within- -0.003 1% -0.0002 -0.00005
municipality Parental Education Quartile 2 (0.0007) (0.0003) (0.0003)
Normalized Copper Shock* Within- -0.0037%** 0.0009* 0.0012%*
municipality Parental Education Quartile 3 (0.0010) (0.0005) (0.0005)
Normalized Copper Shock* Within- -0.0024* 0.0023** 0.0025%**
municipality Parental Education Quartile 4 (0.0013) (0.0009) (0.0009)
Within-municipality Parental Education 0.283%4* 0.157*** 0.154%%%
Quartile 2 (0.006) (0.002) (0.002)
Within-municipality Parental Education 0.517%** 0.273%** 0.267***
Quartile 3 (0.007) (0.004) (0.004)
Within-municipality Parental Education 0.820%** 0.420%** 0.408%**
Quartile 4 (0.009) (0.008) (0.008)
Year Fixed Effects X X X X
Municipality Fixed Effects X X
Lagged School-Municipality Fixed Effects X
School-Municipality Fixed Effects X
Observations 2,581,999 2,238,892 2,235,769 2,238,892
Sample All (Student-level) All (Student-level)

Notes

Regressions are clustered at the municipality level (there are 270 municipalities). * , **, and *** denote
significance at the 10%, 5%, and 1% levels, respectively.



Table 7. Preferences for School Attributes

Classroom Size (unit: Price (unit: 10,000

Public School

Low-Price Private

School Characteristic 10 students) CLP=20 USD) (0/1 Indicator) School (0/1 Indicator) Distance (unit: 10km)
1) 2) 3) “) (5)
Main Effect -1.7020 -4.4590 - - -10.5561
(0.2730) (0.9740) - - (0.3113)
Heterogeneity by:
Baseline Parental Income 0.0059 0.0691 -0.0784 -0.0462 0.0507
(unit: 100,000 CLP=200 USD) (0.0017) (0.0011) (0.0043) (0.0040) (0.0039)
Copper Shock Income -0.0458 0.0231 -0.0632 -0.1095 -0.5402
(unit: 100,000 CLP=200 USD) (0.0072) (0.0044) (0.0170) (0.0156) (0.0158)
Parental Education (unit: 1 year) 0.0550 0.1528 -0.0277 -0.0544 1.5368
(0.0007) (0.0009) (0.0014) (0.0017) (0.0349)
High Expectations (0/1 Indicator) 0.097 0.3475 -0.0202 -0.1174 0.2458
(0.0097) (0.0118) (0.0176) (0.0208) (0.0227)
Santiago Santiago Santiago Santiago metropolitan Santiago metropolitan
Sample metropolitan region metropolitan region metropolitan region region region

Notes

Main Effect coefficients reflect the change in mean utility associated with a one-unit change in the school characteristic. Heterogeneity coefficients reflect
the change in mean utility associated with a school characteristic that results from a one-unit change in a given individual characteristic. High Expectations
is an indicator for whether parents expect their child to graduate from college. Standard deviations are presented in parentheses. Note that main effect
coefficients are not identified for time-invariant school characteristics.



Table 8. Simulated Enrollment Changes

Simulation Reduced-Form Estimates
Percentage Percentage Percentage  Percentage
Change in Change in Change in Change in
School Price Enrollment School Price  Enrollment
(1) (2) (3) (4)
Baseline School Price in Quintile 1 0 6.09% 0.04% 5.25%
- - (0.05) (1.22)
Baseline School Price in Quintile 2 -0.60% 11.93% -0.40% 13.11%
- - (0.48) (8.68)
Baseline School Price in Quintile 3 1.03% 1.67% 0.84% 3.58%
- - (0.48) (3.09)
Baseline School Price in Quintile 4 2.03% -8.39% 2.24% -4.22%
- - (0.74) (1.89)
Baseline School Price in Quintile 5 2.93% -12.51% 4.21% -9.40%
- - (0.76) (2.55)

Notes

Standard errors are presented in parentheses for reduced-form estimates. Percentage enrollment
changes are constructed based on average school size in a given baseline school price quintile bin.



Figure 1: Model Simulations
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Notes: The figure displays results averaged over 50 model simulations. Y-axis values range from 1=0.25 to
7=5.0 and X-axis values range from 6=2.5 to 6=50.0. Baseline quality ratio between schools is set equal to 2.
When printed in grayscale, darker cells are those in which private school enrollment increases, lighter cells are
those in which private school enrollment declines, and cells with a horizontal-line pattern are those in which the
model is unstable.



Figure 2: Municipality-Specific Elasticities
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Figure 3: Time Series of Copper Prices and Chilean Exchange Rate
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Appendix Table 1. Region-level Analysis

Number of
LogMean  Log School Public School
Income Price Students
(1) (2) 3)
Normalized Copper Shock 0.063** 0.0060%** 544(0.3%**
(Region-level) (0.030) (0.0029) (2050.3)
Year Fixed Effects X X X
Region Fixed Effects X X
School Fixed Effects X
Mean of Dependent Variable 12.228 10.643 95,684
[0.369] [0.279] [97,210]
Observations 60 59049 120
Specification WLS OLS WLS
Sample All l(eIiZ%)lon Alll(esv(;}ll;)ol All l(eIiZ%)lon
Notes

1 Normalized Copper Shock is defined as the product of the normalized region-
specific elasticity of income with respect to copper prices and the log copper price
(denominated in 1998 USD). Regressions are clustered at the region level (there are
15 regions). *, ** and *** denote significance at the 10%, 5%, and 1% levels,
respectively. Columns (1) and (3) employ a weighted least squares (WLS)
specification, and weight observations by number of responses within region*year
cell.



Appendix Table 2. School Price Determinants

Baseline School

Log Price Log Price Log Price Price Quintile
1) 2 3 “4)
Mean Normalized Test Score 0.003*%** 0.013%** 0.022%** 0.156%***
(0.001) (0.003) (0.005) (0.032)
Mean Parental Education (Years) 0.001*** 0.002 0.006%** 0.135%**
(0.0002) (0.002) (0.002) (0.014)
Mean of Log Household Income 0.008*** 0.037*#* 0.150%** 0.582%**
(0.001) (0.008) (0.013) (0.049)
Mean of High Expectations 0.012%** 0.022%* 0.1171%** 1.040%**
(0.002) (0.009) (0.013) (0.096)
Average Teacher Experience (Years) -0.0005*** -0.001 -0.004*** -0.050%**
(0.0001) (0.001) (0.0004) (0.003)
Fraction of Teachers Certified -0.012** 0.002 0.072%*** 0.209
(0.005) (0.015) (0.021) (0.136)
Fraction of Teachers with Graduate Degrees 0.003%** 0.004 -0.007 0.008
(0.001) (0.003) (0.006) (0.054)
Fraction of Teachers that Use Computer 0.005°%** 0.003 0.002 -0.043
Frequently for Work (0.001) (0.003) (0.008) (0.062)
Year Fixed Effects X X
School-Grade Fixed Effects X X
Mean of Dependent Variable 10.572 10.825 10.404 2.260
[0.263] [0.271] [0.161] [1.631]
Observations 31131 9688 5194 5149
Fourth Graders ui)l(lzlgglllrégo s Year 2005 Year 2005
Sample (School*Grade- (IS)chool* Grade- (School*Grade- (School*Grade-
level) level) level) level)
Notes

All regressions are estimated at the grade four level, as SIMCE data is most frequently available for grade four
students. High Expectations is an indicator for whether parents expect their child to graduate from college. Columns
(3)-(4) include only observations from the year 2005. Regressions are clustered at the municipality level (there are
270 municipalities). * , ** and *** denote significance at the 10%, 5%, and 1% levels, respectively.



Appendix Table 3. Copper Shocks and Public School Funding

FNDR($) FNDR($) FNDR($)  FNDR ($)

(1) (2) 3) 4)
Normalized Copper Shock -34848 -0.172
(24112) (0.140)
Aggregate Copper Shock -26235 -0.057
(22932) (0.128)
Year Fixed Effects X X X X
Municipality Fixed Effects X X X X
Mean of Dependent Variable 434,293 10.616
[3,992,299] [0.266]
Observations 1885 1885 1703 1703
Specification OLS OLS Poisson QMLE Poisson QMLE
Sample Municipality-level Municipality-level

Notes

Regressions are clustered at the municipality level (there are 270 municipalities). FNDR refers
to the National Fund for Regional Development.



Appendix Table 4.

Teacher Income

LogMean Log Mean
Income Income
(1) (2)

Normalized Copper Shock -0.016 -0.013
(Region-level) (0.016) (0.010)
Normalized Copper Shock* 0.058%** 0.079%**
Non-Teacher (0.018) (0.025)
Year*Teacher Fixed Effects X X
Region*Teacher Fixed Effects X X
Mean of Dependent Variable 12.686

[0.583]
Observations 120 120
Specification OLS WLS
Sample All (Region-level)

Notes

Normalized Copper Shock is defined as the product of the
normalized region-specific elasticity of income with respect to
copper prices and the log copper price (denominated in 1998
USD). Regressions are clustered at the region level (there are 15
regions). * | ** and *** denote significance at the 10%, 5%,
and 1% levels, respectively. Column (2) employs a weighted
least squares (WLS) specification, and weights observations by
number of responses within region*year cell.



Appendix Table 5. Copper Shocks and Teacher Characteristics

Average Average Average Share Share Share
Experience Experience Experience Teachers Teachers Teachers
(Years) (Years) (Years) Certified Certified Certified
1) 2 3) “ ®) (6)

Normalized Copper Shock -0.061 -0.022 -0.034 0.005 0.005 0.005

(0.178) (0.216) (0.222) (0.004) (0.005) (0.005)
Normalized Copper Shock* Private 0212 -0.002
School (0.289) (0.006)
Normalized Copper Shock* -0.526 0.013
Baseline School Price in Quintile 2 (0.432) (0.017)
Normalized Copper Shock* 0416 0.005
Baseline School Price in Quintile 3 (0.460) (0.012)
Normalized Copper Shock* 0.068 -0.0001
Baseline School Price in Quintile 4 (0.324) (0.008)
Normalized Copper Shock* -0.293 -0.0001
Baseline School Price in Quintile 5 (0.285) (0.006)
Year Fixed Effects X X X X X X
School Fixed Effects X X X X X X
Mean of Dependent Variable 15.808 0.923

[7.652] [0.133]
Observations 47147 47147 46775 47147 47147 46775
Sample All (School-level) All (School-level)

Notes
Normalized Copper Shock is defined as the product of the normalized municipality-specific elasticity of income with
respect to copper prices and the log copper price (denominated in 1998 USD). Regressions are clustered at the municipality
level (there are 270 municipalities). * , **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.



Appendix Table 6. Copper Shocks and Rental Income

Log 50th Log 60th Log 70th Log 80th Log 90th
Log Imputed Percentile Percentile Percentile Percentile Percentile
Rental Income Rental Income Rental Income Rental Income Rental Income Rental Income
(1) (2) 3) 4) (5) (6)
Normalized Copper Shock 0.019 0.027** 0.010 0.016 0.010 0.030*
(0.012) (0.013) (0.012) (0.011) (0.012) (0.016)
Year Fixed Effects X X X X X X
Municipality Fixed Effects X X X X X X
Observations 1078 1066 1070 1074 1074 1074
Sample All (Municipality-level) All (Municipality-level) All (Municipality-level)

Notes

Normalized Copper Shock is defined as the product of the normalized municipality-specific elasticity of income with respect
to copper prices and the log copper price (denominated in 1998 USD). Regressions are clustered at the municipality level
(there are 270 municipalities). * , ** and *** denote significance at the 10%, 5%, and 1% levels, respectively.



Appendix Table 7. Copper Shocks and School Entry/Exit

Number of Number of Log Number Log Number
Number of  Public Private = Log Number  of Public of Private
Schools Schools Schools  of Schools Schools Schools
(1 ) 3) “ ) ()

Copper Shock -0.050 0.111 -0.014 0.002 0.005 0.002

(0.170) (0.108) (0.119) (0.006) (0.005) (0.008)
Year Fixed Effects X X X X X X
Municipality Fixed Effects X X X X X X
Control for Lagged Dependent Var X X X X X X
Mean of Dependent Variable 31.2 17.5 13.7

(26.6) (12.1) (18.9)

Specification OLS Poisson QMLE
Observations 1890 1890 1890 1890 1890 1612
Sample Municipality-level Municipality-level Municipality-level

Notes
All specifications include a control for the lagged value of the dependent variable. Regressions are clustered at the
municipality level (there are 270 municipalities). * , **, and *** denote significance at the 10%, 5%, and 1% levels,
respectively.



Appendix Table 8. Copper Shocks and Teacher Contracts

Number of Number of Number of
Contract Contract Contract Number of Number of Number of
Hours Hours Hours Teachers Teachers Teachers
(1) (2) 3) 4) (5) (6)

Normalized Copper Shock 4.4 7.8 6.3 0.04 0.4% %% 0.4% %%

(3.6) (5.2) (4.9) (0.1) (0.2) (0.1)
Normalized Copper Shock* Private -64.9%** 2D Ok
School (20.0) (0.6)
Normalized Copper Shock* 56.2 1.1
Baseline School Price in Quintile 2 612) (1.9)
Normalized Copper Shock* -5.1 -0.2
Baseline School Price in Quintile 3 (26.1) (0.8)
Normalized Copper Shock* Z72.8%%* -2 3wk
Baseline School Price in Quintile 4 (20.2) (0.6)
Normalized Copper Shock* -73.9%%* S2. Rk
Baseline School Price in Quintile 5 (23.6) (0.6)
Year Fixed Effects X X X X X X
School Fixed Effects X X X X X X
Mean of Dependent Variable 611.1 19.4

[589.8] [17.6]
Observations 46737 46737 46323 46737 46737 46323
Sample All (School-level) All (School-level)
Notes

Normalized Copper Shock is defined as the product of the normalized municipality-specific elasticity of income with
respect to copper prices and the log copper price (denominated in 1998 USD). Number of Contract Hours refers to the per
week number of contracted teacher hours at a given school. Regressions are clustered at the municipality level (there are
270 municipalities). * , ** and *** denote significance at the 10%, 5%, and 1% levels, respectively.



Appendix Table 9. Lead Structure of Copper Shocks

Log School Log School Log School Log School Log School Log School Log School Log School Log School

Price Price Price Price Price Price Price Price Price
) 2 3) “ (©) (6) (7 (®) ©)

Lead Copper Shock 0.0018 0.0018 0.0012 0.0044 -0.0005
(t+1) (0.0040) (0.0040) (0.0038) (0.0039) (0.0047)
Lead Copper Shock 0.0008 0.0009 -0.0029 -0.0050
(t+2) (0.0075) (0.0076)  (0.0075) (0.0106)
Lead Copper Shock -0.0004 -0.0009 -0.0003
(t+3) (0.0055) (0.0056) (0.0083)
Lead Copper Shock 0.0086 0.0088
(t+4) (0.0063) (0.0064)
Aggregate Future 0.0074
Shock (0.0114)
Year Fixed Effects X X X X X X X X X
School Fixed Effects X X X X X X X X X
Observations 12004 10176 8375 6583 12004 10176 8375 6583 6583
Sample All (School-level) All (School-level) All (School-level) All (School-level)

Notes
The sample includes all private schools. Lead Copper Shock coefficients are estimated separately for lead years 1-4 in Columns (1)-(4). Columns (5)-(8)
include lead terms jointly and Aggregate Future Shock is defined as the mean of lead copper shocks 1-4. Regressions are clustered at the municipality
level (there are 270 municipalities).



Appendix Table 10. Copper Shocks and Teacher Performance

Teaching Teaching Teaching
Evaluations Evaluations Evaluations

1) 2 3)

Normalized Copper Shock -0.005 -0.005 -0.007

(0.015) (0.014) (0.015)
Normalized Copper Shock* Private -0.004
School (0.053)
Normalized Copper Shock* 0.044
Baseline School Price in Quintile 2 (0.115)
Normalized Copper Shock* -0.016
Baseline School Price in Quintile 3 (0.065)
Normalized Copper Shock* 0.010
Baseline School Price in Quintile 4 (0.086)
Normalized Copper Shock* 0.046
Baseline School Price in Quintile 5 (0.063)
Year Fixed Effects X X X
School Fixed Effects X X X
Mean of Dependent Variable 2.204

[0.249]
Observations 24582 24582 24333
Sample All (School-level)

Notes
Normalized Copper Shock is defined as the product of the normalized
municipality-specific elasticity of income with respect to copper prices and the
log copper price (denominated in 1998 USD). Teaching Evaluations is the
school-level mean of individual teaching evaluations which are scaled from
one to four. These evaluations are based on a pedagogical statement written by
the respondent and on a classroom video recording. Regressions are clustered
at the municipality level (there are 270 municipalities). * , **, and *** denote
significance at the 10%, 5%, and 1% levels, respectively.



Appendix Table 11. Copper Shocks and Student Grade Point Averages

Grade Point Average

) 2) 3

Normalized Copper Shock 0.0092%** 0.0103%* 0.0093*

(0.0044) (0.0048) (0.0050)
Normalized Copper Shock* Within- -0.0012%** 0.0002
municipality Parental Education Quartile 2 (0.0006) (0.0004)
Normalized Copper Shock* Within- -0.0006 0.0018***
municipality Parental Education Quartile 3 (0.0007) (0.0005)
Normalized Copper Shock* Within- 0.0003 0.0028***
municipality Parental Education Quartile 4 (0.0009) (0.0007)
Within-municipality Parental Education 0.1892%** 0.143 1%
Quartile 2 (0.0044) (0.0030)
Within-municipality Parental Education 0.3051** 0.2219%**
Quartile 3 (0.0048) (0.0052)
Within-municipality Parental Education 0.4328%** 0.3023%**
Quartile 4 (0.0068) (0.0078)
Year Fixed Effects X X X
Grade Fixed Effects X X X
Municipality Fixed Effects X X
Lagged School-Municipality Fixed Effects X
Mean of Dependent Variable 5.663

[0.866]
Observations 17,059,576 10,562,118 9,822,852
Sample All (Student-level)

Notes
Normalized Copper Shock is defined as the product of the normalized municipality-specific
elasticity of income with respect to copper prices and the log copper price (denominated in
1998 USD). Grade point average is measured on a scale from zero to seven. Regressions
are clustered at the municipality level (there are 270 municipalities). * , **, and *** denote
significance at the 10%, 5%, and 1% levels, respectively.



Appendix Table 12. School Price and Enrollment Responses to Copper Shocks (Santiago Region)

Log School Log School Log School

Number of Number of Number of

Price Price Price Students Students Students
(D 2 3) “4) (©) (6)
Normalized Copper Shock 0.0076  -0.0133*** -0.0142%*x* -17.1 13.8 13.8
(0.0049)  (0.0031) (0.0031) (12.1) (15.0) (14.9)
Normalized Copper Shock* Private 0.0418%*x* -61.7%%*
School (0.0083) (17.8)
Normalized Copper Shock* Baseline 0.0029 493
School Price in Quintile 2 (0.0078) (72.4)
Normalized Copper Shock* Baseline 0.0179%* -40.4
School Price in Quintile 3 (0.0098) (26.9)
Normalized Copper Shock* Baseline 0.0322%** -55.0%**
School Price in Quintile 4 (0.0118) (18.4)
Normalized Copper Shock* Baseline 0.0868%** -114.0%**
School Price in Quintile 5 (0.0118) (26.0)
Year Fixed Effects X X X X X X
School Fixed Effects X X X X X X
Mean of Dependent Variable 10.738 577.9
[0.294] [499.3]
Observations 12531 12531 12531 12531 12531 12531
Sample Santiago Region (School-level) Santiago Region (School-level)

Notes

Normalized Copper Shock is defined as the product of the normalized municipality-specific elasticity of income with
respect to copper prices and the log copper price (denominated in 1998 USD). Regressions are clustered at the municipality
level (there are 52 municipalities). * , **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.



Appendix Figure 1: School Price Distribution

School Price Density by Baseline Price Quintile
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Note: Quintile 1 is excluded because 99.8% of quintile 1 schools do not charge any top-up.



1 Mathematical Appendix

Based on the first-order condition from the school’s profit maximization and the expres-
sions for demand and expected willingness to pay of parents that are presented in Section
2, 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*— [O’—i—C—i—OéTV*%*] =0 (1)
f—/‘-HawﬁﬁﬂNﬂwwzo 2)

Gaor's) o
/ fr oo s O = ¥

Here, p*, ¢*,and V* represent equilibrium prices, enrollment, and expected willingness to
pay of parents whose children attend school j, respectively.

I can then apply the implicit function theorem to find expressions for % - and . To
do so, I construct the inverse of the Jacobian and multiply it by negative one times the
vector of the partial derivatives of Appendix Equations (1)-(3) with respect to a. The
Jacobian matrix of the partial derivatives of Appendix Equations (1)-(3) with respect to

the equilibrium values of the three endogenous variables (p, ¢, and V') is as follows:

1 _arVv* _orq”
n n
=| arV*g*
J o 1 + on 0
v*  E[?lar V* 1
i on e

The inverse of the Jacobian can then be expressed as:
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Finally, the vector of the partial derivatives of Appendix Equations (1)-(3) with respect

to « is:
L |
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The intractability of the vector of partial derivatives with respect to « in turn implies
that the expressions for price and enrollment comparative statics, which are equal to the
first and second entries of the matrix —J ! x P, are uninterpretable. To gain insight into
the nature of price and enrollment responses to changing aggregate demand, I conduct

simulations of the model (as detailed in Section 2).





