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I. Introduction

Distance education elicits strong reactions from parents, policymakers, and teach-
ers alike (Almagor 2021). Recent studies of the effects of pandemic-related school clo-
sures on academic achievement in developed countries show that more time away
from in-person school is associated with less learning (Engzell, Frey, and Verhagen
2021; Maldonado and De Witte 2021). The effectiveness of distance education de-
pends on two factors: how it is implemented and the quality of the counterfactual
alternative. Distance education can be implemented as an online version of in-person
schooling or it can be scaled, with a small number of highly effective communicators
delivering lectures to multiple school districts. In addition, remote learning is more
likely to be effective where the quality of in-person alternatives is low. These two
factors mean that distance education may be of particular value in developing coun-
tries, where rural-urban divides and high rates of teacher absenteeism deprive many
students of high-quality instruction (Duflo, Hanna, and Ryan 2012). Yet, large-scale
implementation of a single remote curriculum is rare and there has been little research
in economics evaluating the effectiveness of such programs.

In this paper, we study the effects of a long-running distance education program
on student learning in Mexico. Since 1968, Mexico has undertaken an ambitious effort
to provide a distance education option to secondary school students.! These students
decide between traditional schools, with subject-specific teachers delivering their own
lectures in person, and telesecundarias, brick and mortar establishments where stu-
dents watch televised lectures and work on standardized assignments under the su-
pervision of a single adult monitor. If shown to be effective, telesecundarias could
provide a model for operating distance education at scale that differs considerably
from the pandemic approach to schooling.

We analyze the effectiveness of telesecundarias relative to traditional public
schools in Mexico using data on low-stakes end-of-year standardized tests in math
and Spanish—the Evaluacién National de Logro Académico en Centros Escolares, or
ENLACE.? We examine students who were in the sixth grade in 2007/08 and who

!Secondary schools in Mexico enroll students in grades seven through nine and are akin to middle
schools in the United States, while upper secondary schools enroll students in grades ten through twelve.
Throughout the paper, we use the terms “secondary” and “upper secondary” to be consistent with the
Mexican educational system.

?Numerous studies have used the ENLACE exams as a means of evaluating educational interven-
tions (De Hoyos, Garcia-Moreno, and Patrinos 2017; Dustan, De Janvry, and Sadoulet 2017; Estrada and
Gignoux 2017; Avitabile and De Hoyos 2018; Estrada 2019; Michaelsen and Salardi 2020). Scores on these
exams have been shown to predict important life outcomes including university enrollment and wages
(de Hoyos, Estrada, and Vargas 2021).



Table 1
Mean Scores on Exams, by School Type

Math Spanish
All  Traditional Telesecundaria Difference All  Traditional Telesecundaria Difference
Grade 6 5214 531.0 484.2 -46.7 516.3 526.7 476.1 -50.5
Grade7 500.1 501.5 494.8 -6.70 499.7 503.6 484.7 -18.9
Grade8 508.5 505.0 522.1 171 477.2 479.2 469.4 -9.80
Grade9 524.5 518.7 546.9 28.2 499.6 501.2 493.6 -7.60

The table shows mean scores on the math and Spanish ENLACE exams for public school students in Mexico who
advanced to secondary school. Students in grade 6 attend primary school. Starting in grade 7, public school students
attend either traditional secondary schools or telesecundarias. The standard deviations on the math ENLACE exams
are 120.7, 100.7, 104.0, and 119.3 in grades 6, 7, 8, and 9, respectively. The standard deviations on the Spanish
ENLACE exams are 107.3, 100.0, 109.2, and 100.8 in grades 6, 7, 8, and 9, respectively.

advanced to secondary school the following year. Table 1 presents mean scores on the
ENLACE exams for this sample of public school students for grades six through nine.
The table shows that in grade six, the year prior to enrollment in secondary school,
students who will attend telesecundarias the following year score 46.7 points lower in
math and 50.5 points lower in Spanish, on average, than their peers who will eventu-
ally attend traditional secondary schools. These gaps in the sixth grade, of 0.387 and
0.471 standard deviations, respectively, diminish considerably after students enroll in
secondary school. For each year of enrollment, the performance gap between students
at traditional schools and telesecundarias narrows in Spanish, and in math students
at telesecundarias overtake their peers at traditional schools by grade eight and are
performing 28.2 points better by grade nine.

The marked improvement of telesecundaria students relative to their traditional
school peers is neither caused by differential rates of dropout, as we restrict our sam-
ple to students who advance to secondary school, nor is it likely to be an artifact
caused by differential rates of cheating or exam-sitting (see Appendix A). Neverthe-
less, since secondary school type is not randomly assigned, the extent to which this
improvement represents a causal effect of telesecundarias or whether it stems from
selection based on unobservable characteristics is unclear.

To assess the causal effect of telesecundarias on student learning, this paper com-
bines a value-added model with the marginal treatment effects (MTE) framework,
introduced by Bjorklund and Moffitt (1987) and generalized in Heckman and Vytlacil
(1999, 2001b, 2005, 2007). We measure learning in two subjects, math and Spanish, by
value added, the intertemporal difference in scores on the ENLACE exams adminis-
tered the year before and one year after the start of secondary school. We focus on

the transition from primary school to secondary school (grades six to seven), as this
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is when students face a choice regarding the type of school to attend. We define the
relative effectiveness of telesecundarias as the difference in value added between the
two school types between grades six and seven. Focusing on value added allows us to
isolate how much student knowledge in seventh grade is directly attributable to the
type of secondary school attended.

We use the MTE framework to jointly model student’s choice of school and their
academic outcomes at each school. This framework, which allows for the possibility
that the choice of secondary school may be correlated with unobserved factors affect-
ing performance on the exams, is a flexible semiparametric selection model that can
estimate treatment effects for policies as they are currently implemented as well as
evaluate a wide range of counterfactual policies. It is important to conduct the MTE
analysis that we do in this paper instead of using traditional instrumental variables
(IV) methods for several reasons. The estimates that are obtained by IV with a contin-
uous instrument can be represented as a particular weighted average of the MTE and
correspond to some treatment effect, but they do not usually identify typical treat-
ment parameters of interest in the presence of sorting on gains. We use our estimated
MTEs to calculate these parameters — the average effect of treatment (ATE), the aver-
age effect of treatment on the treated (TT), and the average effect of treatment on the
untreated (ATU) — as well as analyze additional counterfactual policies that expand
access to telesecundarias. Finally, we use the MTE to conduct distributional analysis
of the effects of telesecundaris on the rural-urban test score gap and the gap in test
scores between students who speak an indigenous language at home and those who
speak Spanish. The results in this paper highlight the flexibility and usefulness of the
MTE framework as a tool for policy evaluation.

Identification of the MTE requires an instrumental variable that affects the deci-
sion of which school to attend but does not directly affect outcomes at each school. The
instrument we use in this paper is a measure of relative distance, which we compute
as the difference between two distance measures. The first measure is the distance be-
tween each student’s primary school and the nearest telesecundaria, while the second
measure is the distance between the same primary school and the nearest traditional
secondary school. The resulting instrument measures how many kilometers farther
the telescundaria is compared to the traditional school.?*

This instrumental variable, relative distance, is highly predictive of attendance

*A large body of empirical work uses a measure of distance to school as an instrument. See Card
(1995), Kane and Rouse (1995), Kling (2001), Currie and Moretti (2003), Cameron and Taber (2004),
Carneiro, Heckman, and Vytlacil (2011), and Carneiro, Lokshin, and Umapathi (2017).

*We eliminate students from the sample who lack both schooling options within a 15 km radius.



in telesecundarias: A one kilometer reduction in this measure, meaning that the
telesecundaria becomes relatively closer, causes the student’s probability of attend-
ing a telesecundaria to increase by 3.4% on average. Cameron and Taber (2004) and
Carneiro and Heckman (2002) have raised concerns that distance to secondary school
is correlated with student ability in the United States. We discuss why endogeneity
of this sort is less likely in Mexico than in the US, and we conduct several robustness
checks that suggest there is little dependence between the instrument and unobserved
determinants of academic performance. Importantly, we rule out the possibility that
fatigue resulting from walking to school worsens academic performance and affects
our result.

We find that telesecundarias are highly beneficial: The average treatment effect
(ATE) of telesecundaria attendance relative to attendance in traditional schools is a
36.7 point increase in math scores (equivalent to 0.364 standard deviations on the
exam) and a 23.0 point increase in Spanish scores (equivalent to 0.230 standard de-
viations) after just one year of attendance.” These ATEs conceal considerable hetero-
geneity in who benefits from telesecundarias. Some students see gains of over 50
points, while others experience no benefit. Our findings suggest that much of the im-
provement of telesecundaria students documented in Table 1 represents causal effects
of telesecundarias.

Our analysis uncovers a pattern of negative sorting on gains. Students who are
more likely to attend telesecundarias benefit less than students who are less likely
to attend. This pattern is statistically significant: Our estimated MTEs for math and
Spanish reject the hypothesis of no sorting on gains. Two theories can explain the
existence of negative sorting. In the first theory, telesecundarias’ negative reputation
may induce parents to have biased beliefs regarding school quality (Cornelissen et al.
2018, Ainsworth et al. 2020). Another theory is that families may base their deci-
sions on factors other than academic achievement, such as educational attainment.®
We present evidence, consistent with this theory, that students who are most likely
to attend telesecundarias experience some of the largest gains in the likelihood of ad-
vancing to the final year of secondary school.

We use our estimated MTEs to evaluate counterfactual policies that expand ac-

>As both the mean and standard deviation of test scores in the seventh grade may be influenced by
the treatment effect, we conduct our analysis using raw scores on the exams. The standard deviations
on the seventh grade ENLACE exams (100.7 for math and 100.0 for Spanish) are close enough to 100 to
allow for an easy translation between points and standard deviations.

® Abdulkadiroglu et al. (2020) show that parents in New York City do not value school effective-
ness conditional on peer quality. As telesecundaria students are considerably more disadvantaged than
traditional school students, this may also explain the pattern of reverse sorting.
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cess to telesecundarias. The first policy we consider is a dramatic increase in telese-
cundaria availability that reduces the instrument, relative distance, by five kilometers
(km) for everyone in the sample. The second policy is a school building program
that constructs a telesecundaria adjacent to the eighteen percent of Mexican primary
schools without one within five km. We find that the first policy raises math (Spanish)
scores by 35.5 (23.8) points, while the second raises scores by 21.8 (16.4) points. The
effects of the two policies differ and neither corresponds to the estimates obtained by a
Two-Stage Least Squares regression that uses distance as an instrument (25.1 and 14.6
points for math and Spanish, respectively), highlighting the importance of adopting
a framework allowing for heterogeneous treatment effects and self-selection as we do
in this paper. These policy-relevant treatment effects show that further expansions of
this already-widespread program would cause gains in test scores.

We additionally show how the MTE framework can be used to conduct distribu-
tional analysis, and we estimate the causal effects of telesecundarias on two promi-
nent divisions in Mexico: the gap in test scores between rural and urban students and
between students who speak Spanish at home and those who speak an indigenous
language. Our distributional treatment effects show that the rural-urban test score
gap would be 142% larger in math and 43% larger in Spanish if all students were to
attend traditional schools. Similarly, the Spanish-Indigenous language test score gaps
would be 40% larger in math and 16% larger in Spanish. These distributional treat-
ment effects reveal that, not only do telesecundarias improve educational outcomes
in Mexico, they do so in a way that reduces persistent educational inequities across
different subgroups of the population.

Our study has several main contributions. First, we combine the value-added
and MTE frameworks to evaluate the quality of distinct educational alternatives, and
we are the first to document that telesecundarias have significant causal effects on aca-
demic achievement relative to traditional schools. In addition, we know of no other
papers in the education literature in which the marginal treatment effect can be non-
parametrically identified and precisely estimated over its entire support. We compute
all treatment parameters and the effects of counterfactual policies using our semipara-
metric estimates of the MTE.” These estimates are precise both because of the large size
of the sample (over 120, 000 observations) and the predictive power of the instrument,

which induces significant variation in the probability of attending a telesecundaria.

"We estimate a marginal treatment effect, MTE(X,Up) that is parametric in X and nonparamet-
ric in Up. We use the term “nonparametric identification” to refer to identification of MTE(X,Up)
with respect to Up and “semiparametric estimate” to refer to estimates obtained via the semiparametric
function, MTE(X,Up).



The semiparametric approach provides assurance that our estimated treatment pa-
rameters are not biased by a subpopulation with markedly different treatment effects
who are especially likely (or unlikely) to attend telesecundarias.® Finally, we show
how the MTE framework can be used to conduct distributional analysis, and we find
that telesecundarias have significant causal effects on reducing educational inequality
in Mexico.

This paper proceeds as follows. Section II describes the relevant literature to
which our paper contributes, while section III provides information on secondary
schooling in Mexico. Section IV describes the model and empirical strategy, section
V describes the data, and section VI presents our main empirical results. Section VII
presents estimates of counterfactual and distributional treatment effects and explores

potential mechanisms behind telesecundarias’ effectiveness. Section VIII concludes.

II. Related Literature

Our paper contributes to three interrelated branches of the literature on education
in economics. The first strand evaluates the effectiveness of new educational technolo-
gies, while the second uses the MTE framework to evaluate educational policies, and
the third analyzes telesecundarias directly.

Bianchi, Lu, and Song (2020) analyze an educational technology in western China
that is similar to telesecundarias. Exploiting the differential rollout of a large-scale dis-
tance education initiative across space and time in a difference-in-differences (DiD)
design, they find that exposure to computer-aided learning raises math and Chinese
skills by 0.18 and 0.23 standard deviations, respectively. Relative to their paper, we ex-
amine the effect on educational outcomes after a year of attendance rather than seven
to ten years later, we allow for the choice of school to be nonrandom, we demon-
strate the extent of heterogeneity in educational outcomes for students with various
probabilities of enrolling in distance education, and we compute counterfactual and
distributional treatment effects.

Several recent papers evaluate experimental interventions that combine new edu-
cational technologies with traditional learning methods in developing countries. Mu-
ralidharan, Singh, and Ganimian (2019) analyze a program that provides a personal-

®In this paper, the common support of propensity scores for treated and control units is the full
[0, 1] interval. Whenever this condition is not satisfied, treatment parameters that require full support,
like ATE, TT, and ATU, cannot be nonparametrically identified. This means that estimates of these pa-
rameters based on a parametric MTE may be biased by a subpopulation outside the region of common
support which has treatment effects different from those inside the region of common support.



ized computer-aided learning software to students in Delhi, India for ninety minutes
each day after school. They find that the technology, which identifies each students’
skill level in math and Hindi and then asks skill-appropriate questions, causes dra-
matic gains in both math and Hindi proficiency, of 0.60 and 0.39 standard deviations,
respectively, on tests administered after ninety school days of exposure.

Beg et al. (2019) use data from two randomized controlled trials (RCTs) in Pak-
istan and find that the combination of high quality videos with in-person teaching
raises student performance on standardized tests. In another RCT, Johnston and Ksoll
(2017) find that a similar program in Ghana, which broadcasts live instruction from
experts into rural schools, has a positive impact on test scores. Given the positive
findings on distance education, it is perhaps surprising that this low-cost alternative
is not prevalent in developing countries and rural areas around the world. Our paper
validates these findings from RCTs by conducting analysis of a longstanding distance
education policy using observational data and a framework that allows for nonran-
dom school choice.

Earlier work on the interaction of technology and education is surveyed in three
excellent reviews by Bulman and Fairlie (2016), Escueta et al. (2017), and Rodriguez-
Segura (2020). Bulman and Fairlie (2016) distinguish between educational interven-
tions that provide supplements versus alternatives to the existing educational curricu-
lum. Most educational interventions offer some learning technology to a treatment
group without an offsetting reduction in resources, a practice that favors finding a
positive effect of the technology. It is therefore not surprising that we estimate treat-
ment effects for telesecundarias that are of a similar magnitude as those in Beg et al.
(2019) and Johnston and Ksoll (2017) but are smaller than the supplemental interven-
tion analyzed in Muralidharan, Singh, and Ganimian (2019).

A second strand of literature related to our paper evaluates the effects of school-
ing using the MTE framework. Carneiro, Heckman, and Vytlacil (2011) analyze the
decision to attend college in the United States. They estimate positive treatment effects
of college attendance on income and uncover a pattern of positive sorting on gains,
whereby the return to the marginal student induced to attend college by policies that
expand college access is significantly lower than the return to the average student al-
ready attending college. Carneiro, Lokshin, and Umapathi (2017) find similar results
for the returns to attending secondary school in Indonesia using similar methods and
with distance to the nearest secondary school as the instrument. Cornelissen et al.
(2018) analyze the decision of parents to enroll their children in daycare in Germany,

and, contrary to the two previous papers, find a pattern of negative sorting on gains.



Students who are not enrolled in Germany’s universal child care program would ex-
perience increases in their readiness for primary school had they attended child care,
while those currently attending experience little benefit. An advantage of our paper
relative to this strand of literature is that we are able to nonparametrically identify the
MTE over its full support, and we estimate all our policy effects without strong as-
sumptions on the joint distribution of unobservables or on the shape of the MTE.” In
addition, we evaluate competing educational technologies by comparing value added,
and we extend the usefulness of the MTE framework by using it to conduct analysis
of the distributional consequences of policies.

Although telesecundarias are widespread and have existed for over fifty years in
Mexico, little research on their effectiveness exists. Recently, two papers have used
DiD designs to estimate the effect of proximity to telesecundarias on educational at-
tainment and labor market outcomes (Fabregas 2020, Navarro-Sola 2019). Both pa-
pers use data from the Mexican Census and thus lack information on student test
scores and the type of school attended. Even without this information, both papers
find that telesecundarias raise educational attainment and future income, although
the estimates in Navarro-Sola (2019) are substantially larger than those in Fabregas
(2020). Behrman, Parker, and Todd (2020) and Behrman et al. (2021) look at the impact
of conditional cash transfers on schooling trajectories and find that cash transfers pri-
marily raise schooling and educational achievement through increasing enrollment
in telesecundarias. Our contribution to the literature on telesecundarias is through
demonstrating their significant causal effects on student learning. Our results suggest
that the causal effects of telesecundarias on the labor market found in earlier works
stem not only from the extensive margin of educational attainment but also from the

intensive margin of academic performance conditional on staying in school.

III. Secondary Schooling in Mexico

Throughout the twentieth century, Mexico struggled to attract qualified teachers
to rural areas to instruct the millions of school-age children living there. Introduced
in 1968, telesecundarias were seen as a solution to this problem. Telesecundarias are
physical structures with four key scholastic components. The first is the television pro-
gram. Every subject begins with students watching fifteen minutes of a pre-recorded

televised lecture. Lectures for each subject are recorded in Mexico City by high-quality

?Sapelli and Vial (2002) conduct a similar analysis of the effects of private schools on test scores in
Chile. They estimate treatment effects using a generalized Roy Model, which assumes that unobserv-
ables have a multivariate normal distribution, without estimating the MTE curve directly.



instructors, so-called telemaestros, who are selected for their communication skills and
undergo extensive training. Considerable effort is made to ensure that the videos are
of high quality: The typical fifteen-minute televised lecture undergoes twenty days of
production time and costs $30,000-$50,000 (Calderoni 1998).

Following the video lectures, a single teacher leads students in a 35-minute lesson
on the same subject. The teacher does not specialize in a particular subject: Students
have the same teacher for all courses. This teacher follows a guide designed for telese-
cundaria teachers that is filled with suggestions for each subject. The 35 minutes are
spent in myriad ways, with the teacher leading question and answer sessions, engag-
ing students in group activities, and giving assignments for students to do on their
own.

The third educational resource is an encyclopedia-like book that contains the es-
sential information in each subject taught during that year. These books are similar
to textbooks in traditional secondary schools and are used by students as references
while doing their assignments. The final component of telesecundaria education is
the learning guide. Like a workbook, learning guides are filled with questions that
students can answer individually as well as suggestions for group activities that rein-
force learning. Class time is frequently devoted to doing assignments in the learning
guides.

The four main educational components — televised instruction, in-person teach-
ing, reference texts, and learning guides — are designed to be complementary. Stu-
dents evidently see them that way: Ethnographic research indicates that students see
each component as reinforcing the knowledge acquired through the televised lectures
(Estrada 2003).

Telesecundarias were first introduced in rural areas and predominate in Mexico’s
poorer South. While they have expanded into suburban and urban areas, students
from the South and from rural areas are still over-represented (see Table B-2). The
typical telesecundaria is a purpose-built structure with between three and nine class-
rooms, a library, restrooms, a science lab, and a playground. Students in telesecun-
darias and traditional schools attend school for the same number of hours per week
(30) and days per year (200). A reform in 1993 mandated schooling through grade
nine and resulted in increases in both the construction of new telesecundarias and
telesecundaria enrollment. We study the cohort of students who were in grade six in

2007 /08, after secondary schooling became compulsory.



IV. Model

A.  Student Achievement
We apply the potential outcomes framework of Rubin (1974) to a value-added

model of learning. Students can either attend a telesecundaria or a traditional
school.l? We define the random variable D, where D = 1 denotes attendance in a
telesecundaria and D = 0 denotes attendance in a traditional school. We study the
effects of telesecundaria attendance on two outcomes: math and Spanish test scores
in seventh grade. For each course C' € {Math, Spanish}, the potential outcomes Y;©
and Y,¢ correspond to the grade seven test score a student would achieve had she en-
rolled in a traditional or telesecundaria school, respectively. For ease of notation, we
will omit the C superscripts. The same causal model will be used for each of the two
outcomes.

We model test score outcomes and school choice according to the selection model
in Heckman and Vytlacil (2005):

Yi=XB+Uy, 1)
Yo = XBo+ Up, )
D=1(Zy>V), 3)

where X is a vector of observable characteristics influencing outcomes, Z is a vector of
observable characteristics influencing the choice of secondary school, and (Ui, Uy, V)
are unobserved by the econometrician. Students are assumed to know (Uy, Up, V') and
may act upon them. Equations (1) and (2) are value-added equations: X contains the
previous year’s test scores in both math and Spanish.!!

The effect of attending a telesecundaria relative to a traditional school on a stu-
dent’s test scores is given by Y; — Y{, and the average effect for individuals with a

"Mexico has three public secondary school types: General, Technical, and Telesecundaria. We con-
sider the choice between a traditional school (General/Technical) and a telesecundaria. Table B-1 in Ap-
pendix B reveals that General and Technical school have similar distributions of observable household
characteristics and student test scores in the seventh grade, so we believe that it is reasonable to consider
them as a single alternative for the purposes of evaluating learning in math and Spanish between the
sixth and seventh grades. However, the ensuing analysis goes through without modification if General
and Technical schools are treated as separate alternatives as long as the results are re-interpreted as the
causal effect of telesecundaria education relative to the next best alternative. We exclude the eight per-
cent of students who attend private school from the analysis. Students who drop out are also omitted
(six percent of the sample).

"The value-added framework admits a causal interpretation when the effects of time-varying invest-
ments on test scores decline geometrically with the time between when the investment was made and
when the test was taken (Boardman and Murnane 1979, Todd and Wolpin 2003).
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specific set of observable characteristics is ATE(X) = E[Y; — Yy|X = z]. The funda-
mental challenge in estimating any sort of treatment effect is that the econometrician
only observes one of the two potential outcomes, Y = Y, + D(Y; — Yp).

The instrument, Z, is an exclusion restriction that must simultaneously induce
variation in the choice of school conditional on the covariates, X, and have no direct
effect on the outcome variables. When Z is a sufficiently predictive instrument, as
in this paper, it can shift the probability of attending a telesecundaria continuously
between 0 and 1. Such a shift would cause even the most unlikely student to attend a
telesecundaria, thereby permitting a comparison of Y; and Y7 for all students.

The marginal treatment effect (MTE), introduced by Bjorklund and Moffitt (1987)
and extended in Heckman and Vytlacil (1999, 2001b, 2005, 2007), is the average treat-
ment effect for an individual at a particular margin of “resistance to treatment.” V, in
equation (3), represents this resistance to treatment. An individual with a higher V is,
on the basis of unobservables, less likely to attend a telesecundaria. As in Heckman
and Vytlacil (2005), we apply the following useful transformation to equation (3) to
obtain

D

1(Zy>V)
L(Fy(Zy) > Fy(V))
1(P(Z) > Up),

where P(Z) is the propensity score and Up ~ U|0, 1]. Following the transformation,
the MTE can be written as

MTE(z,up) =E[Y1 — Yo|X =z,Up = up] . 4)

The marginal treatment effect measures the average difference in outcomes at
telesecundarias relative to traditional schools for individuals with observable charac-
teristics x and latent resistance to treatment up.

B. Identification

The MTE is identified under the following assumptions, stated in Heckman and
Vytlacil (2005) and modified slightly to fit the notation presented here:

(A-1) Z is a nondegenerate random variable conditional on X.

(A-2) (Uy,U;,Up)llZ|X.
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(A-3) Up is absolutely continuous with respect to the Lebesque measure.
(A-4) E|Y1| and E|Yp| are finite.

(A-5) 1>P(D=1]X)>0.

Assumption (A-1) ensures that the instrument influences attendance in telesecun-
darias conditional on covariates, X, while (A-2) assumes that the instrument is ex-
ogenous in the sense that it is independent of unobservable variables in the selection
and outcome equations conditional on X. Assumptions (A-3) - (A-5) are technical as-
sumptions that are satisfied in our setting. Under these assumptions, MTE(X,Up)
is nonparametrically identified by the Local Instrumental Variables (LIV) estimand
(Heckman and Vytlacil 2001a):

OE[Y|X =z, P(z) = p)
Op p=up

= MTE(z,up) . &)

The LIV estimand shows that the marginal treatment effect at each value of the
latent resistance to treatment, Up, is identified by individuals who are indifferent be-
tween being treated and not, because when p = Up, the individual is on the knife
edge between participating and not participating.

C. Parameters of Interest

A large class of parameters corresponding to the effect of telesecundaria atten-
dance on schooling outcomes can be written as weighted averages of the marginal
treatment effect. In this paper we are interested in AT E(X), as well as the average
effect of treatment on the treated, 77'(X) = E[Y; — Yy | X = z, D = 1], the average
effect of treatment on the untreated, TUT(X) = E[Y1 — Yy | X = z,D = 0], and
various treatment effects corresponding to the effects of never-before implemented
policies. These Policy-Relevant Treatment Effects, first defined in Heckman and Vyt-
lacil (2001b), are defined for a shift from a pre-existing policy a to a new policy o’ and

provide a normalized effect of the policy change:

E[Yy —Y, | X = ]
PDy=1|X=2)-PD,=1|X=2) "

PRTE, .(X) = )

Any treatment parameter, including ATE, TT, TUT, and PRTE, , for policies a and
a’, can be computed by integrating the MTE with respect to the distribution of Up
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induced by the treatment parameter under consideration:

ATE = /MTE(X, Up)dF(X,Up),
T = /MTE(X, Up)dFy, x\p=1(z,up | D =1), )
TUT = /MTE(X, Up)dFy,, x|p=o(z,up | D =0) , (8)

PRTEa’,a = /MTE(Xa UD)dFUD,X|Da:0,Da/=1($)uD ‘ Da = OaDa’ = 1) . (9)

In the next section, we discuss the methods we use to integrate the MTE to obtain
these treatment parameters.

D. Estimation

Assumptions (A-1) - (A-5) require that MT E (X, Up) be estimated separately for
each X. When X is high-dimensional, as in our setting, MTE (X, Up) is only identi-
fied by the support of P(Z) given X. Even if the unconditional support of P(Z) is the
entire unit interval, supp(P(Z)) | X = z) may consist of only a few points. Since this
will be too few to estimate M T E(X, Up) with any degree of precision, we strengthen
assumption (A-2) to (A-2)":

(A-2)" (X, Z)1(U1,Uo,Up)

Assumption (A-2)" is standard in the literature estimating selection models. It has two
consequences. The first is that, together with the linear framework in equations (1)
and (2), it yields an MTE function that is additively separable in X and Up so that

MTE(X,Up) = X (81— Bo) + K(Up) .

An additional consequence of assumption (A-2)" is that MTE(X,Up) can now be
identified on the unconditional support of P(Z) rather than supp(P(Z) | X). The
cost of the assumption is that it restricts the pattern of selection on unobservables —
given by the shape of MTE(X,-) — to be the same across individuals with different
observable characteristics, X. It rules out the possibility that MTE(X,-) has a differ-
ent slope depending on the value of X (level shifts can be accommodated). Sensitivity
analysis in Appendix E conditions on subsamples defined by different variables in X.
Reassuringly, the shape of selection and the estimated treatment parameters do not
vary much across the different subsamples, suggesting that assumption (A-2)" is not

overly strong in our setting.
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We estimate the MTE using two methods: a fully parametric approach
that specifies the joint distribution of unobservables and a semiparametric ap-

proach that leaves the joint distribution of unobservables unspecified and estimates

OE|Y|X=x,P(z)=p]
Op

straightforward: We refer the reader to Appendix C for details. The semiparamet-

using local polynomial modeling. The parametric approach is

ric approach, the LIV estimator of Heckman and Vytlacil 2001a, involves estimating
8E[Y‘X:83;’P(z):p | using the partially linear model estimator of Robinson (1988). To un-
derstand this method note that assumptions (A-1), (A-2)’, (A-3) - (A-5), together with

the assumption that the outcome models in (1) and (2) are linear, yields a conditional

expectation function for Y that is linear in X and X P and nonlinear in the propensity
score, P:

EY[X ==, P(z) = p| =E[Yo + D(Y1 — Y0)|X =z, P(2) = p]
=XpBo+E[DX(B1 — Bo)|X =z, P(2) = p]+
E[Uo + D(Ur — Up)|X = z, P(2) = p]
=XBo+ PX(B1 — Bo) + K(P),

where K (P) is some nonparametric function of the propensity score. This form for
the conditional expectation means that the marginal treatment effect is given by

DK (P)
oP p=Up '

MTE(X,Up) = X(p1 = po) + (10)

The Robinson (1988) semiparametric estimator of (10) entails two steps. First, the
estimated propensity score, P, is partialed out of the other variables by running non-
parametric regressions of Y, X, and PX on P. Then the residualized Y is regressed
linearly on the residualized X and PX to obtain estimates of 3y and 1 — fy. In the sec-
ond step, the derivative of the conditional expectation of Y=Y-XB—-X P( By — Bo)

with respect of P is estimated nonparametrically to obtain an estimate of Mgl(jp).

All nonparametric regressions are estimated using local polynomial regression.
Following the recommendations in Fan and Gijbels (1996), we use local linear regres-
sion to estimate the conditional expectations in the first stage and local quadratic re-

gression to estimate a[gj(jp) in the second stage. A single bandwidth, chosen using the

plug-in estimator of Fan and Gijbels (1996), is used for all nonparametric regressions.
This bandwidth, which aims to minimize the Integrated Mean Square Error (IMSE)
in the final nonparametric regression, depends negatively on the function’s curvature

(second derivative) and on the density of the data, and positively on the conditional
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Figure 1
Treatment Parameter Weights
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The figure shows the distribution of weighting functions used to construct three standard treatment
parameters. The average treatment effect (ATE) integrates the MTE with respect to the unit uniform
distribution. The average effect of treatment on the treated (TT) integrates the MTE with respect to the
distribution of Up conditional on attendance in telesecundarias, fy,,, x|p=1(z,up | D = 1), while the
average effect of treatment on the untreated (TUT) integrates the MTE with respect to the distribution
of Up conditional on attendance in traditional schools, fy,, x|p=o(z,up | D = 0).

variance of the outcome variable. The plug-in method selects a bandwidth of 0.317.
We estimate treatment parameters by integrating the semiparametric
MTE(X,Up) with respect to the appropriate distributions in equations (7) - (9)
using the simulation method introduced in Carneiro, Lokshin, and Umapathi (2017).
The simulation approach, which is only valid under assumption (A-2)’, involves cre-
ating an equally-spaced grid for Up for each individual and averaging MTE(X,Up)
for the values of Up on the grid that are less than that individual’s propensity score,
P(Z), for TT, greater than that individual’s propensity score for TUT, and between
P(Z,) and P(Z,) for PRTE, ,. Figure 1 displays the densities used to compute
ATE, TT, and TUT, plotted as a function of Up. The figure shows that ATE uniformly
samples individuals with all levels of Up, while TT oversamples individuals with

low Up, and TUT oversamples individuals with high Up.
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V. Data

We examine the cohort of students who were in the sixth grade in 2007/08, and
combine data on them from three different sources. The first is an administrative
data set comprising the universe of student scores on the ENLACE exams in math
and Spanish. The ENLACE exams, administered to Mexican schoolchildren in grades
three through nine between 2006 and 2013, test end-of-year academic knowledge in
math, Spanish, and a rotating third subject. They are low-stakes exams, with no bear-
ing on a student’s GPA, graduation, or admissions to higher education. The exams
were designed to have a mean of 500 and a standard deviation of 100 in their first year
of implementation, but exam scores were not re-standardized in subsequent years.
They are scored using item response theory, which allows improvements in test scores
to be interpreted as learning gains. In addition to test scores, the ENLACE data con-
tains information on the age, gender, conditional cash transfer status, school atten-
dance, school ID, and school type for each student.

We link the ENLACE data with information on student, parent, and school char-
acteristics from a random sample of schools. These surveys provide detailed informa-
tion on parental education, monthly family income, home infrastructure, number of
siblings, and other household characteristics. The combination of the ENLACE data
with the secondary school surveys produces an exceptionally rich data set that is rep-
resentative of the population of Mexican schoolchildren.

We combine these two data sources with information on the latitude and longi-
tude of each primary and secondary school and calculate the distance (in kilometers)
between the primary school each student attends and the nearest secondary school of
each type. We subtract the distance to the nearest traditional school from the distance
to the nearest telesecundaria to obtain a measure of relative distance. This relative
distance measure serves as an exclusion restriction that affects the choice of school,
D, but does not affect outcomes, Y; and Y, directly. While it might be preferable
to measure distance from the student’s actual home (rather than primary school) to
each secondary school, this would rely on information that is not present in any of
our sources. In the next section, we show that the instrument we construct is highly
predictive of attendance in telesecundarias.

Figure 2 presents the distribution of the instrument by school attendance. A nega-
tive value on the z-axis indicates that a telesecundaria is closer, while a positive value
indicates that a traditional school is closer. The figure reveals that students mostly

attend the school that is closer, but when the two schools are equally close (relative
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Figure 2
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The figure plots a histogram of the instrumental variable by treatment status. Control units refer to students
in traditional schools, while treated units refer to students in telesecundarias. The instrument is the difference
between two measures of distance. The first is the distance from the student’s primary school to the nearest
telesecundaria, while the second is the distance from the student’s primary school to the nearest traditional
school. Relative distance is negative whenever telesecundarias are closer.

distance = 0), many more students attend traditional schools.

We impose minimal sample selection criteria. First, we eliminate the roughly
six percent of students who drop out between the sixth and seventh grades.!> We
also eliminate the eight percent of students who attend private schools. There is little
overlap in the distributions of family income for students who attend private schools
versus telescundarias, so we do not consider private school to be a feasible alterna-
tive for the vast majority of Mexican schoolchildren who are considering attending
a telesecundaria. We remove students from three states — Guerrero, Michoacan, and
Oaxaca — that have limited data on ENLACE exam scores. Administration of the EN-
LACE exams was opposed by the teachers unions in these states.

Finally, we omit from our analysis students whose relative distance measure lies
outside the middle 99% of the distribution and students who attend a secondary
school more than fifteen km from their primary school. This is done for two reasons.
First, we want to consider students who have a choice set consisting of two feasible al-

ternatives, and so we drop students with only one nearby school. Second, movements

2Gection VII. discusses how omitting dropouts influences the interpretation of treatment effects cor-
responding to counterfactual policies that increase access to telesecundarias.
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Table 2
Variables Used in Estimation

Variable | Definition

Y Math score in 7th grade, Spanish score in 7th grade.

Parent: Mother’s education, family income, Prospera status, rural resi-
dence, residence in Northern state, Spanish-speaking household, number

X of books in the home, whether the family has access to a computer.
Child: Math score in 6th grade, Spanish score in 6th grade, age, sex, num-
ber of siblings.

I\NX Relative distance between the nearest telesecundaria and the nearest tradi-

tional school.

to a distant school district, if they are done with knowledge of (Uy, Up), could violate
assumption (A-2)". We end up with a sample of 122, 689 students.

Table 2 lists the outcome variables (Y), covariates (X), and the instrumental vari-
able (Z\ X) that we use in our empirical analysis. Apart from the outcome variables,
sixth grade test scores, age, number of siblings, and the instrument, all variables are
categorical.

Table B-2 in Appendix B presents summary statistics for these variables by school
type. The table reveals that students who attend telesecundarias are disadvataged ac-
cording to a wide range of metrics relative to students who attend traditional schools.
They are disproportionately beneficiaries of the conditional cash transfer program
Prospera, they come from poorer household with less educated mothers, and they
fare worse academically in the year prior to secondary school.!* Nevertheless, they
make up over half of the gap in Spanish and nearly the entire gap in math relative to

their peers at traditional secondary schools after just a year of secondary school.

A. Is Relative Distance a Valid Instrument?

Identification of the marginal treatment effect requires that the instrument satisfy
assumptions (A-1) and (A-2)". The first assumption, that relative distance predict at-
tendance in telesecundarias conditional on observable covariates, X, is easily verified.
Table 3 displays the average marginal effects of each variable in the propensity score

model on the probability of attending a telesecundaria (estimated via probit). The av-

BThe conditional cash transfer program in Mexico began in 1997 and has been has been called PRO-
GRESA, Oportunidades, and Prospera. The main educational component of the program is a cash trans-
fer that families receive if their child is enrolled in school. Parker and Todd (2017) provide a review of
the literature on the effects of conditional cash transfer in Mexico and conclude that it has been effective
in increasing school enrollment, reducing grade retention, and increasing educational attainment.
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erage marginal effect of relative distance is an increase of 3.4% in the probability of
attendance per kilometer, and it is highly significant.

The second assumption, that the instrument be independent of unobservable
variables in the outcome and selection equations (U, Uy, V'), is more difficult to verify.
In what follows, we discuss potential threats to instrumental exogeneity.

Since our specification controls for lagged test scores in addition to family and
child characteristics, any threats to instrumental exogeneity must be caused by a cor-
relation between relative distance and unobserved time-varying determinants of stu-
dent outcomes that occur between the sixth and seventh grades. Such a correlation
could occur if parents knew their child’s realizations of U; and Uy and moved to be
closer to the school with the higher unobserved outcome. As discussed in the pre-
vious section, we drop from the sample any children who attend a secondary school
more than fifteen kilometers from their primary school in an effort to eliminate this
threat to exogeneity.

Another threat to identification could occur if distance traveled to school directly
caused worse academic performance, perhaps through fatigue or a reduced ability to
concentrate. To alleviate this concern, we analyze an augmented specification that
controls for the distance actually traveled to secondary school in outcome equations
(1) and (2). In this case, identification of the MTE is achieved by variation in the
distance to the school that is not attended. The results of this augmented specification,
presented in Appendix E, differ minimally from our main results.

Finally, the MTE can only be nonparametrically identified where the propensity
score has positive support for both treated and untreated individuals. The region of
common support in this paper, depicted in Figure 3, is the full [0, 1] interval, owing
to both the large sample size and the strong instrument. Each decile of the propen-
sity score’s distribution contains over 350 treated and control individuals, permitting

precise estimation of the MTE at both the interior and boundaries of its support.

VI. Empirical Results

A. Main Findings

This section presents the main findings of the paper. Figure 4 shows the estimated
MTEs for seventh grade math scores evaluated at mean values of X. The parametric
and semiparametric MTEs are plotted side-by-side with 90% confidence bands in grey.
Figure 5 repeats the analysis with Spanish as the outcome variable. In both figures,

the horizontal axis measures the latent variable, Up, while the vertical axis measures
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Table 3
Propensity Score Model

Average Derivative Standard Error

Relative Distance -0.0341 (0.0004)
Math Score (6th Grade) -0.0060 (0.0010)
Spanish Score (6th Grade) -0.0110 (0.0010)
Age 0.0148 (0.0010)
Siblings 0.0041 (0.0003)
Female 0.0035 (0.0014)
Prospera 0.0269 (0.0015)
Computer -0.0221 (0.0017)
Rural Residence 0.0189 (0.0017)
Northern State -0.0452 (0.0028)
Speaks Language other than Spanish at Home 0.0058 (0.0024)
Family Income : Low -0.0114 (0.0017)
Family Income : Medium -0.0164 (0.0020)
Family Income : High -0.0185 (0.0027)
Mother’s Education : Middle -0.0160 (0.0017)
Mother’s Education : Secondary -0.0298 (0.0024)
Mother’s Education : Post-Secondary -0.0091 (0.0046)
Books in the Home : 20 -0.0103 (0.0016)
Books in the Home : 50 -0.0177 (0.0022)
Books in the Home : >100 -0.0109 (0.0029)

The table shows the average marginal effects of each variable in the propensity score
model for telesecundaria attendance. The instrument, relative distance, is computed as
the difference between two distance measures. The first is the distance from the student’s
primary school to the nearest telesecundaria, and the second is the distance from the
student’s primary school to the nearest traditional school. Relative distance is negative
whenever telesecundarias are closer. All other variables are included in the outcome
models for seventh grade test scores. The omitted category in each of Family Income,
Mother’s Education, and Books in the Home is the lowest one. Computer is a binary
variable that equals one if the student has access to a computer at home. Standard errors
are calculated via 250 bootstrap replications.
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Figure 3
Estimated Propensity Score by Treatment Status
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The figure plots histograms of estimated propensity scores by treatment status. Control refers to
students in traditional schools, while treated refers to students in telesecundarias. The propen-
sity score models telesecundaria attendance as a function the child’s sixth grade math and Spanish
scores, age, sex, number of siblings, the mother’s education, family income, number of books in the
home, family access to a computer, Prospera status, rural residence, residence in a Northern state,
whether the family speaks Spanish at home, and the relative distance between the nearest telese-
cundaria and nearest traditional school. Relative distance is the difference between the distance
from the student’s primary school to the nearest telesecundaria and the distance from the student’s
primary school to the nearest traditional school. The propensity score model is estimated via probit.
The figure shows that the common support of propensity scores across treated and control units is
the full [0, 1] interval.

the expected benefit to attending a telesecundaria relative to a traditional school for
students with that level of Up, E[Y; — Yy|X = Z,Up = up|. The MTEs in both figures
are precisely estimated.

The semiparametric figures reveal a pattern of negative sorting on gains. Students
who, on the basis of unobservables, are most likely to attend telesecundarias (low
Up) experience value added that is indistinguishable from zero for both math and
Spanish. As Up increases, students are less likely to attend telesecundarias but their
benefits from attendance increase significantly. This increase is monotonic for math,
but nonmonotonic for Spanish. The Spanish MTE reaches a local minimum near Up =
0.35. From this point onward, as Up increases, average benefits decrease in Spanish
and stay roughly constant in math until about Up = 0.75, after which there are large

(but noisy) gains to telesecundaria attendance in both math and Spanish. Both MTEs
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Figure 4
Marginal Treatment Effect: Math
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The dependent variable in the outcome equation is the raw score on the seventh grade ENLACE
math exam. The outcome equations include controls for sixth grade math and Spanish scores, the
age, sex, and number of siblings of the child, family income, mother’s education, the number of
books in the home, whether the family has access to a computer at home, and dummies for rural
residence, residence in a Northern state, speaking a language other than Spanish at home, and par-
ticipation in the conditional cash transfer program Prospera. The school choice model includes the
same controls and also includes the relative distance between the nearest telesecundaria and nearest
traditional secondary school as an exclusion restriction. The school choice model is estimated via
probit. The parametric MTE is estimated using a two-step Least Squares method that controls for
selection on unobservables. The semiparametric MTE is estimated using Local Quadratic Regression
and an Epanechnikov kernel with a bandwidth of 0.317. The bandwidth is chosen to minimize the
Integrated Mean Square Error in the final stage of estimation. Both MTEs are evaluated at the mean
value of the covariates, X = . Ninety percent confidence intervals are computed via nonparametric
bootstrap with 250 draws.

show that the treatment effects are nonnegative for all values of Up and larger for
those values of Up that make students less likely to attend.

Tables 4 and 5 present estimates of standard treatment parameters for math and
Spanish, respectively. All treatment parameters are positive, underscoring the find-
ings from the MTE curve that telesecundaria attendance is beneficial for a large ma-
jority of students. Standard errors reveal that the treatment parameters are precisely
estimated and are significant at conventional levels of significance. The semiparamet-
ric estimate of the ATE for math indicates that a randomly selected student would
be expected to perform 36.7 points better in mathematics in the seventh grade had
she attended a telesecundaria instead of a traditional school. As the standard devi-
ation on the 7th grade math ENLACE exam is 100.7, this represents an increase of
0.364 standard deviations. The estimates of TT (27.5 points) are smaller than those of
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Figure 5
Marginal Treatment Effect: Spanish
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The dependent variable in the outcome equation is the raw score on the seventh grade ENLACE
Spanish exam. The outcome equations include controls for sixth grade math and Spanish scores,
the age, sex, and number of siblings of the child, family income, mother’s education, the number of
books in the home, whether the family has access to a computer at home, and dummies for rural
residence, residence in a Northern state, speaking a language other than Spanish at home, and par-
ticipation in the conditional cash transfer program Prospera. The school choice model includes the
same controls and also includes the relative distance between the nearest telesecundaria and nearest
traditional secondary school as an exclusion restriction. The school choice model is estimated via
probit. The parametric MTE is estimated using a two-step Least Squares method that controls for
selection on unobservables. The semiparametric MTE is estimated using Local Quadratic Regression
and an Epanechnikov kernel with a bandwidth of 0.317. The bandwidth is chosen to minimize the
Integrated Mean Square Error in the final stage of estimation. Both MTEs are evaluated at the mean
value of the covariates, X = . Ninety percent confidence intervals are computed via nonparametric
bootstrap with 250 draws.

TUT (38.8 points), reinforcing the finding of negative sorting on gains for math. These
numbers indicate that the average student currently attending a telesecundaria gains
0.273 standard deviations while the average student currently attending a traditional
school would gain 0.385 standard deviations on the math ENLACE exam if she were
to attend a telesecundaria. The semiparametric estimates of ATE, TT, and TUT for
Spanish are 23.0, 17.3, and 24.3 points, which represent 0.230, 0.173, and 0.243 stan-
dard deviations, respectively. These estimates, while smaller than those for math, are
significantly different from zero. In addition, while the Spanish MTE is nonmono-
tonic, the finding that TT<ATE<TUT indicates that the pattern of sorting on gains is
primarily negative. Appendix D shows that this negative pattern is statistically signif-
icant and offers two possible explanations that are consistent with the data and with

perceptions of schools in Mexico. Sensitivity analysis in Appendix E shows that our
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Table 4
Estimated Treatment Effects: Math

Parametric Semiparametric

Estimate Standard Error Estimate Standard Error
Average Treatment Effect 35.5 (1.79) 36.7 (2.47)
Treatment on the Treated 30.5 (1.48) 27.5 (1.88)
Treatment on the Untreated 36.7 (1.91) 38.8 (2.81)

The table displays three treatment parameters corresponding to the effect of telesecun-
daria attendance on raw scores on the seventh grade math ENLACE exam. The three
treatment parameters are obtained by integrating the MTE with respect to the densities
displayed in Figure 1. The simulation method of Carneiro, Lokshin, and Umapathi (2017)
is used to integrate the semiparametric MTE. Standard errors are obtained by 250 boot-
strap replications.

results are unlikely to be biased by unobserved confounders.

The semiparametric estimates of treatment parameters for Spanish are noticeably
higher than the parametric estimates. The parametric approach forces the MTE curve
to be monotonic and therefore does a worse job of fitting the MTE for Spanish, in
which there is more evidence of nonmonotonicity, than for math. Parametric esti-
mates for math are quite similar to the semiparametric estimates, owing to the fact
that math’s parametric MTE curve is well-centered between the maxima and minima
of the semiparametric MTE curve. Even when parametric estimates differ little from
the semiparametric estimates, this does not detract from the usefulness of conducting
the semiparametric analysis we do here. Rather, estimating treatment effects semi-
parametrically is often the only way of evaluating whether parametric assumptions

bias our inference on the effectiveness of telesecundarias.

B. Impacts on Enrollment

Our analysis shows that telesecundarias have significant causal effects on stu-
dent learning between the sixth and seventh grades. One might naturally expect that
they also have positive effects on other outcomes that are correlated with test scores.
Navarro-Sola (2019) shows that the expansion of telesecundarias caused significant
increases in labor market earnings and an increase in formal labor force participation
at the expense of employment in the agricultural and informal sectors. While we do
not have labor market data, we do follow students through the ninth grade, which is

the final year of secondary school and the final year of compulsory education. Since
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Table 5
Estimated Treatment Effects: Spanish

Parametric Semiparametric

Estimate Standard Error Estimate Standard Error
Average Treatment Effect 18.5 (1.80) 23.0 (2.66)
Treatment on the Treated 17.5 (1.46) 17.3 (2.08)
Treatment on the Untreated 18.7 (1.93) 24.3 (3.00)

The table displays three treatment parameters corresponding to the effect of telesecun-
daria attendance on raw scores on the seventh grade Spanish ENLACE exam. The three
treatment parameters are obtained by integrating the MTE with respect to the densities
displayed in Figure 1. The simulation method of Carneiro, Lokshin, and Umapathi (2017)
is used to integrate the semiparametric MTE. Standard errors are obtained by 250 boot-
strap replications.

telesecundarias have positive effects on student learning, it is reasonable to expect that
they would also reduce rates of dropout, and this is exactly what we find.

We replicate our main analysis with a dependent variable that equals one if the
student attends school in the ninth grade and zero otherwise. Our sample conditions
on students who enroll in secondary school, so this analysis answers the following
question: Conditional on enrolling in secondary school, does enrollment in telese-
cundarias cause an increase in the probability of attending school in the ninth grade
relative to attendance in traditional secondary schools?

We answer this question by estimating a semiparametric MTE and integrating
it to compute treatment parameters.!* Figure 6 displays the estimated MTE for this
analysis. The bandwidth, 0.317, is the same as in the main analysis. There are two
important findings from the figure. First, the MTE displays a pattern of nonmonotic
selection: Students who are the most likely to attend telesecundarias, on the basis of
having low values of Up, experience larger causal effects on the probability of en-
rolling in the ninth grade than do students who have a moderate likelihood of at-
tending telesecundarias. Students whose unobservables make them least likely to
attend telesecundarias also experience increases in the probability of attending the
ninth grade. Second, the figure reveals that the average causal effect of telesecundaria
attendance on ninth grade enrollment is nonnegative for nearly all values of Up.

Table 6 presents estimates of ATE, TT, and TUT for the effect of telesecundaria

“The parametric model is misspecified in the case of a binary outcome.
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Figure 6
Marginal Treatment Effect: Ninth Grade Enrollment
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The dependent variable in the outcome equation is a binary variable that equals one if the individ-
ual enrolls in the ninth grade and zero otherwise. The outcome equations include controls for sixth
grade math and Spanish scores, the age, sex, and number of siblings of the child, family income,
mother’s education, the number of books in the home, whether the family has access to a computer at
home, and dummies for rural residence, residence in a Northern state, speaking a language other than
Spanish at home, and participation in the conditional cash transfer program Prospera. The school
choice model includes the same controls and also includes the relative distance between the nearest
telesecundaria and nearest traditional secondary school as an exclusion restriction. The school choice
model is estimated via probit. The MTE is estimated semiparametrically using Local Quadratic Re-
gression and an Epanechnikov kernel with a bandwidth of 0.317. The MTE is evaluated at the mean
value of the covariates, X = . Ninety percent confidence intervals are computed via nonparametric
bootstrap with 250 draws.

attendance on ninth grade enrollment. These are computed by integrating the semi-
parametric MTE with respect to the relevant densities in Figure 1. The average treat-
ment effect of telesecundaria attendance on ninth grade completion is 3.6 percentage
points. The average effect is larger for the treated than the untreated, 7.2 versus 2.8
percentage points. The mean of the depedendent variable, which represents the prob-
ability of enrolling in the ninth grade conditional on attending secondary school, is
0.915. The MTE curve in Figure 6 and the treatment parameters in Table 6 show that,
among students who enroll in any type of secondary school, telesecundarias have a
positive causal effect on educational attainment. This is consistent with a story in
which telesecundarias cause improvements in academic performance, which in turn

makes dropout less likely.
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Table 6
Estimated Treatment Effects: Ninth Grade Enrollment

Estimate Standard Error
Average Treatment Effect 0.036 (0.0080)
Treatment on the Treated 0.072 (0.0076)
Treatment on the Untreated 0.028 (0.0091)
Mean : 9th Grade Enrollment 0.915

The table displays three treatment parameters corresponding to the effect
of telesecundaria attendance on ninth grade enrollment. The three treat-
ment parameters are obtained by integrating the semiparametric MTE for
ninth grade enrollment with respect to the densities displayed in Figure 1.
The simulation method of Carneiro, Lokshin, and Umapathi (2017) is used
to integrate the MTE. Mean 9th grade enrollment is estimated conditional
on attending secondary school for at least one year. Standard errors are ob-
tained by 250 bootstrap replications.

VII. Counterfactuals

The finding of a pattern of negative sorting on gains suggests that policies that
can expand access to telesecundarias will raise test scores in Mexico in relation to the
status quo. We therefore evaluate the effects of two counterfactual policies that are
likely to induce more children with high latent resistance to treatment (high Up) to
switch from traditional secondary schools to telesecundarias.

The effects of counterfactual policies can be evaluated by integrating the MTE
with respect to the probability distribution induced by the proposed policy. A base-
line policy, a, is characterized by a particular distribution of the instrument, Z¢. The
move from policy a to a new policy o’ corresponds to a shift in the distribution of the
instrument from Fz. to F ... This shift induces some students to attend telesecun-
darias who would not otherwise attend. The treatment effect for students induced to
switch attendance from traditional schools to telesecundarias as a result of the policy
is given PRTE, ,, which is positive if these students learn more at telesecundarias
than at traditional schools.
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A. Increasing Access to Telesecundarias

We consider a class of counterfactual policies that expand access to telesecun-
darias so that the relative distance to them decreases for all students, Z¢ < Z%. As
our sample omits individuals who drop out between the sixth and seventh grades,
we will not be able to say anything about the distribution of test scores for students
who are induced to attend telesecundarias instead of dropping out as a result of the
counterfactual policy. Our PRTE estimates apply only to the population of students
who were already attending secondary school under the baseline policy in 2008. We
measure only the achievement effects, not the enrollment effects, of each policy.15 We
acknowledge that enrollment effects may be significant, although they are bounded
above by the 6% of students who dropped out between the sixth and seventh grades
in 2008 (Table B-1).

We consider two counterfactual policies. The first is a hypothetical policy that re-
duces the relative distance to telesecundarias by five km for every student. This policy,
which would entail moving traditional schools farther away for students whose near-
est telesecundaria is under five km, is infeasible but provides an instructive example
of the gains to a policy that can drastically raise telesecundaria attendance.

The second counterfactual is a feasible school-building policy that constructs a
telesecundaria directly adjacent to the eighteen percent of primary schools that have
no telesecundaria within a five km radius. This has the effect of reducing the distance
between primary schools and telesecundarias to zero for all students who formerly
had only a distant telesecundaria.

Figure 7 displays the probability distributions of Up corresponding to these two
treatment parameters. The first counterfactual induces a probability distribution un-
like any of the other treatment parameters: The distribution is considerably less
skewed than TT and has the most mass around Up = 0.30. As a result, it oversamples
individuals with relatively large values of E[Y; —Y} | Up] and produces a large positive
value for PRTE. The distribution corresponding to the second counterfactual is closer
to the distribution for TT. Relative to TT, it oversamples individuals with low Up and
undersamples those with high Up. The figure also shows the weights corresponding
to a Two-Stage Least Squares regression that uses relative distance as an instrument

for telesecundaria attendance. The IV weights do not correspond to either of the PRTE

15A revealed preference argument demonstrates that no students will transition from dropping out
to attendance in traditional schools as a result of the policy. The counterfactual policy, however, may in-
duce students to transition from dropout to telesecundarias. The treatment effects we estimate therefore
pertain to the set of students attending secondary school under the status quo.
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Figure 7
Counterfactual Treatment Parameter Weights

Parameter
— IV
— PRTE1

Density

— PRTE2

—

0.00 0.25 0.50 075 1.00
Up

The figure shows the distribution of weighting functions used to construct estimates of Policy-
Relevant Treatment Effects (PRTEs) for two policies discussed in section VII. as well as the weights
induced by traditional IV, which uses relative distance as an instrument for telesecundaria attendance.
PRTEL1 corresponds to the weights induced by a counterfactual policy that reduces relative distance
between telesecundarias and traditional secondary schools by five km. PRTE2 corresponds to the
weights induced by a counterfactual policy that constructs telesecundarias adjacent to all primary
schools that do not have a telesecundaria within a five km radius. The IV weights are positive every-
where but do not correspond to any of the counterfactuals under consideration.

weights, nor do they correspond to the weights for ATE, TT, or TUT, highlighting the
importance of using the MTE to conduct counterfactual analysis.

Table 7 presents estimates of the PRTEs for both math and Spanish alongside
the IV estimate from a Two-Stage Least Squares regression with relative distance to
telesecundarias as the excluded instrument. All parameters are precisely estimated
and statistically significant at conventional levels of significance. We find that the first
policy causes a 35.5 point increase in mean math scores and a 23.8 point increase in
mean Spanish scores in the seventh grade. The second policy also causes improve-
ments, but they are smaller, 21.3 points for math and 16.4 points for Spanish, owing
to the less dramatic nature of the policy. The IV estimate for math, 25.1 points, lies
in the middle of the treatment effects of the two counterfactual policies, while the IV
estimate for Spanish, 14.6 points, falls below the two PRTEs.

The results underscore the positive academic gains that can result from policies
that make telesecundarias more accessible. In addition, the considerable variation

across our many estimated treatment effects validates our approach of estimating
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Table 7
Counterfactual Treatment Effects

PRTE1 PRTE2 v
Math 35.5 21.3 25.1
(1.96) (3.13) (1.42)
Spanish 23.8 16.4 14.6
(1.99) (3.91) (1.44)

The table displays treatment parameters corresponding to two counterfactual
policies discussed in section VII. PRTE1 corresponds to a counterfactual pol-
icy that reduces relative distance between telesecundarias and traditional sec-
ondary schools by five km. PRTE2 corresponds a counterfactual policy that
constructs telesecundarias adjacent to all primary schools with no telesecun-
daria within a five km radius. PRTE1 and PRTE2 are calculated using the semi-
parametric MTE combined with the simulation method of Carneiro, Lokshin,
and Umapathi (2017). Standard errors for these two treatment parameters are
displayed in parentheses and are obtained by 250 bootstrap replications. The
IV estimates are obtained by a Two-Stage Least Squares regression that uses
relative distance as an instrument for telesecundaria attendance.

MTE curves for math and Spanish and using them to forecast specific policies rather
than relying on IV for policy evaluation.

B. Distributional Treatment Effects

Many societies are characterized by deep cleavages, of geography, race, or lan-
guage. In what follows we show how the MTE can be used to evaluate the distribu-
tional consequences of policies for a particular division. We apply this approach to
estimate the effect of telesecundarias on two important divisions in Mexico: the test
score gaps between rural and urban students and between those who speak Spanish
at home and those who speak another language.

Let the random variable G € {0, 1} denote the subdivision to which an individual
belongs (rural versus urban, for example). We estimate the effect of telesecundarias
on the test score gap for the division defined by G by considering a counterfactual
policy that eliminates telesecundarias. The causal effect of telesecundarias on the test

score gap, TEC, is the difference between the gap under the status quo policy, a, and
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the new policy, ¢’
TEC =E[Y*|G=1-E[Y*|G=0—{E[Y” |G=1]-E[Y* |G=0]}. (1)

We can write TE® as a function of the average treatment effect on the treated and the

probability of obtaining treatment for each separate subgroup as follows:

TEY =E[Yp + D*(Y1 - Yp) | G = 1] = E[Yo + D*(Y1 - Yp) | G = 0]

{E[Yo + D¥ (Y1 = Yo) | G =1] = E[Yo + D (V1 - Yo) | G = 0]}
=E[D*(Y1 - Y)) |G =1] -E[D*Y1 - Yp) | G =0]—

{E[D” ("1 = Yo) | G = 1] —E[D" (Y1 ~ Yo) | G = 0]}

=E[D*(Y1 - Yy) | G =1] - E[D*(Y1 - Yp) | G = 0]

=E[Y1 - Yy |G=1,D*=1P(D*=1|G =1)—

E[Yi — Yy |G=0,D*=1]P(D* =1| G =0), (12)
where the third quality follows because D% = 0 for everyone when telesecundarias
are eliminated, and the fourth equality follows from the law of iterated expectations.
Equation (12) makes clear that telesecundarias can reduce the test score gap in two
ways: the first through unequal treatment effects across different values of G, and the
second through differential treatment probabilities.

We estimate distributional treatment effects for two prominent divisions in Mex-
ico, between rural and urban residents and between students who speak Spanish at
home versus those who speak an indigenous language. Table 8 shows both the size
of the gaps and the distributional treatment effects for these two divisions. All distri-
butional treatment effects are computed by integrating the MTE curves for math and
Spanish with respect to the densities of (X, Up) conditional on G, f(X,Up | G). The
table shows that the urban-rural test score gap in math is 10.8 points, or 0.107 stan-
dard deviations, but that it would be 15.3 points larger (142%) if telesecundarias were
eliminated. The corresponding gap for seventh grade Spanish scores is 18.7 points, or
0.187 standard deviations, and it would be 8.0 points larger (43%) in the absence of
telesecundarias. These differences are statistically significant.

The gap in test scores between students who speak Spanish at home versus those
who speak an indigenous language is 15.5 points in math and 22.7 points in Spanish.
We find that telesecundarias also cause statistically significant reductions in these test

score gaps. The gaps would be 6.2 points (40%) larger in math and 3.7 points (16%)
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Table 8
Distributional Treatment Effects

Math Spanish
Gap Treatment Effect Gap Treatment Effect
Urban - Rural 10.8 15.3 18.7 8.0
(1.10) (1.07)
Spanish - Indigenous  15.5 6.2 22.7 3.7
(1.20) (0.40)

The table shows the effects of telesecundarias on reducing the test score gaps

between urban and rural residents and between students who speak Span-
ish at home and those who speak an indigenous language at home. The
dependent variables are raw scores on the seventh grade math and Span-
ish ENLACE exams. A positive treatment effect indicates that the test score
gap would be larger in the absence of telesecundarias. This analysis condi-
tions on the set of students who currently attend secondary school. It does
not consider how the elimination of telesecundarias might cause differential
rates of dropout in telesecundarias relative to traditional schools. The treat-
ment effects are obtained by integrating the semiparametric MTE with respect
to the density of (X,Up) conditional on the urban, rural, Spanish-speaking,
and indigenous-speaking subsamples, respectively. The simulation method
of Carneiro, Lokshin, and Umapathi (2017) is used to integrate the MTE. Stan-
dard errors, in parentheses, are obtained by 250 bootstrap replications.

larger in Spanish if telesecundarias were eliminated. Hence, not only do telesecun-
darias improve educational outcomes for the students who attend them, they do so

in an equitable way by reducing the rural-urban and Spanish-Indigenous test score
gaps.
C. Mechanisms

Telesecundarias offer a bundle of characteristics — televised lectures, in-person
teaching, and standardized reference texts and learning guides — and it would be a
mistake to attribute all the positive gains documented in this paper to the lectures
alone. In addition, this paper has documented the effectiveness of telesecundarias
relative to a specific alternative, that of traditional secondary education in Mexico. In
this section we explore probable mechanisms that could explain why telesecundarias
are an effective learning technology in Mexico.

One set of potential explanations for the effectiveness of telesecundarias stems
from the challenges of providing high quality traditional education in many parts of
Mexico. An initial justification for introducing telesecundarias was the existence of a

shortage of qualified secondary school teachers who were willing to work in remotes
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areas, a shortage that persists to this day (Navarro-Sola 2019). This means that the
feasible traditional alternatives for many students who attend telesecundarias will
likely have teachers who are poorly trained in comparison with the telemaestros.

An additional reason why the telesecundaria model may be effective in Mexico is
that traditional secondary schools suffer from considerable teacher absenteeism. Ab-
sent teachers often mean that students have no one to teach them a particular lesson
that day.!'® Our data, which contain the responses of principals to a wide range of
questions concerning their schools, reveals that absenteeism is a regular occurrence.
Overall, only 56% of principals state that absenteeism is rare or never a problem, but
the incidence of absenteeism varies markedly by the type of secondary school. Figure
8 shows the distribution of responses to the principal survey for the schools in our
data. The figure shows that principals at telesecundarias are much less likely to con-
sider teacher absenteeism a problem at their schools in comparison with principals at
traditional secondary schools. One cause of telesecundarias’ effectiveness may be that
their students spend more time exposed to educational content and less time with no
supervision.!”

Apart from reasons stemming from the Mexican context, telesecundarias may
also be effective due to intrinsic features of the program. The lectures are of uniformly
high quality. The teaching materials and student learning guides are also uniform
across schools, which can be an advantage wherever there is high variation in local
teacher quality and teacher preparedness.!® Lastly, because the lessons are delivered
via satellite according to a pre-set schedule, students at telesecundarias are exposed
to the entire curriculum planned for that school year. Classrooms at schools across the
world often lag behind the anticipated pace of the curriculum, so that by the end of
the year some students have not been exposed to material that the state expects them
to know. Some of the gains of telesecundaria students relative to traditional students
on the ENLACE exams may simply be due to exposure to more of the material tested

!%Chaudhury et al. (2006) document high rates of teacher absenteeism across a range of developing
countries. They explain that, in contrast to high-income nations, there are rarely substitutes to replace
absent teachers in low-income nations, and students typically go home, wander aimlessly around the
school, or join another class (which may be in a different subject or a different grade) when their teacher
is absent.

"Duflo, Hanna, and Ryan (2012) find that reductions in teacher absenteeism have large effects on
student learning.

¥Variation in teacher quality is large across the developing world, with UNESCO (2016) reporting
that the percentage of secondary school teachers who lack basic training is above 80% in 30 of 73 coun-
tries reporting data after 2012. Bau and Das (2020) document that primary school teachers in rural Pak-
istan have nearly as high a standard deviation on an exam designed for primary school students as the
students themselves (0.87 versus 1.00) and that a nonneglible fraction of teachers score below the top
students.
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Figure 8
Absenteeism in Secondary Schools
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The figure reports the fraction of responses by secondary school principals to the question “How
often is teacher absenteeism a problem at your school?" Responses are disaggregated by school type,
red for traditional secondary schools and blue for telesecundarias.

on the exam.

There is some evidence that the effectiveness of telesecundarias varies with stu-
dent ability. All students benefit from the high quality of the lectures, the standardized
teaching materials, and on-time exposure to the full curriculum. There may, however,
be costs of telesecundarias that vary with student ability. A cost for high ability stu-
dents may be that they are unable to ask more advanced questions that could enrich
their understanding and that a specialized teacher could answer. Low ability stu-
dents may instead need more personalized forms of instruction that do not fit into the
telesecundaria lesson plans but that a teacher with experience in the field may be able
to impart. Consistent with these explanations, we find that students who enter sec-
ondary school with average scores in the sixth grade are particularly likely to benefit
from telesecundarias. Table 9 presents estimated treatment effects from our semipara-
metric model applied to three separate samples determined by conditioning on each
tercile of sixth grade math scores. The table shows that students in the middle tercile
of sixth grade scores experience the greatest gains in both math and Spanish from at-
tending telesecundarias. While the treatment effects for all groups are positive, the
information in the table suggests that telesecundarias are a learning technology that
may be best aimed at the median student.
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Table 9
Average Treatment Effects by Tercile of Sixth Grade Scores

Math Spanish
ATE Standard Error ATE Standard Error
Bottom Third 35.4 (4.12) 23.8 (3.61)
Middle Third 46.7 (4.89) 30.9 (3.55)
Top Third 41.8 (6.06) 25.2 (5.25)

The table shows treatment parameters corresponding to the effect
of telesecundaria attendance on raw scores on the seventh grade
math and Spanish ENLACE exams. The treatment effects for both
math and Spanish condition on the tercile of sixth grade ENLACE
scores in math. The average treatment effect (ATE) is obtained by
averaging MTE(X,Up) over the values of X for individuals in
each subsample and the unit uniform distribution for Up. Standard
errors, in parentheses, are obtained through 250 bootstrap replica-
tions.

VIII. Conclusion

In this paper we evaluate the effectiveness of a long-running distance learning
program in Mexico. Our empirical approach, which combines value-added modeling
with the MTE framework, simultaneously allows for rich heterogeneity in treatment
effects and lets us isolate the degree of student learning that is directly attributable
to attendance in telesecundarias. We find evidence of considerable heterogeneity in
value added in math and Spanish caused by attending telesecundarias but that nearly
all students benefit. The gains are large and correspond to a 0.365 standard devia-
tion increase in math scores and a 0.229 standard deviation increase in Spanish scores
after a single year of attendance. Our counterfactual simulations suggest that telese-
cundaria expansions would yield positive academic dividends, with the magnitude of
these policy effects varying with the degree to which the policies make telesecundarias
more accessible. Furthermore, we show that, by providing a high-quality alternative
to students with initially low academic skills, telescundarias reduce educational in-
equality in Mexico. Since telesecundarias are cheaper than traditional schools, the
benefits of sending a child to a telesecundaria instead of a traditional school would
exceed its costs regardless of the assumptions used in any cost-benefit analysis.

While COVID-19 caused many school districts to hastily move existing lesson
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plans online and students to Zoom in from home, telesecundarias show that distance
education can take different forms than the pandemic model. Based on the findings
presented in this paper, we believe that the telesecundaria model can be an effective
learning technology, especially when a few preconditions are met. In areas with low
and variable teaching quality and high rates of teacher absenteeism, a combination
of high quality video instruction, in-person supervision, and standardized teaching
materials may help students, particularly those with abilities near the median of the
distribution, learn more. Such a technology, which could be offered at a low per-unit
cost by either governments or private entities, likely causes additional benefits not
analyzed in this paper. We’ve provided evidence that, by raising knowledge, telese-
cundarias also raise educational attainment. Standard theories of human capital, as
in Becker (2009) and Ben-Porath (1967), predict that this would have causal effects on
earnings later in life. Finally, by raising the level of knowledge in isolated regions
of Mexico, telesecundarias may help to raise a new generation of teachers that can

alleviate the shortage this program was initially designed to address.
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Appendices

A. Analysis of Cheating and Differential Test-Taking

In this section, we show that the pattern of test scores shown in Table 1 is unlikely
to be affected by either differential rates of cheating or differential rates of test-taking
across school types.

The ENLACE exams are low-stakes, but the Secretariat of Education (SEP) nev-
ertheless attempted to reduce cheating in a number of ways. External administrators
oversaw the administration of the exam at each school. Teachers were forbidden from
supervising students taking the exams, and exams were graded at a central location.
Whenever possible, test-takers were arranged so that they sat adjacent to students
in different grades who were taking different exams (de Hoyos, Estrada, and Vargas
2021).

In addition, the SEP developed a statistical tool to determine whether students
were likely to have cheated on the exam. This method, the k-index method, identifies
students in the same testing location with the same number of correct answers. For
all these students, the k-index is calculated as the probability that a group of students
have n; identical incorrect answers given that they have n, total incorrect answers.
Students with a k-index value below a particular threshold are marked as likely hav-
ing copied.

We find that cheating is slightly more prevalent at telesecundarias than traditional
schools, although rates of copying are low at both schools: 1.41% (1.11%) of students
at telesecundarias (traditional schools) are deemed to have cheated on their 7th grade
exams. When we replicate the means in Table 1 among students who have not cheated,
we find nearly identical results.

We next consider whether there are differential rates of test-taking across school
types. A pattern whereby students at telesecundarias improve their scores relative to
students at traditional schools could occur even in the absence of increased learning
at telesecundarias if low-performing students at these schools were less likely to sit
the exams. In Table A-2, we investigate this possibility by running several probit
regressions. The dependent variable is a binary variable that takes the value of one
if a student who is enrolled in the seventh grade sits the ENLACE exam and zero
otherwise. In column (1), we include only a dummy for telesecundaria attendance.
Column (2) adds controls for students’ standardized sixth grade math and Spanish

scores. Column (3) includes interactions between telescundaria attendance and sixth
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Table A-1
Mean Scores on Exams, by School Type

Math Spanish
All  Traditional Telesecundaria Difference All  Traditional Telesecundaria Difference
Grade6 521.1 530.7 484.0 -46.7 516.1 526.5 476.0 -50.4
Grade7 499.7 501.2 494.0 -7.20 499.5 503.4 484.2 -19.2
Grade 8 508.3 504.9 521.6 16.7 477.0 479.0 469.1 -9.90
Grade9 5243 518.5 546.6 28.1 499.5 501.1 493.3 -7.70

The table shows mean scores on the math and Spanish ENLACE exams for public school students in Mexico who
are presumed to not have cheated on the exam. Grade 6 is primary school. Starting in grade 7, public school students
attend either traditional secondary schools or telesecundarias. The standard deviations on the math ENLACE exams
are 118.3,98.1, 101.2, and 116.4 in grades 6, 7, 8 and 9, respectively, for this sample. The standard deviations on the
Spanish ENLACE exams are 103.9, 97.5, 105.8, and 98.1 in grades 6, 7, 8 and 9, respectively.

grade test scores, and column (4) includes additional controls for the student’s age,
number of siblings, sex, prospera status, family income, mother’s education, number
of books in the home, and whether the family has access to a computer.

The results in column (1) show that students who attend telesecundarias are no
more or less likely to sit the seventh grade ENLACE exam. Adding covariates for
prior exam scores in math and Spanish reveals that telesecundaria students are actu-
ally more likely to sit the exams than are students at traditional schools, conditional on
past academic performance. Column (3) shows that, for students who attend telese-
cundarias, the effect of scoring an additional standard deviation higher on their sixth
grade math exam is to increase the probability of sitting the seventh grade exam by 0.7
percentage points. Scoring one standard deviation higher on the Spanish sixth grade
exam has an average effect of reducing the probability of sitting the exam by 1.4 per-
centage points. These effects are small given the large change in scores considered,
and they are opposite in sign. As a result, we believe it is unlikely that differential
exam-sitting at telesecundarias relative to traditional schools can explain the large

gains in test scores for telescundaria students documented in Table 1 in the main text.
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Table A-2
Probability of Sitting Seventh Grade ENLACE Exam

Average Derivative

1) (2) (3) 4)

Tele 0.0033  0.0130  0.0100  0.0244
(0.0019) (0.0020) (0.0021) (0.0025)
Math Score (6th Grade) 0.0005 -0.0012 -0.0019
(0.0013) (0.0014) (0.0014)
Spanish Score (6th Grade) 0.021 0.0235  0.0187
(0.0014) (0.0015) (0.0015)
Tele x Math 0.0076  0.0073
(0.0029) (0.0030)
Tele x Spanish -0.0141  -0.0157
(0.0029) (0.0029)

Controls No No No Yes
N 145065 145065 145065 145065

The table shows the average marginal effect of telesecundaria atten-
dance on the probability of sitting the seventh grade ENLACE exam.
The sample is our main estimation sample augmented with individu-
als who are known to have attended secondary school in the seventh
grade but for whom no score is observed. The dependent variable is
a binary variable that equals one if the student sits the seventh grade
ENLACE exam and zero otherwise. Tele equals one if the student
is enrolled in a telesecundaria and zero otherwise. Sixth grade math
and Spanish scores on the ENLACE exams are measured in standard
deviations. Controls include age, number of siblings, sex, prospera
status, family income, mother’s education, number of books in the
home, and an indicator for whether the family has access to a com-
puter. Standard errors are calculated via 250 bootstrap replications.
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B. Additional Tables and Figures

Table B-1
Summary Statistics by Secondary School Type

General Technical Telesecundaria Dropped

Proportion of Cohort 0.49 0.27 0.17 0.06
Mean Math Score (7th Grade) 512.3 503.8 4949 -

Mean Spanish Score (7th Grade)  515.2 505.6 4849 -

Mean Math Score (6th Grade) 542.6 533.5 484.4 453.8
Mean Spanish Score (6th Grade)  540.8 527.5 476.3 4514
Fraction Female 0.51 0.50 0.50 0.50
Mean Age (2008) 11.9 11.9 12.2 12.8
Fraction Prospera 0.13 0.19 0.66 0.40

The table displays characteristics of students who attend each of three secondary school types — General,
Technical, and Telesecundaria — as well as students who drop out. The sample size for this table is
N = 186,483. Based on information presented in this table, we consider General and Technical schools
as a single alternative for the purposes of estimating value added between the sixth and seventh grades.
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Table B-2
Summary Statistics

Telesecundaria Traditional
Mean S.D. Mean S.D.

Math Score (7th grade) 496.6 (98.2) 5035 (98.2)
Spanish Score (7th grade) 4874 (97.1) 5055 (96.9)
Math Score (6th grade) 4885 (110.8) 536.0 (117.8)
Spanish Score (6th grade) 480.4 (95.6) 531.8 (102.6)
Relative Distance -5.08 (4.06) 299 (3.58)
Age 1217 (0.81) 1191 (0.60)
Siblings 3.68 (240) 240 (1.67)
Prospera 0.65 (048) 016 (0.37)
Female 051 (0.50) 0.51 (0.50)
Computer at Home 0.13 (0.33) 042 (049)
Rural Residence 0.67 (047) 0.09 (0.29)
Northern State 0.05 (022) 029 (046)
Speaks Language other than Spanish at Home 0.16  (0.36) 0.04 (0.20)
Books in the Home : <10 071 (046) 047 (0.50)
Books in the Home : 20 0.18 (0.38) 0.26 (0.44)
Books in the Home : 50 0.07 (025) 016 (0.36)
Books in the Home : > 100 0.05 (021) 012 (0.32)
Mother’s Education : Primary 076  (043) 041 (049)
Mother’s Education : Middle 019 (0.39) 0.28 (045)
Mother’s Education : Secondary 004 (020) 023 (042)
Mother’s Education : Postsecondary 0.01 (0.11) 0.07 (0.26)
Income (Pesos/mo) : < 2500 056 (049) 023 (042
Income (Pesos/mo) : 2500-2999 027 (044) 030 (0.46)
Income (Pesos/mo) : 3000-7499 0.12 (032) 032 (047)
Income (Pesos/mo) : > 7500 0.04 (0200 015 (0.36)

The table displays summary statistics for outcome variables, covariates, and the
instrument — relative distance — for students in our estimation sample. The statistics
are broken down by the type of secondary school attended.
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C. Estimation of MTE and Treatment Effects under the Assumption of Joint

Normality

The fully parametric approach to estimating the MTE specifies the unobservables
in the selection and outcome equations as jointly normally distributed:

Uy 0 of 010 O1v
Uy | ~ N 0|, 0'(2) ooV
\% 0 1

Under these assumptions, the marginal treatment effect has the following simple func-

tional form:
MTE(X,up) = X (B1 — Bo) + (o1v — oov)®  (Up) .

We estimate the parameters 31, 8y, o1v, opv via a two-step method that first estimates
the propensity score via probit and then includes control functions in the outcome

equations as follows:

= X1 +o1v <—¢

¢<¢>1<P<z>>>> |

ZX50+0’0V( 1= P(Z)

After estimating (8o, 51, 00v, 01y ), we construct parametric estimates of common

treatment parameters as follows:

ATE = X(B1 — bo) ,

1 - $(@L(P(2)))
TT = fo ;Di [Xi(ﬁl — Bo) + (o1v — oov) <P(Z)ﬂ 7
N¢ .
TUT = -3 (1= D) [ Xi(51 — o) + (o — o) (LT |

=1

where D; = 1 if individual i attends a telesecundaria and 0 otherwise, and Ny (N¢)
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denotes the number of students attending telesecundarias (traditional schools). Stan-
dard errors for these treatment parameters are estimated via the nonparametric boot-
strap.
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D. Evidence of Sorting on Gains

A marginal treatment effect that is nonconstant in Up is evidence of a pattern of
sorting on gains. We test formally for evidence of selection using methods developed
in Heckman, Schmierer, and Urzua (2010). As explained in Heckman and Vytlacil
(2005), the Local Average Treatment Effect (LATE) introduced by Imbens and Angrist
(1994) is simply the integral of the MTE over a specific region of the domain of Up.
One way of testing for evidence of selection is to test whether LATEs defined by inte-
grating the MTE over different intervals of supp(Up) are equivalent. Tables D-1 and
D-2 display the results of these tests for math and Spanish, respectively. To perform
these tests, we partition the support of Up into 25 intervals of width 0.04 and test
whether the integrated MTEs on adjacent (but not overlapping) intervals differ. We
then test that all LATEs are jointly equal to each other. The tests are conducted by
using 250 bootstrapped data sets and computing simulated p-values under the null

hypothesis of equivalent LATEs.

Table D-1
Tests for Selection on Unobservables: Math

Range of Up, for LATE? (0,0.04)  (0.08,0.12) (0.16,0.2) (0.24,0.28) (0.32,0.36) (0.4, 0.44)
Range of Up for LATEI*1  (0.08,0.12) (0.16,0.2) (0.24,0.28) (0.32,0.36) (0.4,0.44) (0.48,0.52)
Difference in LATEs 22 9.50 6.28 0.71 -3.54 1.55
p-value 0.00 0.01 0.00 0.74 0.18 048

Range of Up for LATE?  (0.48,0.52) (0.56,0.6) (0.64,0.68) (0.72,0.76) (0.8,0.84) (0.88,0.92)
Range of Up, for LATEI*!  (0.56,0.6) (0.64,0.68) (0.72,0.76) (0.8,0.84) (0.88,0.92)  (0.96,1)

Difference in LATEs 2.84 -6.77 1.33 411 9.43 63.3
p-value 0.30 0.00 0.64 0.24 0.20 0.00
Joint p-value 0.000

The table shows the results of tests for equality of LATEs for math value added defined by adjacent and
non-overlapping regions of the domain of Up. Given an interval [L;, H;], the LATE for that interval is given
by LATEJ = E[Y; — Yy|X = X,L; < Up < Hj;], which is simply the average of the MTE between L; and
Hj evaluated at X = Z. p-values test the hypothesis that the difference between adjacent LATEs is equal to
zero. p-values are obtained by 250 bootstrap replications.

The tables reveal that many adjacent LATEs differ from one another and that,
jointly, the LATEs are not equal at conventional significance thresholds for either math

or Spanish. For example, the entry in column 1 of Table D-1 indicates that

E(Y; — Yp| X =7,0.08 < Up < 0.12) — E(Y; — Yp|X =7,0 < Up < 0.04) = 22.2
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Table D-2
Tests for Selection on Unobservables: Spanish

Range of Up, for LATE? (0,0.04)  (0.08,0.12) (0.16,02) (0.24,0.28) (0.32,0.36) (0.4, 0.44)
Range of Up for LATE/™  (0.08,0.12)  (0.16,0.2) (0.24,0.28) (0.32,0.36)  (0.4,0.44) (0.48,0.52)
Difference in LATEs 5.55 6.46 4.88 1.16 -0.626 -3.61
p-value 0.39 0.04 0.03 0.62 0.81 0.16

Range of Up for LATE? (0.48,0.52) (0.56,0.6) (0.64,0.68) (0.72,0.76) (0.8,0.84) (0.88,0.92)
Range of Up for LATE’™!  (0.56,0.6) (0.64,0.68) (0.72,0.76) (0.8,0.84) (0.88,0.92)  (0.96,1)

Difference in LATEs -5.03 -8.70 -0.18 3.62 17.80 50.90
p-value 0.04 0.00 0.94 0.37 0.02 0.00
Joint p-value 0.000

The table shows the results of tests for equality of LATEs for Spanish value added defined by adjacent and

non-overlapping regions of the domain of Up. Given an interval [L;, H;], the LATE for that interval is given
by LATE’ = E[Y1 — Yo|X = X,L; < Up < H,], which is simply the average of the MTE between L; and
Hj evaluated at X = 7. p-values test the hytpothesis that the difference between adjacent LATEs is equal to
zero. p-values are obtained through 250 bootstrap replications.

and that the p-value that this difference differs from 0 is p = 0.00. The joint p-value for
the test of the hypothesis that all LATEs are equivalent is p = 0.00 for both math and
Spanish. As a result of these tests, we reject the hypothesis of no selection on unob-
servables. Attendance in telesecundarias is correlated with unobserved determinants
of student achievement.

The pattern of reverse sorting that we find occurs when students who select into
the treatment benefit less than untreated students. Such a pattern cannot be explained
by a choice model in which individuals attend telesecundarias if Y7 > Yj, as in the
original Roy (1951) model. In this section we argue that the pattern of sorting we
uncover is consistent with both the existence of biased expectations and with families
basing their decisions on factors other than test score gains.

Recent papers that investigate the consequences of educational choices made
early in the child’s life have found evidence that parents often choose academically
inferior educational options for their children. Both Cornelissen et al. (2018) and
Ainsworth et al. (2020) find that a lack of information and inaccurate beliefs about
the relative quality of options available to the child can explain these findings. In
Mexico, the predominant view expressed in the media and bolstered by academic re-
search is that telesecundarias are of low quality (de Cossio 2007). Santos (2001) argues
that they are worse than traditional schooling options on the grounds that telesecun-

daria students perform worse academically in the cross section, a finding we confirm
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for the seventh grade. While this analysis fails to control for the relative deprivation
of students who attend telesecundarias, the perception of telesecundarias as lower
quality alternatives seems ingrained (Acta Educativa 2016). It is trivial to show that if
decision-makers have flipped expectations, for example if they based their decisions
on — (Y1 — Yp) rather than (Y7 — Y)), a pattern of reverse sorting will result.

We investigate this hypothesis by applying methods developed by Brinch,
Mogstad, and Wiswall (2017) to delve further into the source of reverse sorting. As

shown in this paper, we can rewrite the marginal treatment effect as
MTE(X,UD) :X(ﬁlfﬁo)ij‘l(UD)*ko(UD) , (D-1)

where k;(Up) = E[U;|Up] for j = 1,2. Here k;(Up) can be thought of as the average
unobserved match quality between students and telesecundarias for students with
a particular resistance to attending telesecundarias (given by Up). Similarly, ko(Up)
represents the unobserved match quality between students and traditional schools as
a function of the same resistance variable.

We estimate k1 (Up) and ko(Up) separately to determine whether the shape of the
MTE curve is determined primarily by variability in match qualities between students
and telesecundarias or between students and traditional schools. As shown in Heck-
man and Vytlacil (2007) and Brinch, Mogstad, and Wiswall (2017), k1 (Up) and ko(Up)
can be estimated using a control function approach on each of the D = 1 and D = 0
subsamples. Under Assumption (A-2)’,

EY;|X =,P(Z) =p,D = j] = XB; + K;(p) ,
for j = 0,1, where
Ki(p) =E (U1 |Up <p) ,
and
Ko(p) =E (Uo | Up >p) -

We can obtain k; and kg from K; and Ky using the following identities in Brinch,
Mogstad, and Wiswall (2017):

0K (p)
Op

ki(p) =p + Ki(p)
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Figure D-1
The Source of Reverse Selection
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The figure plots k1 (Up) = E[U:1 | Up] and ko(Up) = E[Us | Up]| evaluated at X = T on the vertical
axis against Up on the horizontal axis. U; is the child’s unobserved outcome in the equation for math
value added in telesecundarias. Uy is the child’s unobserved outcome in the equation for math value
added in traditional schools. Details on the estimation of k1 (-) and kq(-) are provided in Appendix B..

0Ko(p)
dp

ko(p) = —=(1 = p) + Ko(p) - (D-2)

Figure D-1 shows estimates of k; and k¢ for math as an outcome variable. Each
estimated curve, k; for j = 0, 1, is obtained via two semiparametric regressions on the
subsample with D = j. We compute the conditional expectation of Y — X 3; given
the estimated propensity score, p, using Local Linear Regression to obtain K;(p). We
then compute the derivative of the conditional expectation of Y — X 3; given p via
Local Quadratic Regression to obtain %ﬁ. k;j(p) is then obtained from the identities
in D-2. The bandwidth, 0.317, is the same as in the estimation of the MTE function in
Section VI

Figure D-1 demonstrates that variation in mean unobserved outcomes at telese-
cundarias, k1 (Up), and traditional schools, ky(Up), occur at opposite ends of the do-
main of Up. Students with low values of Up have a similar match quality at both
telesecundarias and traditional schools. However, as Up increases and students be-
come less likely to attend telesecundarias, the quality of the match at traditional
schools declines rapidly, while the match quality at telesecundarias stays roughly
constant. As Up increases still further, from 0.25 to 0.85, there is a steady increase
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in k1(Up), while ky(Up) remains constant. Then, for high values of Up, the quality
of the match at telesecundarias improves significantly as Up approaches values near
one.

Figure D-1 reveals that the pattern of reverse sorting is driven by variability in
outcomes at both telesecundarias and traditional schools. This pattern, which is not
unprecedented in the literature, is consistent with decision-makers having flipped ex-
pectations regarding the quality of telesecundarias, a scenario that is plausible based
on perceptions of their quality in Mexico.

An alternative explanation for the pattern of sorting is that families base their
decision on factors other than learning. The findings in section VI-B. of the main
text reveal that sorting on gains for ninth grade enrollment is nonmonotonic but
that estimates of treatment on the treated exceed those of treatment on the untreated
(TT>TUT). When choosing a school, families may therefore place more weight on ed-
ucational attainment than academic learning. A large literature, surveyed in Cunha
and Heckman (2007), documents the multiplicity of skills in explaining important life
outcomes. If a child’s idiosyncratic fit at a particular school type has a strong effect
on the noncognitive skills affecting grade progression, it could explain the large esti-
mates of TT for educational attainment along with the reverse sorting on gains for test

scores.
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E. Sensitivity Analysis

We now consider alternative specifications, including those designed to investi-
gate the validity of Assumption (A-2)” in the main text. Our main analysis omits from
the sample all children who attend a secondary school more than fifteen kilometers
from their primary school to eliminate the threat of endogeneity caused by families
who may move to be closer to a specific school based on their child’s realization of
(U1, Up).Y?

To further alleviate this concern, we replicate our analysis on subsamples com-
posed of individuals who are unlikely to change residence for the purpose of their
children attending a different school. These subsamples are the set of children living
in rural areas and the set of children whose parents earn under 2500 pesos per month
(approximately 220 USD in 2008). Table E-1 presents estimates of the ATE, TT, and
TUT for math ENLACE scores on these subsamples. In both subsamples, there is ev-
idence, consistent with our main results, of reverse selection given by the fact that
TT<ATE<TUT. Estimates of the treatment parameters are lower for the rural subsam-
ple than for the main sample (Table 4), which are in turn lower than the estimates for
the low income subsample. However, these differences are not statistically significant,
as 90% confidence intervals generated by the bootstrapped standard errors overlap for
all estimated parameters.

We find the same qualitative results for the subsample analysis with Spanish EN-
LACE scores as a dependent variable (Table E-2). A pattern of reverse sorting on
gains is found, and none of the estimated treatment parameters differ statistically from
those estimated in the main analysis. These results suggest that our main findings are
unlikely to be affected by families moving to take advantage of schools where their
children would have an unexpectedly good fit, as given by (Up, Uy).

If students must walk to school, as is common in many parts of Mexico, an addi-
tional concern may be that traveling long distances to school causes academic perfor-
mance to suffer. To alleviate concerns that the instrument is directly correlated with
academic outcomes, we augment our outcome equations, (1) and (2), with a measure
of the distance actually traveled to secondary school as an explanatory variable.

We find that including distance traveled to secondary school makes little differ-

YEvidence of behavior of this sort has been used to criticize the validity of distance to college as
an instrument in the United States (Cameron and Taber 2004, Carneiro and Heckman 2002), although
it is less of a concern in Mexico. The source of funding for secondary schools in Mexico — 79% from
the federal government with the remainder coming from state governments — reduces the incentive for
hyper-local sorting driven by differences in school budgets (OECD 2019).
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Table E-1
Subsample Analysis: Math

Rural Low Income
Estimate Standard Error Estimate Standard Error
Average Treatment Effect 28.5 (3.30) 38.6 (2.98)
Treatment on the Treated 22.6 (3.46) 27.2 (2.22)
Treatment on the Untreated 38.5 (4.37) 427 (3.55)

The table displays three treatment parameters corresponding to the effect of telesecun-
daria attendance on scores on the math ENLACE exam in the seventh grade for two sub-
samples. The subsamples are the set of children living in rural areas and the set of children
growing up in households earnings under 2, 500 pesos per month. We first estimate semi-
parametric MTEs that are specific to each subsample. The bandwidth, 0.317, is the same as
in the main sample. Then we calculate treatment parameters by integrating the subsample-
specific MTEs with respect to the corresponding densities for each subsample: f(X,Up),
f(X,Up | D =1),and f(X,Up | D = 0). The simulation method of Carneiro, Lokshin,
and Umapathi (2017) is used to integrate the semiparametric MTE. Standard errors are ob-
tained by 250 bootstrap replications.

ence in the estimated MTEs or treatment effects for math and Spanish. Figures E-1
and E-2 show that the estimated MTE curves for these specifications are very similar
to those in our main analysis. The similar point estimates of treatment parameters
(Tables E-3 and E-4) also reassure that our estimates of the causal effects of telesecun-
darias on learning are little affected by any correlation between the distance traveled
to secondary school and unobserved determinants of test scores.

Throughout the paper we have measured distance “as the crow flies.” We there-
fore conduct a final robustness check with a new instrument that is the relative dis-
tance between the nearest traditional and telesecundaria schools where distance is
measured along roads and paths by Google maps. In most cases, the use of this new
school measure does not cause a change in the identity of the nearest school of each
type, but, for a small percentage of students, the nearest school as measured by “trav-
eled distance” differs from the nearest school measured “as the crow flies.” Neverthe-
less, the estimates of the MTE curve and treatment parameters are little changed when
we use this alternative measure of “traveled distance.” We display the MTE curves for
this specification in Figures E-3 and E-4, and the treatment parameters in Tables E-5
and E-6. The MTE curves and the estimated parametric and semiparametric treatment
effects for math and Spanish do not differ significantly from our main estimates.
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Table E-2
Subsample Analysis: Spanish

Rural Low Income
Estimate Standard Error Estimate Standard Error
Average Treatment Effect 19.9 (3.16) 24.1 (2.57)
Treatment on the Treated 18.3 (3.48) 16.6 (2.30)
Treatment on the Untreated 225 (4.00) 26.8 (3.01)

The table displays three treatment parameters corresponding to the effect of telesecun-
daria attendance on scores on the Spanish ENLACE exam in the seventh grade for two
subsamples. The subsamples are the set of children living in rural areas and the set of chil-
dren growing up in households earnings under 2, 500 pesos per month. We first estimate
semiparametric MTEs that are specific to each subsample. The bandwidth, 0.317, is the
same as in the main sample. Then we calculate treatment parameters by integrating the
subsample-specific MTEs with respect to the corresponding densities for each subsample:
f(X,Up), f(X,Up | D =1),and f(X,Up | D = 0). The simulation method of Carneiro,
Lokshin, and Umapathi (2017) is used to integrate the semiparametric MTE. Standard er-
rors are obtained by 250 bootstrap replications.

Table E-3
Estimated Treatment Effects Controlling for Distance Traveled: Math

Parametric Semiparametric

Estimate Standard Error Estimate Standard Error
Average Treatment Effect 35.5 (1.85) 36.8 (2.48)
Treatment on the Treated 29.9 (1.55) 26.1 (1.87)
Treatment on the Untreated 36.8 (1.97) 39.2 (2.83)

The table displays three treatment parameters corresponding to the effect of telesecun-
daria attendance on raw scores on the seventh grade math ENLACE exam. It differs from
Table 4 in the main text in that this specification conditions on the distance actually trav-
eled to secondary school in the outcome equations. The three treatment parameters are
obtained by integrating the MTE with respect to the densities displayed in Figure 1. The
simulation method of Carneiro, Lokshin, and Umapathi (2017) is used to integrate the
semiparametric MTE. Standard errors are obtained by 250 bootstrap replications.
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Figure E-1
Marginal Treatment Effect Controlling for Distance Traveled: Math
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The dependent variable in the outcome equation is the raw score on the seventh grade ENLACE math
exam. The outcome equations include controls for sixth grade math and Spanish scores, the age, sex,
and number of siblings of the child, family income, mother’s education, the number of books in the
home, whether the family has access to a computer at home, the distance actually traveled to sec-
ondary school, and dummies for rural residence, residence in a Northern state, speaking a language
other than Spanish at home, and participation in the conditional cash transfer program Prospera.
The school choice model includes the same controls and also includes the relative distance between
the nearest telesecundaria and nearest traditional secondary school as an exclusion restriction. The
school choice model is estimated via probit. The parametric MTE is estimated using a two-step Least
Squares method that controls for selection on unobservables. The semiparametric MTE is estimated
using Local Quadratic Regression and an Epanechnikov kernel with a bandwidth of 0.317. Both
MTEs are evaluated at the mean value of the covariates, X = . Ninety percent confidence intervals
are computed via nonparametric bootstrap with 250 draws.
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Figure E-2
Marginal Treatment Effect Controlling for Distance Traveled: Spanish
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The dependent variable in the outcome equation is the raw score on the seventh grade ENLACE Span-
ish exam. The outcome equations include controls for sixth grade math and Spanish scores, the age,
sex, and number of siblings of the child, family income, mother’s education, the number of books in
the home, whether the family has access to a computer at home, the distance actually traveled to sec-
ondary school, and dummies for rural residence, residence in a Northern state, speaking a language
other than Spanish at home, and participation in the conditional cash transfer program Prospera. The
school choice model includes the same controls and also includes the relative distance between the
nearest telesecundaria and nearest traditional secondary school as an exclusion restriction. The school
choice model is estimated via probit. The parametric MTE is estimated using a two-step Least Squares
method that controls for selection on unobservables. The semiparametric MTE is estimated using Lo-
cal Quadratic Regression and an Epanechnikov kernel with a bandwidth of 0.317. Both MTEs are
evaluated at the mean value of the covariates, X = Z. Ninety percent confidence intervals are com-
puted via nonparametric bootstrap with 250 draws.
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Table E-4
Estimated Treatment Effects Controlling for Distance Traveled: Spanish

Parametric Semiparametric

Estimate Standard Error Estimate Standard Error
Average Treatment Effect 19.0 (1.84) 22.8 (2.67)
Treatment on the Treated 17.0 (1.54) 16.5 (2.06)
Treatment on the Untreated 19.5 (1.97) 242 (3.01)

The table displays three treatment parameters corresponding to the effect of telesecun-
daria attendance on raw scores on the seventh grade Spanish ENLACE exam. It differs
from Table 5 in the main text in that this specification conditions on the distance actually
traveled to secondary school in the outcome equations. The three treatment parameters
are obtained by integrating the MTE with respect to the densities displayed in Figure 1.
The simulation method of Carneiro, Lokshin, and Umapathi (2017) is used to integrate the
semiparametric MTE. Standard errors are obtained by 250 bootstrap replications.

Table E-5
Estimated Treatment Effects with “Traveled Distance” IV: Math

Parametric Semiparametric

Estimate Standard Error Estimate Standard Error
Average Treatment Effect 36.1 (1.80) 34.1 (2.70)
Treatment on the Treated 31.2 (1.48) 26.6 (2.10)
Treatment on the Untreated 37.1 (1.93) 35.7 (3.02)

The table displays three treatment parameters corresponding to the effect of telesecun-
daria attendance on raw scores on the seventh grade math ENLACE exam. It differs from
Table 4 in the main text in that this relative distance measure is computed by differenc-
ing the distances measured along roads and paths to the nearest secondary school of each
type. The three treatment parameters are obtained by integrating the MTE with respect to
the densities displayed in Figure 1. The simulation method of Carneiro, Lokshin, and Uma-
pathi (2017) is used to integrate the semiparametric MTE. Standard errors are obtained by
250 bootstrap replications.
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Figure E-3
Marginal Treatment Effect with “Traveled Distance” IV: Math
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The dependent variable in the outcome equation is the raw score on the seventh grade ENLACE math
exam. The outcome equations include controls for sixth grade math and Spanish scores, the age, sex,
and number of siblings of the child, family income, mother’s education, the number of books in the
home, whether the family has access to a computer at home, the distance actually traveled to sec-
ondary school, and dummies for rural residence, residence in a Northern state, speaking a language
other than Spanish at home, and participation in the conditional cash transfer program Prospera. The
school choice model includes the same controls and also includes the relative distance as measured
along roads and paths between the nearest telesecundaria and nearest traditional secondary school
as an exclusion restriction. The school choice model is estimated via probit. The parametric MTE is
estimated using a two-step Least Squares method that controls for selection on unobservables. The
semiparametric MTE is estimated using Local Quadratic Regression and an Epanechnikov kernel
with a bandwidth of 0.317. Both MTEs are evaluated at the mean value of the covariates, X = 7.
Ninety percent confidence intervals are computed via nonparametric bootstrap with 250 draws.
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Figure E-4
Marginal Treatment Effect with “Traveled Distance” IV: Spanish
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The dependent variable in the outcome equation is the raw score on the seventh grade ENLACE Span-
ish exam. The outcome equations include controls for sixth grade math and Spanish scores, the age,
sex, and number of siblings of the child, family income, mother’s education, the number of books in
the home, whether the family has access to a computer at home, the distance actually traveled to sec-
ondary school, and dummies for rural residence, residence in a Northern state, speaking a language
other than Spanish at home, and participation in the conditional cash transfer program Prospera. The
school choice model includes the same controls and also includes the relative distance as measured
along roads and paths between the nearest telesecundaria and nearest traditional secondary school
as an exclusion restriction. The school choice model is estimated via probit. The parametric MTE is
estimated using a two-step Least Squares method that controls for selection on unobservables. The
semiparametric MTE is estimated using Local Quadratic Regression and an Epanechnikov kernel
with a bandwidth of 0.317. Both MTEs are evaluated at the mean value of the covariates, X = 7.
Ninety percent confidence intervals are computed via nonparametric bootstrap with 250 draws.
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Table E-6
Estimated Treatment Effects with “Traveled Distance” IV: Spanish

Parametric Semiparametric

Estimate Standard Error Estimate Standard Error
Average Treatment Effect 20.5 (1.64) 21.0 (2.72)
Treatment on the Treated 18.9 (1.45) 16.6 (2.02)
Treatment on the Untreated 20.8 (1.74) 21.9 (3.06)

The table displays three treatment parameters corresponding to the effect of telesecun-
daria attendance on raw scores on the seventh grade Spanish ENLACE exam. It differs
from Table 5 in the main text in that this relative distance measure is computed by differ-
encing the distances measured along roads and paths to the nearest secondary school of
each type. The three treatment parameters are obtained by integrating the MTE with re-
spect to the densities displayed in Figure 1. The simulation method of Carneiro, Lokshin,
and Umapathi (2017) is used to integrate the semiparametric MTE. Standard errors are ob-
tained by 250 bootstrap replications.
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