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ABSTRACT

Electrification and Educational Outcomes in Rural Peru’

We study the effects of electrification on educational outcomes in Peru by taking advantage
of a program that rapidly increased electricity coverage in rural areas. Using household
survey panel data from 2007-2010, we document that: i) girls living in treated districts are
more likely to be enrolled in school, and this effect is larger among younger girls; ii) this
positive effect on female enrollment does not translate into higher attendance rates; iii)
households in treated areas spend more money on younger girls’ education. In addition, we
use school-level panel data from 2007-2012 on Math and Reading test scores to show that
treatment is associated with a reduction in learning. But, among treated schools, longer
treatment exposure increases scores in Reading for boys and girls; and improves
performance in Math, only among boys. Finally, our estimates are robust to controlling for
other confounding interventions.
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1 Introduction

Infrastructure projects have regained attention among policy makers as they
can be used to foster economic development in rural areas. This renewed
interest has translated into a recent increase of empirical studies that analyze
the effects of different infrastructure interventions on development indicators
(see Banerjee et al. 2013 for roads construction in China; Aker 2010 for
telecommunications in Niger; and Estache 2010 for a recent review on impact
evaluations of infrastructure projects).

In this paper, we examine the effects of rural electrification on educational
outcomes in Peru. The Peruvian case is relevant for two reasons. On the
one hand, student learning in Peru remains at dismal levels despite fast
macroeconomic growth and improvements in social indicators (e.g. poverty
reduction). Low learning levels are reflected, for instance, on international
assessments in which Peru ranks among the worst performing countries in
numeracy and literacy (e.g. PISA 2009, 2012). On the other hand, in 2006
less than 40 percent of rural households had access to electricity. However,
by 2012 electricity coverage was almost 70 percent due to the fast expansion
of an electrification program known as PER - Programa de Electrificacion
Rural. As many other developing countries face similar challenges in both
education and electricity coverage, our study can provide some light on how
these two variables are related to each other.

Access to electricity can affect educational outcomes through different
channels. In fact, we should distinguish between: i) access at home, and
ii) access at school. Children who have electric light at home are benefited
with better illumination during the night, and have the possibility to use
electronic devices such as computers that may facilitate learning. Electricity,
however, can also reduce time devoted to studying if, for instance, it increases
the demand for leisure (e.g. kids start watching TV). Access to electricity
at school can impact learning through better learning environments (e.g.
amenities, information and learning technologies) which may be useful to
both students and teachers.

Our findings can be summarized as follows. Using household panel data,
we find that access to electricity has no effect on boys’ educational outcomes.
However, treatment increases female school enrollment, as well as the amount
of money spent on girls” education. Additionally, using school panel data on
Math and Reading national standardized tests, we show that treated schools
have lower test scores than non-treated schools. But, among treated schools,
longer treatment exposure increases scores in Reading for boys and girls; and
improves performance in Math, only among boys. Our results are robust to
controlling for other two interventions (a conditional cash transfers program



and “One Laptop Per Child”) that took place in rural districts during the
study period.

The rest of the paper proceeds as follows. Section 2 reviews the related
literature. Section 3 describes the rural electrification program. Section 4
details our data sets. Section 5 outlines the empirical strategy. Section 6
presents main results and robustness checks. Section 7 offers concluding
remarks.

2 Related Literature

The literature on the impacts of school interventions on educational outcomes
has been recently reviewed by Kremer and Holla (2009), and Glewwe et al.
(2011). The former focus on randomized evaluations in developing countries
while the latter review studies with both experimental and non-experimental
designs. Since we are not aware of interventions that have randomized access
to electricity, we follow the latter and briefly summarize four studies related
to our paper, but not covered in such reviews.

From 1990 to 2010, 6 out of 79 reviewed studies in Glewwe et al. (2011)
provide estimates for the effects of electrification on test scores. Based on
the empirical methods of each study, the authors divide their 79 papers into:
i) 36 regular studies (3 on electrification), and ii) 43 high-quality studies (3
on electrification). Among the 3 regular studies, the estimated coefficients
on electricity access are mostly positive and significant (3 coefficients are
positive but insignificant, and 6 are positive and significant). Among the
3 high-quality studies, only insignificant (3 negative and 3 positive) effects
are found!. These reviewed studies, however, are not especially interested in
estimating the educational impacts of access to electricity but rather include
this variable on their regressions along with other control variables.

Aside from these studies on school interventions, there are four recent
empirical papers not included in the previous reviews, closely related to ours.
Khandker et al. (2009) use household panel data from rural Vietnam and
compare households with and without electricity connection to show that
electrification has positive and significant effects on household income and
expenditures, and school enrollment. They also find that these benefits level
off after 9 years of electricity use.

Dinkelman (2011) is the first paper using a clean identification strategy
to quantify the consequences of electrification on labor outcomes in rural
South Africa. Using land gradient as an instrument for electrification, and

IThere are more estimates than studies because some papers provide more than one
estimated effect (e.g. rural versus urban).



complementing her IV estimates with fixed-effect models, her results indicate
that female employment increases in treated areas. In a similar spirit, Rud
(2012) studies the effects of electrification on industrial production in India,
using river water flow as an instrument for access to electricity.

Finally, Libscomb et al. (2013) use county-level data from urban and
rural Brazil to examine the impacts of electrification on the Human Devel-
opment Index (HDI). Their strategy consists of simulating electricity grid
expansion taking only into account topographic considerations (water flow
and river gradient). Then, the authors use these predictions as instrumental
variables for actual program placement. They document large positive effects
on the income and education (literacy and enrollment rates) components of
the index but not on health (life expectancy). These large estimated effects,
however, may be driven by the fact that the IV approach uses variation on
compliers which, by construction, are counties with the most cost-effective
electrification projects.

Our work adds to this recent and growing literature in two ways. First,
we pay attention to household responses (expenditures on child’s education)
which are crucial to correctly interpret the estimates of electrification on
educational outcomes. Second, we provide evidence on the effects of elec-
trification on test scores which are a better proxy for human capital given
the low levels of school quality in developing countries in spite of increasing
enrollment rates (Hanushek and Woessmann 2008).

3 The Rural Electrification Program

In 1993, 60 percent of rural households were poor and only 7 percent had ac-
cess to electricity. At that time, the Ministry of Energy and Mining launched
an electrification program named PER - Programa de Electrificacion Rural-
in order to improve this situation and promote social and economic devel-
opment in rural areas. Electrification projects were not randomly assigned
across districts. Instead, they gave priority to districts with:

o lower electricity coverage (percentage of households with electricity)

o higher poverty rate (percentage of households whose consumption is
below the national poverty line)

 lower proportion of the estimated subsidy per connection
o lower cost per connection

o higher use of renewable energy



The Ministry defined the roll-out of the program using these variables.
In Figure 1, we present graphical evidence of the rapid increase in electric-
ity coverage. In particular, we compare access to electricity at home across
treated and non-treated districts. As expected by the priority criteria, at the
beginning of the study period, PER districts had an electricity coverage 10
percentage points lower than non-PER districts. Four years after, the gap
had been reversed and treated districts had higher coverage than control dis-
tricts. This figure shows that access to electricity in PER districts increased
by 20 percentage points in only four years. The program’s goal is to increase
electricity coverage up to 90 percent in all rural areas before 2023.

In this paper, we focus on projects that were concluded in the period
2007-2010 for three reasons. First, 90 percent of projects concluded before
2013 were finished between 2007-2010. Second, the National Office of Statis-
tics (INEI for its name in Spanish) collected a unique household panel data
set from 2007 to 2010. Third, the Ministry of Education also administered
national standardized tests to all 2nd-graders in the country during 2007-
2012.

From 1994 to 2012, 628 electrification projects were concluded throughout
rural Peru (554 were finished between 2007-2010) with a total cost of US$
657.5 million. Figure 2 depicts program expansion by year. We see that, for
each year, PER implementation is not concentrated in any single geograph-
ical area. Rather, program expansion seems to be evenly distributed across
districts.

4 Data

We use three data sources in our empirical analysis: i) household-level panel
data,; ii) school-level panel data; and iii) administrative data on electrification
projects. Further details of each data set are provided below.

First, we use a household panel data set known as ENAHO - FEncuesta
Nacional de Hogares- conducted by INEI between 2007-2010. This survey
includes comprehensive information (education, health, employment, and so
on) at both the household and individual level. ENAHO is representative
at the national, urban and rural level but we confine our analysis to rural
districts because urban areas were not targeted by PER.

For each individual between ages 3 and 18 in 2007, we construct three out-
comes: i) enrollment; ii) attendance; iii) log of household education-related
expenditures per child?. Both enrollment and attendance are discrete vari-

2In practice, we add 1 to each amount of expenditures (expressed in Nuevos Soles)
because 20% of the observations have zero expenditures. Therefore, our dependent variable



ables, and the latter is constructed only for individuals enrolled in school
(attendance conditional on enrollment). Educational expenditures per child
include: uniform and shoes, textbooks, materials, fees, and parent’s associa-
tions.

Second, we use six rounds of the national standardized test, named ECE
- Fvaluacion Censal de Estudiantes-, administered by the Ministry of Ed-
ucation, and taken by all 2nd-graders in Peru between 2007-2012. At the
end of each school year (early December), students are evaluated in Math
and Reading skills, using a three-level scale grading system (from highest to
lowest): proficient, partially proficient, and not proficient. For each school,
year and subject, we calculate two outcomes: the percentage of students
who reached the highest proficiency level of the exam; and the percentage of
students in the lowest level. To ensure that these school-level outcomes are
meaningful, we restrict our sample to schools with at least 5 students in both
2007 and 2008, and also weight all regressions by the number of test takers
in each school at baseline (year 2007). Furthermore, we restrict our sample
to schools that took the test every year.

Third, we use administrative records of the Ministry of Energy and Min-
ing which contain the list of electrification projects that were concluded be-
tween 2007 and 2010. In our study period, 554 projects - out of 628 since
1994- were concluded in 412 rural districts. For each project, we observe the
year of conclusion, and the treated districts (101 projects include more than
one district).

For the household-level analysis, we match ENAHO and PER data sets
using district identifiers, ENAHO survey year, and year of conclusion of each
project. For the school-level analysis, we match ECE and PER data sets
using district identifiers, exam year, and project’s year of conclusion. After
doing so, our ENAHO-PER and ECE-PER samples include 2,400 individuals,
and 4,539 schools, respectively.

Table 1 presents descriptive statistics of control and treatment groups in
the year 2007 for both panel data sets. In control districts, around 80 percent
of households have a male head and 85 percent in treated districts but this
difference is not statistically significant. Household heads are between 48 and
50 years old in the sample, and this small difference between groups is only
significant at the 10 percent level. In control areas, 11 percent of household
heads do not have formal education while in treated areas this figure goes up
14 percent, however, this difference is not statistically significant. In both
groups, around half of the household heads speak an indigenous language,

is log (expenditures+1). The average expenditure before and after such modification is
101 and 102 Nuevos Soles, respectively.



different from Spanish. Also, heads in both groups have a monthly income
between 240 and 260 Nuevos Soles, which is equivalent to 80 and 90 US
current dollars.

In the school data set, we see that schools in control districts have more
students than in treated areas, though this difference is very small in magni-
tude (less than one student). Finally, the proportion of male students is 51
percent in both groups. Overall, both groups look similar along these char-
acteristics. Most differences are statistically insignificant, and when they are
significant (only two variables) they are very small.

5 Empirical Strategy

Cross-sectional comparisons between households with and without electric-
ity are likely to deliver inconsistent estimates of the effects of electrification
because these households may differ in other (unobserved) dimensions. We
avoid such comparisons by taking advantage of the rapid increase in electric-
ity coverage due to PER expansion, and using individual and school panel
data to control for unobserved characteristics that may determine both PER
placement and outcomes. In particular, we adopt a Fixed-Effects (FE) ap-
proach to estimate the impact of PER on educational outcomes by using
within-individual (and within-school) variation over time in access to elec-
tricity.

For simplicity, we only refer to individuals throughout this section though
we later use both individual-level and school-level panel data. To fix ideas, let
1=1,2,...,N, 7 =1,2,..M,and t = 1,2,...,T denote, individuals, districts
and years, respectively. This setup lead us to estimate the following equation:

Yijt = a; + o + oy + BPER; + pije (1)

where y;j; is the outcome variable (e.g., enrollment, attendance) of individ-
ual 7 living in district 5 at period . Unobserved individual heterogeneity
is captured by «a;. Time-invariant district characteristics (geographic char-
acteristics that may determine PER placement) and year-specific effects are
denoted by «; and oy, respectively. PERj; indicates that, in district j, at
least one electrification project has been concluded by year ¢ . The error
term is denoted by p;;; and is clustered at the individual level.

The inclusion of individual fixed effects has two consequences. The first
one is that we cannot include characteristics that are time-invariant (sex,
maternal language, birth weight) because they are already captured by a; 3.

3We distinguish the individual fixed effect from the district fixed effect only to be as



The second consequence is that the effect of PER on educational outcomes
is estimated using within-individual variation over time. In fact, the key
assumption to apply a FE strategy is that unobserved confounders are time-
invariant.

The first question we seek to answer with our analysis is whether PER has
an impact on educational outcomes, after controlling for individual hetero-
geneity, and a set of fixed effects. Thus, in equation (1), 3 is the parameter
of interest. As noted by Duflo et al. (2006), this coefficient should be inter-
preted as the overall effect (total derivative) of providing electricity at the
district level rather than seeing it as the effect of having electricity, holding
everything constant (partial derivative). In this sense, [ is not a structural
parameter, but it is informative to policy makers because it tells us the dif-
ference in outcomes between individuals who are exposed to PER and those
who are not.

A second related question is whether individuals who live in districts that
receive more electrification projects experience larger effects. In our sample,
around one third of treated districts received more than one electrification
project between 2007-2010. These differences in treatment “intensity” among
treated districts allow us to estimate a second equation:

Yijt =i + 7+ T QINTENSITY}, + vije (2)

where INTENSITY}; is measured as the cumulative number of concluded
projects in district j by year ¢ *. For instance, if a district receives one project
per year, from 2007 to 2010, its intensity measure would be as follows: 1,2,3.,4.
Therefore, ¢ represents the marginal impact of concluding one additional
project, conditional on being exposed to the program. All other variables
are defined as in equation (1). The identifying assumption of equation (2)
is that our measure of intensity is uncorrelated with the error term once we
control for individual, district and year fixed effects.

A third question is whether individuals exposed for longer periods to elec-
tricity experience larger effects. To test whether this is the case, we construct
a measure of temporal exposure to PER and estimate a third equation:

Yijt = /\z + )‘j + )\t + pEXPOSUREUt + Eijt (3)

clear as possible. However, in practice, they are not distinguishable because individuals in
our panel do not migrate. Therefore, the district of residence is captured in the individual
fixed effect.

4In other words, our measure of intensity is not the number of projects concluded each
year. Instead, is the cumulative number of projects concluded by year (i.e. it is increasing
over time).



where EX POSU RE;j;; indicates the number of months between the project’s
year of conclusion and the month of the individual’s interview. For instance,
if one project was concluded in 2007, and an individual was surveyed in
September 2008, then we would say that this individual had been exposed to
PER for 9 months®. The effect of one additional month of exposure to PER
is denoted by p. This coefficient is useful to check whether individuals with
longer periods of exposure to PER experience larger impacts.

This set of equations and their corresponding parameters constitute the
basis of empirical analysis. For each equation, we explore various educational
outcomes (e.g., enrollment, test scores) and use different data sets (household
and school-level panel data).

Before discussing our main results, we briefly analyze the effects of PER,
intensity and exposure on actual access to electricity at home. To do so, we
use the ENAHO household panel sample and separately regress an indica-
tor variable for access to electricity on PER, intensity and exposure using
household fixed-effect models®. Table Al in the Appendix shows the point
estimates of each regression. As we can see, our independent variables of in-
terest are strongly and positively correlated with access to electricity. These
results suggest that the program actually leads to higher electricity coverage
among treated households.

6 Results

6.1 Enrollment, Attendance and Expenditures

We begin by presenting the estimated effects of PER on enrollment, atten-
dance and educational expenditures using ENAHO panel data. As an at-
tempt to explore if there are gender differences, we group our results in three
samples: the whole sample, only boys and only girls. Furthermore, for each
outcome variable, we split each sample in four sub-samples using individuals’
age in 2007: 1) all ages; 2) between 3 and 5 (pre-primary level); 3) between
6 and 12 (primary level); and 4) between 13 and 18 (secondary level).
Table 2 shows our results using the whole sample. For each age group,
we present the coefficients on PER, INTENSITY, and EXPOSURE in
Panel A, B and C, respectively. Consistent with previous studies (see Glewwe
et al. 2012), the point estimates in Panel A suggest that living in a PER

°If there were two (or more) projects in a given district, we use the date of the project
that concluded first.

6The ENAHO household panel sample is simply the individual panel data set we use
in our analysis but collapsed at the household level.



district does not affect enrollment (columns 1-4); attendance (columns 5-8);
and log of educational expenditures (columns 9-12), except for the negative
impact on educational expenditures on the oldest children (column 12). In
Panel B, we see that, conditional on being treated, each additional electri-
fication project increases enrollment by around 3 percentage points among
the youngest individuals (column 2). Panel C shows that temporal exposure
to PER does not affect enrollment nor attendance. However, it has small
but negative effects on educational expenditures among children aged 6-12
(column 11), and positive impacts among older children (column 12).

We present analogous estimates for the male sample in Table 3. Point
estimates in Panel A suggest that treatment does not affect educational out-
comes. Figures in Panel B suggest that, conditional on having received PER,
concluding an additional electrification project has small negative effects on
male enrollment (column 1) but does not affect attendance nor expenditures.
Coefficients in Panel C are small and statistically insignificant, suggesting
that temporal exposure to PER does not have an impact on educational
outcomes.

Table 4 presents results for the female sample. In Panel A, we find that
PER increases enrollment by around 3.5 percentage points among girls of all
ages (column 1), and the effect is larger among younger girls (column 2). In
spite of these positive impacts on enrollment, coefficients in columns 5-8 in-
dicate that PER has no significant effects on attendance. These results may
indicate that electrification leads to higher demand for schooling (enrollment)
but then these girls actually fail to attend to school because other constraints
may still exist. We also find that treatment increases expenditures on girls
aged 6 to 12 (column 11) by 20 percent, but decreases expenditures on older
girls (column 12) by around 35 percent. In Panel B, we see that, conditional
on being treated, each additional electrification project increases enrollment
by 2 percentage points among girls (column 1) but attendance remains unaf-
fected. In the last four columns, we show that educational expenditures are
significantly higher in districts that received more electrification projects. In
Panel C, we find that, conditional on being treated, temporal exposure to
the program has negative but very small effects on attendance among girls
aged 6-12 (column 7), and positive impacts on educational expenditures on
the oldest girls (column 12).

Taken together, our results using ENAHO panel data suggest that girls
-especially the youngest - are benefited from the program. Recall that these
estimates should be interpreted as the overall effect of providing electricity
(total derivative) rather than as the effect of electrification holding every-
thing else constant (partial derivative). As shown in other contexts (Das et
al. 2013), this distinction matters for policy discussions or external valid-

10



ity concerns because treatment can affect educational outcomes directly but
could also have indirect effects (households or communities may respond to
the treatment and affect outcomes through other channels). For instance,
Dasso and Fernandez (2013) using the ENAHO panel data show that PER
increases female adults’ earnings which, in turn, may increase school enroll-
ment and education-related expenditures.

From a policy perspective, one may suspect that higher enrollment rates
could also raise grade repetition rates. However, when we examine the effects
of the program (as well as treatment intensity and temporal exposure) on
this outcome, we find no evidence to support this view (results not shown
but are available from the authors upon request).

6.2 Math and Reading Test Scores

We turn to discuss whether the program increases school learning as measure
by the fraction of students who meet the proficiency standard in the national
test. Note that the interpretation of the following estimates is not the same
as in the previous section. In what follows, the treatment consists of receiving
electricity in the school (i.e. an increase in school inputs) while in the previous
section the treatment was receiving electricity in the district of residence (i.e.,
an increase in household inputs).

Table 5 shows the effects of PER on learning for the whole sample. In
Panel A, the estimates of columns 1 and 2 indicate that schools located in
PER districts do not generate higher learning in Math than schools located
in non-treated districts. In columns 3 and 4, we see that PER has a nega-
tive effect on reading skills: it increases the percentage of students who are
not proficient (lowest level) and reduces the percentage of students that are
proficient (highest level). However, in Panel C, proficiency rates go up by
0.1 percentage points per month of exposure (column 4). This last result
may indicate that the learning benefits of electrification do not immediately
materialize.

We present analogous estimates only for male students in Table 6. Again,
we do not see any action on Math proficiency rates (see columns 1 and 2)
since the coefficients are small and statistically insignificant. In contrast, the
point estimates of column 4 suggest that receiving PER decreases learning in
Reading though this decline fades out as exposure to the program increases
(Panel C). Given that these two effects go in opposite directions, they could
compensate each other in the long run.

Results including only female students are shown in Table 7. As in the
case of boys, PER does not seem to have any impact on Math learning rates.
In Reading, however, treatment decreases learning rates (Panel A, columns

11



3 and 4) but temporal exposure to PER increases it (Panel C, column 4).
This last coefficient implies that, after 14 months of treatment exposure,
proficiency rates in Reading go up by 1 percentage points.

Overall, our results suggest that schools with access to electricity do not
experience learning gains in Math. This finding is consistent with previous
studies on the impact of school resources and test scores which generally show
insignificant estimates. In Reading, we find that schools in treated district
obtain lower scores than schools in non-treated areas. Interestingly, this
negative impact is compensated with learning gains as treatment exposure
increases. In the long run, the final effect of electrification on Reading test
scores may be positive if the effect of temporal exposure is monotonic and
persistent.

6.3 Robustness Checks
6.3.1 Pre-treatment differences in educational outcomes

Even after controlling for unobservable time-invariant characteristics, and
showing that covariates were balanced across treated and control districts,
our estimates could still be capturing pre-treatment differences in our out-
come variables. More specifically, program placement could be correlated
with prevailing time-varying differences in enrollment, attendance or expen-
ditures, and these differences would, in turn, mechanically translate into
post-program differences.

To rule out this possibility, we need data on outcomes from pre-intervention
years. However, both ENAHO panel data and ECE school-level data are only
available from 2007 onward. Given this limitation, we use ENAHO annual
cross-sections for the period 2004-2006. ENAHO cross-sections and panel
data are very similar except for the fact that the former does not follow
individuals over time: it draws a new sample each year.

To formally test whether program placement between 2007-2010 is cor-
related with pre-intervention outcomes, we regress each outcome variable on
a future treatment indicator for each pre-intervention year’. Finding sig-
nificant differences between districts that have not been treated yet, should
raise concerns on the validity of our empirical strategy. Table A2 (see the
Appendix) presents point estimates from each regression. In all cases, we
find small differences -smaller than 0.05 in absolute terms- and all of them
are statistically insignificant. This evidence is reassuring because it suggests
that pre-treatment time-varying differences are not driving our results.

"We construct all outcome variables following the same procedure mentioned in Section
4.
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6.3.2 Controlling for other interventions

During our study period (2007-2010) there were two main programs that
also arrived to some rural districts from our sample, and could have affected
educational outcomes.

First, the Peruvian conditional cash transfer (CCT) program, named
“Juntos”, rapidly reached more than 600 rural districts between 2005 to
2010. As is usual in these programs, the female head of the household re-
ceives a monthly stipend conditional on sending her children to school and
taking them to health centers on a regular basis. To the extent that the
presence of Juntos could increase school enrollment, attendance (through its
conditions) and educational expenditures (through its cash payments), it is
crucial to rule out that our results are not driven by Juntos’ conditions nor
its cash benefits even though PER and Juntos were rolled-out independently
and without any coordination®.

Second, the Ministry of Education launched the “One Laptop per Child
(OLPC)” program in 2008, and within this year, it delivered around 40,000
laptops to children from 500 primary schools in rural areas. Each laptop
costs around $ 200 so this intervention was relatively costly. As of today,
the Peruvian case is one of the largest deployments in the world made by
the “One Laptop per Child” initiative (Cristia et al 2012). OLPC targeted
around 1,900 small primary schools, located in the poorest regions of Peru.
Its implementation had two waves. In the first one, districts with both access
to electricity and internet connection were prioritized. In the second wave,
the former requirement was kept but the latter was abandoned because most
poor districts lacked internet access. Therefore, OLPC implementation was,
by construction, correlated with PER placement even though both programs
were run independently.

The presence of these two interventions in PER districts could introduce
bias in our main estimates. To address these concerns, we redo the analysis
but now controlling for the presence of Juntos and OLPC. Administrative
data from Juntos roll-out from 2005 to 2011 was provided by Juntos officials
upon request from the authors. These data indicates the year when the
program arrived at a given district. Administrative data from OLPC roll-
out (including both waves) was provided by the General Office of Technology
for Education, at the Ministry of Education. These data indicates the year
when OLPC arrived at a given school.

We match these two data sets on programs’ roll-outs with ENAHO and

8During 2005-2012, Juntos was affiliated to the Office of the Council of Ministers. The
program pursued different objectives from PER and used different criteria for its roll-out
(e.g., children chronic malnutrition, exposure to violence during the 1980’s armed conflict).
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ECE data sets. In the empirical analysis using ENAHO data, we control for
the presence of these programs at the district level. That is, we include a
dummy for each program that is equal to 1 if the program is in the district
and 0 otherwise. In the analysis using ECE data, we also control for Juntos
at the district level, but we are able to control for OLPC at the school level.
That is, we include a dummy equal to 1 if Juntos is in the district and 0
otherwise, and a dummy that takes the value of 1 when the school is treated
by OLPC and 0 otherwise.

Table 8 present results of the effects of PER on educational outcomes
using ENAHO for the whole sample. Point estimates are very similar to those
in Table 2. The fact that results remain unchanged after controlling for both
programs suggest that these interventions are not biasing our main estimates.
In Tables A3 and A4 in the Appendix, we report the point estimates for the
boys’ and girls’ samples and, again, we find no differences with respect to
Tables 3 and 4, respectively.

We show the estimated effects of electrification on test scores using ECE
data, after controlling for Juntos and OLPC in Table 9. These results are
again similar to those in Table 5, which indicates that these programs are
not driving our estimates. Tables A5 and A6 in the Appendix present the
corresponding estimates for the boys’ and girls’ samples. In these samples,
we also find that the inclusion of these programs does not affect our main
estimates.

Therefore, our main results are robust to the inclusion of two main in-
terventions that could affect educational outcomes in rural districts. The
stability of our estimates is in line with previous studies that have separately
estimated the effects of Juntos on enrollment and attendance (Perova and
Vakis 2012), and the effects of OLPC on tests scores (Cristia et al. 2012)
and have found little evidence of positive impacts.

7 Concluding Remarks

Improving student learning and providing access to services such as electricity
are policy priorities in developing countries. At the same time, there is an
open academic debate on whether school resources are relevant for learning.
This study aims to provide new evidence on this issue by analyzing the impact
of electrification on educational outcomes in Peru.

To do so, we take advantage of an unusually rapid expansion of an elec-
trification program that increased electricity access in rural Peru. Between
2007-2010, 554 electrification projects reached several rural districts of the
country leading to substantial improvements in electricity coverage in only a
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few years.

Using household survey panel data from 2007-2010, we document the
following results. Among boys, the electrification program does not affect
school enrollment, attendance nor education-related expenditures. Among
girls, we find that female enrollment rates are higher in treated districts than
in non-treated areas though this positive effect on enrollment does not lead to
higher attendance rates. We also find that treated households spend more on
young girls’” education. Moreover, the effects on female school enrollment and
educational expenditures are larger in areas that received more electrification
projects.

Then, we use school-level panel data on Math and Reading test scores
administered by the Ministry of Education between 2007-2012. The electri-
fication program is associated with a decrease in student learning although,
among treated schools, longer treatment exposure improves scores in Read-
ing for boys and girls; and increases Math performance, only among boys. If
such positive effects are persistent and do not decline over time, electricity
provision can slowly produce gains in learning over the long run.

From a policy perspective, efforts to increase access to electricity should
not abandoned. Other pieces of evidence indicate that electrification im-
proves other economic outcomes (e.g. employment) that could indirectly
increase educational outcomes.
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Figure 1: Electricity coverage in rural Peru, 2007-2010
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Source: ENAHO panel sample. Only includes rural areas. Coverage is measured by the

percentage of households who report having access to electricity at home.
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Figure 2: Electrification projects by year of conclusion at the district level,
2007-2010
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Table 1: Mean comparisons between control and treatment groups in 2007
Control Treatment p-value for t-test

Variables in year 2007 (1) (2) on: (1)=(2)

ENAHO panel data:

HH head is male 0.81 0.85 0.114
(0.018) (0.015)

HH head’s age 50.47 48.74 0.0784
(0.738) (0.651)

HH head has no formal education 0.11 0.14 0.2774
(0.014) (0.014)

HH head’s maternal language is Spanish 0.54 0.56 0.5563
(0.022) (0.020)

HH head’s monthly income 245.50 227.20 0.4775

(18.94)  (17.31)

ECE panel data:

Number of students 13.36 13.96 0.0184
(0.193)  (0.158)
% of male students 0.518 0.514 0.4216

(0.004)  (0.003)

NOTE: Standard errors are shown in parentheses.
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APPENDIX

Table Al: Effects of PER on access to electricity at home

Dependent variable: Access to electricity at home
n 2 @
PER 0.0627%+*
(0.020)
Intensity (electrification projects) 0.037***
(0.007)
Exposure (in months) 0.005%*%
(0.002)
Observations 2,792 1,604 1,604
R-squared 0.086 0.161 0.146
Number of households 698 401 401

NOTE: Robust standard errors clustered at the household level are shown in parentheses. Each
coefficient comes from a separate regression. All regressions control for household and year fixed-effects.
The dependent variable is equal to 1 if the household has electricity at home and 0 otherwise. Column 1
includes households from both control and treated districts. Columns 2 and 3 only include households

who received, at least, one electrification project in their district.
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Table A2: Effects of PER on educational outcomes in pre-treatment period

Enrollment Attendance Log of educ. expenditures
Year: 2004 2005 2006 2004 2005 2006 2004 2005 2006
(1) (2) 3) (4) () (6) (7) (8) 9)
PER 0.012 0.012  -0.004 -0.005 -0.018 -0.001 -0.015 0.015  -0.027

(0.012) (0.012) (0.012) (0.017) (0.014) (0.014) (0.033) (0.033) (0.030)

Observations 34,142 35,827 36,179 10,005 10,536 10,424 34,142 35,827 36,179
R-squared 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000

NOTE: Robust standard errors clustered at the district level are shown in parentheses. Each coefficient
comes from a separate regression. Dependent variables: i) enrollment is equal to one if the individual is
enrolled in school and zero otherwise; ii) attendance is equal to one if the individual is attending school
(conditional on being enrolled) and zero otherwise; educational expenditures per child include: uniform
and shoes, textbooks, materials, fees, and parent’s associations. All regressions use ENAHO annual

cross-sections, and restrict the analysis to individuals living rural districts at the time of the survey.
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