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I. Introduction

Raising the schooling levels of girls is often regarded as an important priority
for developing countries (World Bank 2001; Schultz 2002). Frequently, the
Mincerian rate of return to schooling for women is at least as large as that
for men (for examples, see Deolalikar {1993} for Indonesia; Schultz {19931
for Thailand, Céte d’Ivoire, and Ghana). There is also a large literature doc-
umenting associations between female education and a variety of social out-
comes, including lower fertility, decreases in child mortality, improvements
in child health and nutrition, and better education and child cognitive de-
velopment (see reviews in Strauss and Thomas 1995; World Bank 2001).

In a large number of countries, especially in the Middle East and parts of
Asia and Africa, overall education for girls is low and lags significantly behind
that of boys. Over 180 governments have adopted universal primary education
and gender parity in schooling as Millennium Development Goals. Despite
these commitments, increasing the schooling attainment of girls continues to
be a challenge in much of the developing world.

There is surprisingly little evidence on policies and programs that effectively
raise school attainment, including for girls (see the reviews by Glewwe 2002;
Case 2004). Most of the existing evidence on the impact of demand-side
incentives on schooling outcomes is based on evaluations from middle-income
countries, especially in Latin America. Conditional cash transfer (CCT) pro-
grams have been found to have positive effects on enrollment in Mexico
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(Schultz 2004; Behrman, Sengupta, and Todd 2005), Colombia (Attanasio,
Fitzsimmons, and Gomez 2005), Nicaragua (Maluccio and Flores 2004), Hon-
duras (Glewwe and Olinto 2004), and Brazil (Cardoso and Portela Souza 2004).
An important question is the extent to which the observed changes are a result
of the income effects associated with the transfer, or the conditions—see Das,
Do, and Ozler (2005) for a theoretical discussion, and Schady and Araujo
(2008) for an empirical application to Ecuador. Finally, Angrist et al. (2002)
evaluate a school voucher program in Colombia; they find that the program
increased high school graduation rates and test scores.

Although the findings from Latin America are informative, relatively little
is known about the impact of demand-side programs in lower-income coun-
tries, with much weaker institutional contexts and lower quality education.
Exceptions include Kim, Alderman, and Orazem (1999) on the Quetta Fel-
lowship program in Pakistan, Ravallion and Wodon (2000) on the Food-for-
Education program in Bangladesh, and Kremer, Miguel, and Thornton (2007)
on a merit-based scholarship program in Kenya. All of these report large effects
on school enrollment.

In this study we evaluate the impact of a program designed to increase the
enrollment of girls in secondary school in Cambodia. The program we evaluate
is the Japan Fund for Poverty Reduction (JFPR) scholarship program. This
program, which began in the 2004 school year, awarded scholarships to poor
girls who were completing sixth grade, the last grade of primary school. We
show that the scholarship program increased the enrollment and attendance
of recipients at program schools by about 30 percentage points. Larger impacts
are found among girls with the lowest socioeconomic status at baseline. The
results are robust to a variety of controls for observable differences between
scholarship recipients and nonrecipients, to unobserved heterogeneity across
girls, and to selective transfers between program schools and other schools.
We conclude that there is substantial potential for demand-side interventions
in lower-income countries like Cambodia.

The rest of the paper proceeds as follows. In Section II we briefly describe
the setting, the JFPR scholarship program, and the data used in this study.
Section III discusses the empirical strategy. In Section IV, we present the
results. Section V concludes.

Il. Data, Variables, and Program Selection Rules

A. Education in Cambodia and the JFPR Scholarship Program

Cambodia is recovering from many years of internal and external strife. The
Khmer Rouge regime of the 1970s and Vietnamese occupation in the 1980s
had severe repercussions for all aspects of the economy and society, including
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the education sector (De Walque 2004). Most Cambodian children attend
school, but a large share complete only very few grades. According to the
2000 Demographic and Health Survey (DHS), 85% of 15—19-year-olds had
completed grade 1 while only 27% had completed grade 7, the first year of
lower secondary. These percentages are lower for rural areas, 83% and 21%,
respectively, and lower yet for rural girls, 78% and 17%, respectively (Filmer
2007). To address these problems, the Cambodian government has initiated
a series of reforms in the education sector, including scholarship programs for
students from disadvantaged backgrounds.

The program we evaluate in this study is the Japan Fund for Poverty
Reduction (JFPR) scholarship program. This program selected 93 lower sec-
ondary schools, and, within each of these schools, approximately 45 girls who
were beginning seventh grade were awarded scholarships of $45 each. (No
more than 45 scholarships could be awarded per school; in a handful of schools,
the number of scholarships awarded was smaller.) The value of the scholarship
is large—in 2002, mean per capita gross domestic product in Cambodia was
approximately $300 (World Bank 2005). Another way of benchmarking the
magnitude of the transfer is by comparing it with expenditures by households
on education. On average, the $45 transfer is almost exactly equivalent to
average household spending per student in lower secondary school, as reported
in a recent household survey. However, average expenditures on schooling by
poor families, such as those that received JFPR scholarships, are generally
lower."

Once a gitl is selected for a JFPR scholarship, she is automatically eligible
to continue receiving a scholarship for the 3 years of the lower secondary cycle.
The JFPR program therefore attempts to increase the fraction of girls who
make the transition from primary school to lower secondary school and to
encourage girls to complete the lower secondary school cycle. In the 2004
school year, there were 698 lower secondary schools in Cambodia, so the JFPR
scholarship program covered approximately 15% of lower secondary schools
in the country.

Although the JFPR program is known as a “scholarship” program, it does
not directly subsidize the fees paid by parents for the education of their
daughters; rather, families receive cash transfers provided their daughter is
enrolled in school, maintains a passing grade, and is absent without “good

' We use the 2004 Cambodia Socio-Economic Survey (CSES) for these calculations. Average spend-
ing per female student in seventh through ninth grades is $44. These expenses cover school fees,
the cost of textbooks, school supplies, school allowance, transport costs, and gifts. In households
with annual consumption expenditures below $200, which more closely resemble the sample of
JFPR scholarship recipients, expenditures on schooling per female student are only $13 per year.
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reason” fewer than 10 days in a year. (Scholarship recipients agreed to use
funds toward education, but no attempt was made to enforce this agreement.)
The JFPR program therefore functions much like a CCT program of the sort
that has been implemented and evaluated in many Latin American countries.

B. Data

The main sources of data for the analysis in this study are two: application
forms to the scholarship program and data on school enrollment and attendance
from an unannounced school visit. The application form contains 28 questions
about parental education, demographic composition of the household, own-
ership of various assets, housing materials, and distance to the nearest secondary
school; applicants were also asked to specify the name of the secondary school
they would like to attend, with the understanding that this should be one of
the 93 schools that were eligible for the scholarship program. These forms
were completed by a girl in class or at home. Some provisions were made for
teachers to verify that the information that was provided was accurate, but
teachers were not encouraged to make additional markings on the form to
indicate the poverty or academic potential of a given applicant.”

We use the information on the application forms to correct for observable
differences across girls. Two things are worth noting here. First, application
forms were handed out at the primary “feeder schools” to the 93 secondary
schools included in the scholarship program. In practice, selection of the feeder
schools and selection of the girls who were encouraged to fill out application
forms by the primary school teachers appear to have been somewhat ad hoc.?
Second, almost 30% of the application forms were not filled out completely.
Because we use the characteristics on the application form to correct for dif-
ferences across girls, most of the results we report are based on a sample of
girls with completed applications. We also report the results from a specifi-
cation that includes all girls who applied for scholarships, regardless whether
the application forms were complete. In this specification, the missing control

> We inspected a large number of application forms to verify this and found no evidence that
additional information was recorded.

> We were able to get the application forms from 91 of the 93 schools that received JFPR
scholarships. In one school, the records were destroyed by a fire, and in another the Local Man-
agement Committee did not send the forms despite numerous requests. The fraction of girls in
primary feeder schools who applied for a scholarship can be approximated by merging the application
forms with administrative data on female enrollment kept by the Ministry of Education. In the
median primary feeder school, approximately 31% of girls applied for a scholarship. However, this
figure should be treated with caution: because the application forms included the school name but
not the school code, merges had to be done phonetically, which likely introduced noise into the
process.
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variable is replaced with a zero, and a set of dummy variables indicating
missing data (one for each covariate) is included in the regression. Appendix
table Al shows that that the differences between the full sample of girls and
the sample of girls with completed applications are generally small.

Once application forms had been filled out, they were forwarded from the
primary school to the Local Management Committee (LMC) of the relevant
JFPR secondary school. The LMCs were then tasked with identifying the 45
girls who were most needy and awarding them scholarships. To assist in this
process, LMCs were given a set of weights for each question and a formula
to aggregate responses into a final score. According to program administrators,
these weights were developed somewhat arbitrarily. For example, applicants
who had between three and five brothers received 1 extra point, while those
with more than five brothers received 2 extra points; applicants with one to
three sisters received 1 extra point, while those with four or five sisters received
2 extra points, and those with six or more sisters received 3 extra points.
(More points were meant to increase the probability of receiving a scholarship.)
A number of characteristics, including having at least one parent who had
completed at least primary school were meant to disqualify applicants from
scholarships. However, the LMCs were given considerable discretion over the
specifics of how to apply the selection rules—the Programme Implementation
Manual states that “LMCs will have flexibility to adapt this process as they
see fit” (Royal Government of Cambodia 2003, 18). As we show, the evidence
suggests that LMCs used the information on the form to assess an applicant’s
socioeconomic status without strictly following the proposed weights.

When LMCs had chosen the girls who would be awarded scholarships, all
applicants were notified whether they had been selected. The list of girls
selected for scholarships was posted at the feeder primary schools as well as
at the JFPR secondary schools. Girls then received scholarship payments at a
public school ceremony held three times a year. These provisions were meant
to increase transparency and minimize the potential for corruption. In addition,
the program included a complaints mechanism whereby recipients or other
community members could complain to district, provincial, or national Min-
istry of Education officials if they felt there was fraud.

The second source of data for this evaluation is based on an unannounced
visit to each program school. These visits were carried out by an independent
firm, hired specifically for this purpose. Enumerators were given a list of
applicants to each JFPR school without information on their scholarship status.
Note that girls applied for the scholarship in sixth grade during the 2003
school year, scholarships were first awarded during the 2004 school year, and
school visits took place during the course of the 2005 school year. During
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the school visit, enumerators checked eighth-grade enrollment rosters and
physically verified whether or not a girl was attending an eighth-grade class
on the day of the visit.

On the basis of the school visits, we construct measures of enrollment and
attendance at a JEPR school. The measure of enrollment is a dummy variable
that takes the value of one if the girl in question was enrolled in eighth grade
at the JFPR school she had applied to. The measure of attendance is a dummy
variable that takes the value of one if a girl was present in an eighth-grade
class at the time of the visit by the enumerators. Finally, we correct for the
possibility of selective school transfers using data provided by students in
JFPR schools on the enrollment status of other applicants, as well as data
from the Education Management Information System (EMIS) on district-level
enrollment figures, by year, separately for boys and girls. Both of these are
discussed in greater detail below.

Il. Empirical Strategy

A. Main Results of Program Impact

The empirical strategy in this study is based on comparisons between schol-
arship recipients (the “treated” group) and nonrecipients (the “control” group).
The analysis begins with OLS regressions of a dummy variable that takes the
value of one if girl 7 is enrolled in JFPR school s at time # (in the enrollment
regressions) or attending school (in the attendance regressions), Y,,, on a set
of school-level fixed effects, o, a vector of baseline characteristics from the

application form, X and a dummy variable for scholarship recipients, T':

51— 1>

Y.

ist

= a; + Xixt—lﬁ + 7;6 + Sixt' (1)

The parameter 8 is a measure of the difference in the probability of enrollment
or attendance between girls who received a scholarship and those who did
not. Linear probability models are used to estimate (1); estimation by probit
yielded very similar results.

Regression models rely heavily on extrapolation to impute potential (or
counterfactual) outcomes. This may introduce biases if the distribution of
covariates X,,_, is very different for scholarship recipients and nonrecipients.
As a first attempt to make scholarship recipients and nonrecipients more closely
comparable, we trim the sample. To do this, we regress a dummy variable for
scholarship recipients on the vector of observable characteristics:

T, = ex + XMt ue 2

This regression is used to predict the probability that each girl in the sample
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was awarded a scholarship, 7, also known as the propensity score. The sample
is then trimmed to remove girls with “very high” or “very low” values of the
propensity score. Specifically, we follow Crump et al. (2006), who propose a
trimming criterion to obtain an optimal subpopulation; in our data, the op-
timal subpopulation has a value of the propensity score larger than 0.077 and
smaller than 0.923." We then run OLS regressions within this sample. As
with other trimming procedures, ensuring greater overlap in the distribution
of covariates makes the results more robust to specification choices.

We also present results based on a bias-adjusted matching estimator pro-
posed by Abadie and Imbens (2002). This estimator uses nearest neighbor
matching to match treated and control girls on the basis of their covariates
and then adjusts for any remaining differences in the distribution of the
covariates with regression techniques. Matching is a nonparametric alternative
to OLS and is often believed to be less subject to misspecification biases. We
apply the bias-corrected matching estimator to the full and trimmed samples.’

B. Heterogeneity of Program Effects

In addition to the overall results on program impact, the study presents
evidence of heterogeneity in the JFPR program effects. For this purpose, we
construct three dummy variables. These correspond to girls who are below
the median of a composite measure of socioeconomic status (SES), described
in greater detail below; girls for whom neither parent has completed primary

* The trimming criterion in Crump et al. (2006) requires that the sample be in the interval
0.5 = v(0.25—y7"), 0.5+ (0.25—y"")), where 7y is the solution to vy = 2E[[P(X)1 —
PX)1! |[P(X)(l —PX)I ' <L Crump et al. show that trimming by this criterion minimizes
the variance of the estimated effects. They apply the estimator to the well-known LaLonde (1986)
experimental data and show that the trimming procedure appears to work well in practice; for
another recent application, see Chen, Mu, and Ravallion (2006). We also experimented with
procedures that trimmed girls who did not receive scholarships and had propensity scores below

the lowest propensity score among scholarship recipients (as suggested by Dehejia and Wahba
[19991) or dropped scholarship recipients and nonrecipients with values of the propensity score
below a given cut-off (as suggested by Smith and Todd [2005}). Both of these procedures have
the disadvantage that the choice of cut-off for trimming is arbitrary. However, results are very
similar when these methods are used to trim the data; these results are available from the authors
upon request.

> Abadie and Imbens (2002) show that their estimator works well in practice by applying it to
the LaLonde (1986) experimental data; other recent applications include McKenzie, Gibson, and
Stillman (2006) and Schady and Araujo (2008). See also Imbens (2004) for a thoughtful discussion.
The results we report are very similar when, instead of the Abadie and Imbens bias-corrected
matching estimator, we match on the propensity score, 7, as first proposed by Rosenbaum and
Rubin (1983), or when we run OLS regressions in which scholarship recipients are given a weight
of 1/m;, and nonrecipients are given a weight of 1/(1 — ), as proposed by Hirano, Imbens, and
Ridder (2003); these results are available from the authors upon request.
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school; and girls who lived more than 4 kilometers from the JFPR secondary
school at the time they completed the application form. We then run separate
regressions that include one of these dummies D,, the dummy variable for
whether a girl received a scholarship T, and the interaction term (D, X T):

Y, =% +X, y+Dr+T¢ +D xT)d, +e,. (€)

Interpretation of the coefficients on these variables is straightforward: for ex-
ample, in the specification that tests for heterogeneity of treatment effects by
socioeconomic status, the coefficient 7 is an estimate of the difference in
enrollment (or attendance) between girls of “low” and “high” socioeconomic
status; the scholarship effect for high-SES girls is given by the coefhicient ¢,;
the corresponding effect for low-SES girls is given by the sum of the coefficients
¢, and ¢,. If @, is statistically significant, there is evidence of heterogeneity
of treatment effects.

C. Correcting for Possible Selection on Unobservables

The two most important potential concerns for our results are selection on
unobservables and selective transfers of girls to non-JFPR schools. We do not
believe that selection on unobservables is likely to be a serious problem.
Students were enrolled in primary school at the time they applied for schol-
arships, while the selection of beneficiaries was done by the LMC of a JFPR
secondary school. Therefore, members of the LMC would generally not know
the girls in question, many of whom would live in different villages or neigh-
borhoods, and would have had little information (if any) on the academic
ability or socioeconomic status of a given applicant above and beyond the
information provided on the application form.

Nevertheless, we use regression discontinuity (RD) to estimate treatment
effects that are arguably robust to unobserved differences between treatment
and control groups. The basic logic of RD exploits a discontinuous jump in
the probability of receiving a program for observations above and below an
eligibility threshold. If the control function used to capture the relationship
between the covariate that determines eligibility and outcomes is correctly
specified, and if there is no discrete jump in unobservables at the threshold,
RD can provide local estimates of treatment effects that are as good as those
derived from a randomized experiment (see Hahn, Todd, and Van der Klaauw
2001; Lee 2008). In the literature on schooling outcomes, RD has been used
to estimate the impact of class size on test scores in Israel (Angrist and Lavy
1999) and Bolivia (Urquiola 2006), financial aid on college enrollment in the
United States (Van der Klaauw 2002), financial incentives for schools on test
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score outcomes in Chile (Chay, McEwan, and Urquiola 2005), and pension
income on enrollment in South Africa (Edmonds 2006).

The JFPR scholarships were generally awarded to girls with low socioeco-
nomic status. However, program rules established that no more than 45 schol-
arships could be awarded in any given school. As a result, when we rank girls
within a school by a composite measure of SES, we observe a sharp drop in
the probability of receiving a scholarship around the threshold given by the
45th girl with the lowest SES. The RD estimates exploit this discontinuity
to estimate program impact:

Y, =x.+t/R,.)+Tm+u, “@

where R is the within-school rank by the composite measure of socioeconomic
status, also known as the control function, and the function f is a flexible
parameterization—in practice, a quadratic or a cubic. Because the relationship
between the rank of an application by this measure of SES and scholarship
receipt is not deterministic, this is a case of “fuzzy” (rather than “sharp”) RD.
Equation (4) is therefore estimated by two-stage least squares, with T, in-
sttumented with a dummy variable that takes the value of one if a girl is
ranked below 45 by the composite measure of SES (following Hahn et al.
2001).

D. Correcting for Possible Selective School Transfers
The treatment effects we estimate are measures of the impact of the JFPR
scholarship program on enrollment and attendance at JFPR-eligible schools.
These are of interest in and of themselves. However, these estimates may not
be an accurate reflection of the impact of the scholarship program on overall
enrollment and attendance if some applicants to the JFPR program enrolled
elsewhere. Moreover, because JFPR scholarships were not portable—recipients
had to enroll at the school they applied to in order to receive the $45 transfer—
applicants who were offered scholarships may have been less likely to transfer
to a non-JFPR school than those who were turned down for scholarships.

We do not believe that selective transfers across schools are likely to be an
important consideration. Anecdotal evidence suggests that the scope for school
choice in Cambodia is limited. Nevertheless, we approximate the impact of
the JFPR program on overall enrollment (rather than enrollment at JFPR-
eligible schools) in two ways. The first approach involves estimating bounds.
This is arguably the most flexible, nonparametric approach to dealing with
selection—see, in particular, Manski (1989), Smith and Welch (1989), and
the discussion in Heckman, LaLonde, and Smith (1999).

When an applicant to a given JFPR school did not appear on the eighth-
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grade enrollment rosters and was not present on the day of the school visit,
enumerators asked other eighth-grade students in that school whether they
knew the missing girl. If someone knew the girl in question, they were asked
whether they knew she was definitely enrolled elsewhere, definitely not en-
rolled, or whether respondents were not certain about the enrollment status
of the missing girl. On the basis of the enrollment rosters and the questions
asked of eighth-grade girls during the school visits, we were able to establish
the enrollment status of 95.2% of all girls who had completed scholarship
applications.

One way to think of the approximately 5% of girls whose enrollment status
could not be established is as attritors out of the sample. Note that the
enrollment rate among scholarship recipients is given by the following identity:

Et = ¢91E0l + (bdl‘Eﬂt’ (Sa)

where the subscript # corresponds to “treated” girls. In this identity, E, is the
proportion of treated girls who are enrolled in any school; E,, is the enrollment
rate among scholarship recipients who have not attrited, and ¢, is the pro-
portion of scholarship recipients in this group; E,, is the enrollment rate among
scholarship recipients who have attrited, and ¢,, is the proportion in this
E,, and ¢, but not E
data, and E, can be estimated under alternative values for E . Similarly, for

group. The terms ¢ can be calculated from the

otd at>

girls who were not awarded scholarships,
E.=¢.E, +¢E, (5b)

where the subscript ¢ corresponds to girls in the “control” group. Here too
¢, E,, and ¢, can be calculated, and assumptions have to be made regarding
E,. Following Smith and Welch (1989), we calculate (E, — E,) for values for
E
JFPR program on total enrollment under alternative assumptions about the

. and E, ranging from O to 1. This provides estimates of the effect of the
behavior of girls whose enrollment status could not be determined.
Calculating bounds is convincing because it imposes no assumptions on
identification. However, bounds may not provide unbiased estimates of pro-
gram effects on total enrollment if the information provided by students is
inaccurate. Our second approach to selection uses administrative data from
the Cambodia EMIS. These data are available at the school level, although
school openings, closures, merges, and changes in school name make it difficult
to use the school-level data. For our purposes, it is more useful to aggregate
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enrollment data to the district level.® In 2004, the last year for which the
EMIS data were available for this study, there were 173 districts in Cambodia.
We exclude 17 districts from the analysis because in these officially designated
“ethnic minority areas” a parallel scholarship scheme was available for boys;
as we discuss below, boys serve as an additional control for our district-level
estimates. Of the remaining 156 districts, 52 included at least one JFPR-
eligible school. Most districts have more than one secondary school—the
median value is 4, and the corresponding values at the 25th and 75th percentile
are 2 and 0, respectively. Given these figures, it seems likely that a substantial
fraction of transfers across schools occur within the same district.

We use the EMIS data for an application of the familiar double differences
(or differences in differences) specification:

E,—Eu = ot B,J+ v T Eoar—, (6a)

where E, refers to total enrollment of girls in seventh grade in district &, the
subscripts # and # — 1 refer to the 2004 and 2003 academic school years, o,
is a set of province fixed effects, and J is a dummy variable for districts that
include a JFPR school.

The underlying assumption in the double-differences framework is that the
growth in girl enrollment in districts with and without JFPR schools would
have been the same in the absence of the program. We show that this as-
sumption is suspect because there appear to be different trends in girl en-
rollment before the program started, as well as JFPR program “effects” on
the enrollment of boys, who were ineligible for scholarships. Our preferred
specification is therefore a triple-difference specification:

(Egdt - Egdt*l) —(E,,~E,-) =0t Bz] + (ng - ngﬂ)
- (8/;4: - 8/;,/;—1)- (6b)

In this specification, the coefficient 3, measures the extent to which the growth
in girl enrollment, relative to the growth in boy enrollment, was larger in
districts that included a JFPR school than in other districts.

Triple differences is appropriate if the JFPR program did not affect boy
enrollment. In practice, where externalities of this sort have been analyzed in
similar programs, they have been found to be nonexistent (Behrman et al.
[2005} on PROGRESA) or positive (Bobonis and Finan {2006} on PRO-
GRESA; Kremer et al. [2007} on a merit scholarship program for adolescent

Districts in Cambodia are an intermediate administrative unit—Ilarger than communes but smaller
than provinces.
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TABLE 1
CHARACTERISTICS OF SCHOLARSHIP RECIPIENTS AND NONRECIPIENTS AT BASELINE
Recipients Nonrecipients Difference SE

Parents own business .00 .08 —.08 .02
Either parent is a government employee .01 .14 -.13 .02
Parent lends money regularly .00 .06 -.05 .01
Parent completed primary school .09 .40 -.30 .03
Parent completed secondary school .01 .06 -.05 .01
Main part of house made of cement or

brick .00 .08 -.08 .02
Roof made of tiles, metal, or fiber 15 56 —.41 .03
Land ownership by household > 1

hectare .07 .33 -.26 .03
Own a large asset (>1,000,000 riels) .01 15 —-.14 .02
Own a truck .00 .01 -.01 .00
Own a car .00 .01 -.01 .00
Live with both parents .70 .83 -.13 .02
Live with one parent .23 19 .04 .02
Live in a hut .53 .30 .23 .03
Earthen floor .35 .28 .07 .03
Family has motorbike or trailer .04 .27 -.23 .02
Family has bicycle .48 72 —.24 .03
Family has ox and cart .20 44 —.24 .03
Family has pony and trap .02 .05 -.03 .01
Family has no means of transportation 49 .25 .24 .03
Family has debts > 100,000 riels 79 .54 .25 .03
Number of brothers 2.26 2.36 -.10 .07
Number of sisters 2.84 2.70 14 .07
Applicant disabled .04 .02 .01 .01
Other household member disabled 15 A3 .02 .02
Applicant or other household member

has disease .32 .20 A2 .02
Distance to secondary school (km) 417 3.61 .56 .15
Number of observations 2,765 858 3,623

girls in Kenya). Note that if the JFPR program had a positive effect on the
enrollment of boys, these triple-differenced estimates of JFPR program effects
on girl enrollment would be downward biased.

IV. Results

A. Comparisons of Scholarship Recipients and Nonrecipients at Baseline

We begin with simple comparisons of the enrollment, attendance, and baseline
characteristics of girls who were awarded scholarships and those who were not
in table 1. The table shows that scholarship recipients had significantly lower
socioeconomic status than nonrecipients: recipients had parents with lower
education levels; they were more likely to live in a hut or a house with an
earthen floor and less likely to have houses made of high-grade materials like
cement, brick, tiles, metal, or fiber; recipients were also less likely to own any
one of a number of means of transportation, less likely to own more than a
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hectare of land, less likely to regularly lend money, and more likely to have
debts. These results confirm that the LMCs were successful at targeting schol-
arships to girls with lower socioeconomic status.

Covariate imbalance is a possible source of concern for regression-based
estimates of JFPR program effects. Appendix table A2 summarizes baseline
differences between scholarship recipients and nonrecipients, before and after
trimming and matching (Abadie and Imbens 2002; Crump et al. 2006). The
average raw difference in covariates between scholarship recipients and non-
recipients for the full sample is equivalent to 0.41 standard deviations; the
difference in the trimmed sample is 0.27 standard deviations. The average
difference in the matched pairs of scholarship recipients and nonrecipients is
0.23 standard deviations in the full sample and 0.20 in the trimmed sample.

Trimming and matching remove a substantial fraction of the imbalance in
the covariates. As an additional robustness check, we apply the bias-corrected
matching estimator to the trimmed sample and estimate “program effects”
for each of the covariates in table 1. These results, which are reported in the
last column in appendix table A2, show that the estimated “effects” are gen-
erally not significant. There are a handful of exceptions to this general pattern,
but in every case the socioeconomic status of scholarship recipients is lower
than that of matched nonrecipients. For example, after matching with the
trimmed sample, scholarship recipients are significantly less likely to have
parents who have completed primary school or secondary school. We would
therefore expect that, if anything, any remaining difference in the distribution
of covariates would lead to downward biases in our estimates of JFPR program
effects.

B. Main Results of Program Impact

The main results of program impact on attendance (top row) and enrollment
(bottom row) are presented in table 2. Column 1 presents the raw difference
between scholarship recipients and nonrecipients, without any adjustments for
covariates. Column 2 is based on OLS regressions that include all of the
characteristics on the application form. Column 3 supplements these controls
with school fixed effects. Column 4 corresponds to a specification that includes
all of the girls that applied for scholarships, regardless whether the application
forms were complete; in this specification, the missing control variable is
replaced with a zero, and a set of dummy variables indicating missing data
(one for each covariate) is included in the regression. Column 5 is based on
OLS regressions with the trimmed sample. Columns 6 and 7 report the results
from the bias-corrected matching estimator, for the full and trimmed samples,
respectively. Applicants from a given area may have error terms that are
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TABLE 2
BASIC RESULTS ON PROGRAM IMPACT
OLS + Nearest
School FE, OLS + Nearest  Neighbor
Raw OLS + Dummies  School FE, Neighbor Matching,

Difference OLS School FE  for Missing ~ Trimmed ~ Matching  Trimmed
m @ @) @) ®) ©) @)

Attending on the day of school visit:

Scholarship .223 299 313 .305 319 299 313
(024)%*%  ((025)%**  (.023)*** (.020)*** (.024)x** (040)***  (.045)***

Observations 3,623 3,623 3,623 5,138 3,065 3,623 3,065

R, .05 .09 16 15 18

Enrolled:

Scholarship 222 292 .303 .294 314 .300 .310
(023)%%%  ((025)%**  (.024)%** (021)%** (.025)x** (037)%%*  (.042)***

Observations 3,623 3,623 3,623 5,138 3,065 3,623 3,065

R, .06 .10 .18 A7 19

Note. In cols. 5 and 7 trimming is determined as per Crump et al. (2006), which in this case is the
7.7th and 92.3rd percentile of the propensity score. Robust standard errors are in parentheses.

* Significant at 10%.

** Significant at 5%.

*** Significant at 1%.

correlated; to address this concern, all specifications correct for clustering at
the level of an applicant’s primary school.”

The first column in table 2 shows that the raw difference in enrollment
and attendance between scholarship recipients and nonrecipients is about 22
percentage points.® This is a large difference, considering that scholarship
recipients are generally poorer. One would therefore expect that the difference
in enrollment and attendance would increase as adjustments are made for the
distribution of covariates. The remaining columns in the table show that this
is indeed the case. Introducing applicant characteristics as controls in a re-
gression framework (col. 2) results in an estimated program effect of 0.299
on attendance (with a standard error of 0.025), and 0.292 on school enrollment
(with a standard error of 0.025). Including school fixed effects (col. 3), in-
cluding girls with incomplete application forms (col. 4), and running regres-
sions on the trimmed sample (col. 5) all make little difference to the estimates
in column 2. Columns 6 and 7, finally, show that the results from the bias-
corrected matching estimator are also very close to those from the OLS re-
gressions. For example, in the trimmed sample, the estimated effect on at-
tendance is 0.313 (with a standard error of 0.045), and the estimated effect

7 Results are similar when we cluster at the level of the LMC or when no correction is made for
clustering.

¥ On the day of the visit, 80.2% of recipients, but only 57.9% of nonrecipients, were attending;
86.7% of recipients, but only 64.6% of nonrecipients, were enrolled in a JFPR program school as
per the school enrollment rosters.



Filmer and Schady 595

on enrollment is 0.310 (with a standard error of 0.042).° In sum, table 2
suggests that the effect of the JFPR scholarship program on enrollment and
attendance is approximately 30 percentage points. The results are remarkably
robust to trimming of the sample and to different ways of adjusting for
differences in the distribution of covariates.

C. Heterogeneity of Program Effects

We next turn to evidence of heterogeneity in the estimated program effects,
concentrating on comparisons by a composite measure of socioeconomic status,
by parental education, and by distance to school. To generate the composite
measure of SES, we aggregated all of the characteristics on the application
form by principal components (as described in Filmer and Pritchett 2001).
We also considered two alternative ways of aggregating these characteristics.
First, we defined responses on the application form as “goods” or “bads”; we
then generated a variable that is a simple sum of these recoded responses (see
Case, Paxson, and Ableidinger {2004}, Paxson and Schady {2007} for similar
approaches).'” Second, we aggregated the responses on the application form
using the weights suggested in the Programme Implementation Manual. These
alternative measures of SES are both worse predictors of scholarship receipt
than the measure calculated by principal components. This is a disadvantage
for RD estimates of program impact, so the results we report are based on
aggregation by principal components. However, our results are not sensitive
to this choice.""

? The estimates in table 2 are based on matching on the four nearest neighbors. However, our
results are not sensitive to this choice. For example, the estimated program effect on attendance
for the full sample of girls with completed applications reported in table 2 is 0.299 (with a standard
error of 0.040); when matching is performed using only one neighbor the value is 0.336 (with a
standard error of 0.038); and when matching is performed using 16 neighbors, the estimate is
0.302 (with a standard error of 0.042).

10 Specifically, we generated a score that increases by one unit if an applicant has any characteristic
that should reasonably be correlated with higher SES—for example, an applicant whose parents
own a business or one who has at least one parent who has completed primary school—and decreases
by one unit for every characteristic on the application form that should reasonably be correlated
with lower SES—for example, living in a hut or having an earthen floor. Distance to school is first
recoded as a dummy variable for children living more or less than 4 kilometers from school, roughly
corresponding to median distance, and applicants who live closer to a school receive one more
point. The variables for the number of brothers and sisters are not used as it is not clear how to
sign them. The resulting measure of SES has a maximum value of 8, corresponding to applicants
with the highest SES, and a minimum value of —6, corresponding to applicants with the lowest
SES; the median value is —1.

" In a simple regression of a dummy variable for receiving a scholarship on the measure of SES
that follows the program guidelines the R squared is 0.18; in a comparable regression in which
the measure of SES is based on a simple sum the R squared is 0.25; and that in a comparable
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Figure 2. Proportion of girls who complete grade 7 among those who completed grade 5, by economic
status decile, Demographic and Health Survey data. Dashed lines show 95% confidence interval. Deciles
derived from aggregate measure of SES.

We begin our analysis of heterogeneity in figure 1. The figure graphs the
probability of attendance (upper panel) and enrollment (lower panel) by deciles
of the composite measure of SES, separately for scholarship recipients and
nonrecipients. Among scholarship recipients, there are essentially no differences
in enrollment or attendance by socioeconomic status. Figure 1 shows, however,
that there are steep socioeconomic “gradients” in enrollment and attendance
among girls who were turned down for scholarships. Figure 2 presents similar
calculations based on the 2000 Demographic and Health Survey; here too

regression with the measure of SES generated by principal components is 0.27. We also ran
regressions that included a cubic in the within-school rank, with the rank generated by principal
components, a simple sum, or the program guidelines, as well as dummies for girls above or below
the threshold given by the applicant with the 45th lowest rank within a school. In these regressions,
the R squared is 0.23 when the rank is generated with the program guidelines, 0.29 when it is
generated with a simple sum, and 0.32 when it is generated by principal components. Estimates
of treatment heterogeneity as well as RD measures of program impact that use these alternative
measures of SES are are similar but less precise; these are available from the authors upon request.
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there is a clear socioeconomic gradient.'”” The gap between the two lines in
figure 1 is a reduced-form estimate of the impact of the JFPR scholarship
program on school enrollment and attendance for girls of different SES. The
figure is therefore consistent with larger JFPR program effects among girls
with the lowest SES, a point we examine more carefully below.

The main results on treatment heterogeneity are presented in table 3. The
first two columns correspond to estimates of treatment effects for girls above
and below the median of the composite measure of SES; the next two columns
correspond to treatment effects for girls whose parents have both not finished
primary school, compared to girls with at least one parent who has completed
primary school; the last two columns correspond to girls who live more than
4 kilometers away from the JFPR school they applied to, compared to those
who live closer.

Table 3 shows clear evidence of treatment heterogeneity. Focusing first on
the composite measure of socioeconomic status, the results suggest program
effects of 26.4 to 26.7 percentage points on attendance among high-SES girls,
and 42.8 to 43.1 among low-SES girls. A similar pattern of larger program
effects among low-SES girls is found for enrollment. Another way of looking
at these results is to analyze the effect of the JFPR program on differences in
school enrollment and attendance between high-SES and low-SES girls; this
is closely related to the “gradient” discussed above. Table 3 suggests that low-
SES girls are 18.7 to 19.1 percentage points less likely to be attending school
in the absence of the program, and 19.5 to 20.2 percentage points less likely
to be enrolled in school. The scholarship program removes approximately three-
quarters of the difference in school attendance between high- and low-SES
girls, and more than 90% of the difference in school enrollment. These are
very large effects by any standard.

Table 3 shows that the JFPR program also had larger effects on girls whose
parents had little formal schooling, although the differences are only significant
when the dependent variable is school enrollment. Among daughters of high
education parents, the impact of the program on enrollment is between 22.1
and 24.2 percentage points, compared to an impact of 32.3 to 34.1 percentage
points among daughters of low-education parents. Finally, the impact of the
JFPR program is larger among girls living further away from a secondary
school. The interaction term is always significant, regardless whether the de-

"2 The exact list of socioeconomic variables in the DHS is not identical to that on the JFPR
application form. We derive the index of socioeconomic status in the DHS from variables describing
the ownership of a bicycle, cart, boat, motorbike, car, truck, radio, television; the conditions of
the dwelling, such as hard roofing and finished flooring; the availability of electric lighting; the
main source of drinking water; the type of toilet facilities; and the main type of cooking fuel used.
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pendent variable is attendance or enrollment; the magnitude of the coefficient
suggests that the scholarship program fully offsets differences in school en-
rollment and attendance between girls living closer to and further away from
school. In sum, table 3 presents compelling evidence of heterogeneity of
program effects, with significantly larger effects among low-SES girls, girls
from households with low education levels, and girls living far away from a
secondary school."

D. Correcting for Possible Selection on Unobservables

Selection on unobservables could bias estimates of program effects—upward,
if LMCs selected girls who they believed had more academic potential, or
downward, if LMCs selected girls who were poorer in ways that were not
captured on the application form. The main approach we use to correct for
selection on unobservables is RD. Before describing these results in detail,
however, we note one result in table 3 that suggests that selection on unob-
servables was limited. LMC members of a JFPR secondary school should be
less likely to know girls who lived far away from the school they were applying
to. The fact that the last two columns in table 3 show significant program
effects among girls who lived more than 4 kilometers from the school they
applied to provides some reassurance that our estimates are not driven by
selection on unobservables—at least for this group.

To assess the extent to which RD is appropriate, we begin by ranking all
applicants to a given JFPR school by the composite measure of socioeconomic
status. Recall that no more than 45 scholarships could be handed out per
school and that LMCs were encouraged to give scholarships to the “poorest”
45 girls. We would therefore expect a sharp drop-off in the probability of
receiving a scholarship around the girl with the 45th SES rank. However,
since we do not know exactly how each LMC weighted the responses on the
application form, we would also expect to see a fair amount of “fuzziness”
around this threshold.

Figure 3 graphs the probability that a girl received a scholarship as a function
of her within-school SES rank. The figure shows that, for girls with low ranks
(corresponding to low SES relative to other girls applying to that JFPR school)
the probability of receiving a scholarship was high; the probability that a girl
ranked below 40 in a school received a scholarship is 0.876. Conversely, for
girls with high ranks (corresponding to high SES relative to other girls ap-

13 . L . . .

All of the results on heterogeneity are similar if we split the sample—for example, into high-
and low-SES girls—and use the bias-corrected matching estimator within each subsample; these
results are available from the authors upon request.
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Figure 3. Probability of receiving a scholarship, within-school ranking. The ranking is derived from the
aggregate measure of SES. The applicants are ranked within schools.

plying to that JFPR school) the probability of receiving a scholarship was
low; the probability that a girl ranked above 50 in a school received a schol-
arship is 0.128. There is a sharp drop around the threshold given by the girl
with the 45th rank; the probability that a girl who was ranked between 40
and 50 received a scholarship is 0.445.

Figure 3 suggests that an application of fuzzy RD to the applicant data is
appropriate, and a quadratic or cubic may be a reasonable parameterization
for the control function. To further investigate the extent to which the samples
of applicants above and below the threshold are similar, we present the results
from two sets of comparisons in appendix table A3. First, the table shows

that differences in the covariates X between girls above and below the

ist—1
threshold gradually decrease as comparisons are limited to bands that are closer
to the threshold. For example, the mean difference in covariates between girls
who fall below the threshold (ranked 45 and lower) and those who fall above
the threshold (ranked 46 and higher) is 0.54 standard deviations; the com-
parable difference between girls ranked 44 or 45, and those ranked 46 and
47 is only 0.12 standard deviations. Second, we regress every covariate in the
vector X, , on a quadratic or cubic formulation of the control function as
well as the dummy variable for girls below the threshold. Small and generally

insignificant coefficients on the dummy variable for girls ranked below 45
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would suggest that the RD specification effectively accounts for smooth dif-
ferences in the distribution of covariates.'* The results in the last columns of
appendix table A3 show that RD does a reasonably good job equating the
samples of individuals above and below the threshold. A handful of differences
remain, so the RD results presented below should be interpreted with some
caution. Note, however, that when differences are significant, they suggest
that girls below the eligibility threshold have characteristics associated with
lower SES that are not fully captured by the control function. If anything,
estimates that compare the enrollment and attendance of low-rank and high-
rank girls, such as those calculated by RD, may therefore underestimate the
true underlying program effects.

The main results on the JFPR program effects estimated by RD are pre-
sented in table 4. The first four columns present the reduced-form specifi-
cations; in these specifications, the dummy variable for girls with within-
school SES rank of 45 or lower enters directly in the regression. These results
provide further evidence that the JFPR program had an impact on school
enrollment and attendance. Girls with a lower within-school ranking have
higher enrollment and attendance levels. The next four columns present the
structural specifications; in these specifications, the dummy variable for schol-
arship receipt is instrumented with the dummy variable for girls with a within-
school SES rank of 45 or lower. These results suggest program effects of 34-45
percentage points on attendance and 24—37 percentage points on enrollment.

Comparisons of program effects estimated by RD and those estimated by
OLS or matching are not straightforward. RD identifies program effects around
the threshold—in this case, close to the cut-off determined by the girl with
the 45th SES rank within a school. The results in table 3 show that there is
significant heterogeneity of treatment effects by SES, with larger effects for
girls with low SES. A comparison of tables 2 and 4 shows that the program
effects estimated by RD are larger than those from “comparable” specifications
estimated by OLS or matching. One might therefore conclude that, if anything,
LMCs favored girls with a low probability of enrollment and attendance given
their observables, and that this selection on unobservables introduces a down-
ward bias to program effects estimated by OLS or matching. However, this
is a case of fuzzy RD, so the structural estimates in table 4 are based on
instrumental variables. As is well known, these estimate local average treatment
effects (LATE)—program effects for individuals whose likelihood of receiving
the treatment (in this case, the scholarship) was affected by the instrument

' We thank an anonymous referee for this suggestion. See also DiNardo and Lee (2004) and Lee,
Moretti, and Butler (2004) for a similar approach.
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(in this case, whether they fell below the cut-off given by the within-school
rank; Imbens and Angrist 1994). These “compliers,” in the language of Angt-
ist, Imbens, and Rubin (1996), cannot be identified from the data without
additional assumptions, and it is not clear whether one would expect program
effects to be larger or smaller among compliers. Moreover, the confidence
bands around the RD estimates in table 4 are large and always include the
coefficients estimated from comparable OLS specifications. With all of this in
mind, we conclude that it is unclear whether LMCs selected girls for schol-
arships on the basis of unobservables. However, the results in table 4 indicate
that selection on unobservables, if there was any, cannot on its own account
for the program effects we find.

E. Correcting for Possible Selective School Transfers

The treatment effects we estimate are measures of the impact of the JFPR
scholarship program on enrollment and attendance at eligible schools. In
principle, if there were nonrandom transfers of students across schools—in
particular, if the probability of enrolling at a different school was negatively
correlated with scholarship receipt—the impact of the program on overall
enrollment could be smaller than the impact on enrollment at eligible schools.
Externalities could also introduce a wedge between program effects on the
enrollment and attendance of scholarship applicants, reported above, and the
overall effect on enrollment and attendance.

Our first attempt to correct for the possibility of nonrandom transfers is
based on an application of bounds. Recall that enumerators were able to
establish the enrollment status of approximately 95% of scholarship applicants
on the basis of questions asked of their peers during the school visit. Note
that the implied attrition rate, 4.8%, is quite low: as a point of comparison,
loss to follow-up in a recent evaluation of school voucher scheme in Colombia
was almost 50% (Angrist et al. 2002).

We compare the observable characteristics of attritors and other girls in
appendix table A4. The table shows that overall differences are generally small,
as are differences between scholarship recipients and nonrecipients who were
lost to follow-up. Nevertheless, missing data are a source of concern in our
analysis because attrition is correlated with treatment status: in a simple
regression of a dummy variable for attrited applicants on a dummy for schol-
arship recipients, the coefficient is —.100 (with a standard error of 0.008).
Moreover, as is discussed above, girls may have been more likely to enroll in
a non-JFPR school if they were turned down for a scholarship.

To bound the possible effects of selective transfers, table 5 reports estimates
of school enrollment under alternative scenarios about the behavior of girls
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TABLE 5
BOUNDING THE EFFECTS OF SELECTIVE ATTRITION ON ESTIMATES OF PROGRAM IMPACT
Nonrecipients® Recipientsb
Ratio of Ratio of
Enrollment: Enrollment: Overall Enrollment: Enrollment: Overall
Attritors (Attritors / Nonattritors) Enrollment | Attritors (Attritors / Nonattritors) Enrollment
.00 .00 .68 .00 .00 .88
.10 A3 .69 .10 RA .88
.20 .26 .70 .20 .22 .88
.30 .39 71 .30 .34 .88
.40 .52 72 .40 .45 .89
.50 .65 73 .50 .56 .89
.60 .78 .75 .60 .67 .89
.70 .92 76 .70 .78 .89
.80 1.05 77 .80 .89 .89
.90 1.18 .78 .90 1.01 .90
1.00 1.31 .79 1.00 1.12 .90
12 16 .69 .10 1 .88

? Enrollment among nonattritors, .765. Proportion who attrited, .118.
® Enrollment among nonattritors, .895. Proportion who attrited, .018.

whose enrollment status could not be determined (Smith and Welch 1989;
Heckman et al. 1999)."” Consider first a scenario in which none of the missing
girls are enrolled; under this assumption, total enrollment among scholarship
recipients is 0.68, total enrollment among nonrecipients is 0.88, and the
estimated JFPR program effect on enrollment is 20 percentage points. The
corresponding scenario in which all of the missing girls are enrolled suggests
program effects of 11 percentage points. Following Manski (1989), it is also
possible to calculate upper and lower bounds on the treatment effects. The
upper bound corresponds to a scenario in which all the missing girls who are
scholarship recipients are enrolled, while all missing girls who did not receive
scholarships are unenrolled (program effect: 0.90 — 0.68 = 22 percentage
points); the lower bound corresponds to a scenario in which all the missing
scholarship recipients are unenrolled, while all missing girls who did not
receive scholarships are enrolled (program effect: 0.88 — 0.79 = 9 percentage
points). These bounds do not include zero, so selective transfers on their own
cannot account for the fact that the estimated program effects on enrollment
are positive. Note also that these calculations of bounds do not adjust for
observable or unobservable differences between girls who received JFPR schol-
arships and other girls—they correspond to the raw difference in enrollment

Y We present results for enrollment, rather than attendance, as enumerators could obviously not
ask girls in a JFPR school whether other girls not present on the day of the school visit were
attending another school on that day; rather, they could only ask girls in JFPR schools whether
they knew whether the missing girls were enrolled elsewhere.
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in table 2. Given that scholarship recipients were poorer than nonrecipients,
these are downward-biased estimates of the true program effects.

Is it possible to make a plausible guess about the enrollment of girls who
were lost to follow-up? Recall that, by definition, these girls are not enrolled
in a JFPR school. Arguably, the probability of enrollment for attritors who
did not receive a scholarship could be approximated by the enrollment prob-
ability of other girls who were turned down for scholarships and did not enroll
in a JFPR school, but whose enrollment status could be established on the
basis of the answers provided by their peers during the school visits; this
probability is 0.12. Similarly, the probability of enrollment for attritors who
received a scholarship could be approximated by the probability of enrollment
of other girls who received scholarships and did not enroll in a JFPR school,
but whose enrollment status could be established; this probability is 0.10.
The difference in total enrollment rates (E, — E,) under these values for en-
rollment of attrited recipients and nonrecipients, reported in the last row of
the table, is 19 percentage points (0.88 — 0.69).

Calculating bounds is a flexible way of dealing with possible nonrandom
transfers. However, bounds could still present a misleading picture if the
information given by students at JFPR schools about the enrollment status
of other applicants is noisy and, in particular, if measurement error in the
responses is correlated with treatment status. For example, if peers know that
a friend received a scholarship, they might erroneously report that the girl is
enrolled in school based on the presumption that they would attend school
because they received the scholarship.'® As a second attempt to address concerns
about selective school transfers we therefore turn to administrative data on
total enrollment by district.

The results in table 6 report the coefficient from regressions with alternative
measures of enrollment on a dummy variable for districts that included a
JFPR-eligible school and a set of province fixed effects.'” The first three col-
umns correspond to double-differences specifications. The dependent variable
in column 1 is the change in girl enrollment between the 2003 and 2004
school years, E,,, — E,,,_,. The next two columns are checks on the identifying
assumption in the double-differences framework: the dependent variable in
column 2 corresponds to the growth in boy enrollment between the 2003
and 2004 school years, E,, — E,,,_,, while the dependent variable in column
3 corresponds to the growth in girl enrollment between 2002 and 2003,

' We thank an anonymous referee for pointing this out to us.
"7 The EMIS collects data only on enrollment, not attendance, so program effects could only be
calculated for enrollment.
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Egzlt*l
columns in the table are based on triple-difference specifications. In column

— E,,,_,—before the JFPR program had started. The remaining three

4 the dependent variable is the growth in girl enrollment, relative to boy
enrollment, between 2003 and 2004, (E,, — E,,_,) — (E,, — E,,_,). Column
5 is a comparable specification that excludes districts that only had one sec-
ondary school; in these districts there would have been no scope for within-
district transfers, and any transfers would therefore have taken place to schools
in other districts. The last column, finally, presents the results from a triple-
difference estimation in which the dependent variable is the change in girl
enrollment, relative to boy enrollment, between 2002 and 2003, (E,,_, —
E,_,) —(E,,_, —E,,_,). This specification is presented as a validity check
on the identifying assumption in the triple-differences framework.

The coefficient in the double-difference specification in column 1 shows
that the enrollment of girls grew by 44.5 more students in districts that had
a JFPR school than in other districts. The coefficients in the next two columns
suggest, however, that assigning a causal interpretation to this coefficient is
suspect: the enrollment of boys, who were ineligible for scholarships, also grew
by more in districts that included JFPR schools, and the enrollment of girls
grew by more in districts that included a JFPR school even before the program
started. We therefore turn to the triple-difference specifications. The results
in column 4 show that girl enrollment relative to boy enrollment grew by
23.9 more students in districts with a JFPR school; the coefficient is very
similar if we exclude districts that only had one school (col. 5). Column 6,
finally, shows that the trends in relative girl-boy enrollment were the same
in districts with JFPR schools and in other districts before the program started.
The coefficient on the “treated” districts is 0.83 (with a robust standard error
of 12.3), a finding that provides considerable reassurance of the triple-difference
identification strategy.

What is the magnitude of the implied effect on enrollment? Thirty-four
districts had exactly one JFPR school, 13 had exactly two, and 5 had exactly
three.'”® The mean number of JFPR schools in a district that had any JFPR
schools is therefore 1.44, implying that on average 65 scholarships (45 x
144) were awarded in districts that had at least one JFPR school. The co-
efficient in column 4 suggests that just over a third (23.9/65) of these schol-
arships resulted in an additional girl enrolled in school. It is not possible to
directly compare this figure—an estimate of enrollment in seventh grade, 1

'® We exclude districts that were officially designated as “ethnic minority areas,” since a comparable
scholarship program for boys was offered in these districts. The total number of JFPR schools in
the sample of 156 districts is 75.
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year after the beginning of the program—with the coefficients in tables 2 and
4—estimates of the probability of enrollment in eighth grade, 2 years after
the beginning of the program. We note, however, that the implied effects are
remarkably close to one another. If the bulk of transfers from JFPR schools
to non-JFPR schools happen within districts, as seems plausible, the results
in table 6 are robust to selective transfers across schools. Tables 5 and 6 thus
suggest that estimates of the effect of the JFPR program on enrollment in
eligible schools may provide a reasonable approximation of the effect on overall
enrollment.

V. Conclusion

Raising the schooling levels of girls is generally seen as an important priority
for many developing countries. In spite of this, the evidence on programs that
effectively increase school enrollment in low-income countries—including en-
rollment of girls—continues to be sparse. In this study we estimate the impact
of a scholarship program for poor girls in Cambodia. Our main finding is that
enrollment and attendance rates among scholarship recipients were approxi-
mately 30 percentage points higher than they would have been in the absence
of the program. The effects we estimate are remarkably insensitive to different
ways of “controlling for” observable differences between scholarship recipients
and nonrecipients. Moreover, the implied effects are large: as a point of com-
parison, Schultz (2004) estimates that the highly regarded PROGRESA pro-
gram in Mexico increased the transition from sixth grade, the last grade in
primary school, to seventh grade, the first year of secondary school, by 11.1
percentage points—about one-third the magnitude of the effect of the JFPR
program in Cambodia. Because enrollment rates in low-income countries like
Cambodia tend to be much lower than those in middle-income countries like
Mexico, the potential scope for program impacts may be larger in the poorest
countries."”

' To put the magnitude of the estimated JFPR program effects into context, we compare them
with the cross-sectional elasticity of enrollment with respect to expenditures. For this purpose, we
used the 2004 Cambodia Socio-Economic Survey (CSES) and regressed completion of grade 7 on
household per capita expenditures (among girls who had completed grade 5). These results suggest
that a 1% increase in expenditures is associated with a 0.24 percentage point increase in grade 7
completion. By matching the characteristics of recipients among applicants to the JFPR scholarship
program with girls in the CSES we estimate that mean predicted expenditures among scholarship
recipients is US$151. An increase of $45 is therefore a 29.7% increase, from which we would
expect a 7.1 percentage point (29.7 X 0.24) increase in grade 7 completion. Since we estimate
that the impact of the program was on the order of 30 percentage points, these back-of-the-envelope
calculations suggest that the JFPR program effects are substantially larger than would be expected
from the simple income effect associated with the transfer.
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As in many other contexts, we find significant evidence of heterogeneous
treatment effects in Cambodia. The impact of the program on enrollment and
attendance is largest for the most disadvantaged girls—girls of lower socio-
economic status, girls with lower parental education levels, and girls living
further away from school. As a result, the JFPR program appears to have
dramatically reduced socioeconomic gradients in enrollment and attendance.

Two potential concerns with cross-sectional, nonexperimental estimates like
the ones reported in this study are selection on unobservables and selective
transfers from program schools to other schools. Program effects estimated by
regression discontinuity are somewhat larger than those estimated by OLS or
matching; we conclude that selection on unobservables is unlikely to be im-
portant in our data. An application of bounds, and triple-difference estimates
of program effects using administrative data both suggest that selective trans-
fers across schools are not empirically important; we conclude that the estimates
we present of the impact of the program on enrollment at eligible schools are
likely to be a good approximation of the effect on overall enrollment.

Our results show that demand-side incentives can effectively increase the
school enrollment and attendance of girls in one of the poorest countries in
the world, with weak public sector institutions and relatively low quality
schooling. Nevertheless, this study leaves some important questions unan-
swered. Chief among them is the effect of the scholarship on other schooling
outcomes, including repetition rates and measures of performance like test
scores. Moreover, in the absence of empirical evidence on the effectiveness of
other interventions to improve schooling outcomes in Cambodia, we cannot
draw convincing cost-effectiveness comparisons or estimate whether the schol-
arship amount set by the JFPR program was “too large” or “too small” to
induce a given change in girl enrollment. Nevertheless, given the paucity of
evidence from low income countries, these estimates of large program impacts

may be cause for optimism.



Appendix

TABLE A1
DIFFERENCES IN CHARACTERISTICS AT BASELINE: COMPLETE AND INCOMPLETE APPLICATION FORMS
Complete Incomplete
Application Application
Form Form Difference SE
Parents own business —.01 .03 .04 .05
Either parent is a government
employee -.03 .06 .09 .04
Parent lends money regularly —-.03 .07 .10 .05
Parent completed primary school -.01 .03 .04 .04
Parent completed secondary school —-.03 .08 1 .05
Main part of house: cement or brick -.01 .03 .04 .04
Roof made of tiles, metal, or fiber —.05 11 16 .05
Land owned > 1 hectare -.03 .08 NN .06
Own a large asset (>1,000,000 riels) —.06 14 .20 .05
Own a truck —.04 .09 A3 .06
Own a car —.04 .10 14 .06
Live with both parents .00 .01 .01 .04
Live with one parent .03 —-.08 -1 .03
Live in a hut .06 -.15 -.21 .04
Earthen floor .05 -.12 =17 .04
Family has motorbike or trailer —.05 12 16 .05
Family has bicycle —-.03 .06 .09 .04
Family has ox and cart —.05 12 A7 .04
Family has pony and trap .01 -.02 -.03 .05
Family has no transportation .08 -.18 -.26 .04
Family has debts > 100,000 riels .06 —.14 -.21 .05
Number of brothers .00 .00 .00 .04
Number of sisters .02 —.04 -.05 .04
Applicant disabled -.03 .07 .09 .04
Other household member disabled -.03 .06 .09 .04
Applicant/other member has disease .02 —.04 -.05 .04
Distance to secondary school (km) .01 —-.02 —-.03 .05
Average (of absolute values) 1

Note. Variables are normalized: (X — Mean)/SD.
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