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The impact of a school-based
management program on
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a case study of Redes Amigas in
rural Ecuador

ABSTRACT. Education decentralization plays an important role in Latin
America. Most experiences of decentralization, based on transferring
school administration to local communities, come from Central America,
where the main objective was to improve school enrolment in remote
rural areas. These experiences did not incorporate explicit objectives re-
lated to the improvement of the learning process. The Ecuadorian expe-
rience is novel because it represents a similar decentralization strategy
but the main objective is to improve students’ cognitive achievements.
This chapter evaluates the impact of decentralization of rural schools in
Ecuador on students’ cognitive achievements. By using propensity score
matching on a restricted sample of program applicants, the study finds
evidence of significant and positive effect of Redes Amigas on students’
test scores. The impact can be attributed to both the improvement of
school inputs and changes in the school management structure. Howev-
er, significant and negative impact on bilingual (Spanish and Quichua)
schools is found, potentially, reflecting a problem of culturally inade-
quate curricula. Because of data limitations results are inconclusive and
tentative.
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3.1 Introduction

This chapter evaluates the impact of decentralization of education on
students’ cognitive achievement in rural Ecuador. Decentralization plays
an important role in education policy in Latin America. Broadly, two
types of decentralization strategies have been applied across the region.
First, Mexico and some South American countries implemented a trans-
fer of some administrative functions from the central government to lo-
cal governments. Second, some Central America countries implemented
a transfer of administrative and pedagogical issues from the central gov-
ernment to schools. The Ecuadorian experience corresponds to the lat-
ter. Despite the importance of such decentralization processes, empirical
evidence that evaluates the impact of decentralization on students’ cogni-
tive achievements is scarce. This chapter reviews the literature on this
topic and evaluates the impact of a school-based management experience
on test scores in rural Ecuador. The novelty of the Ecuadorian expe-
rience is that it represents the first example where improving students’
learning is stated as an explicit objective. In contrast, most of the
school-based strategies from Central America focused on improving
school enrolment in remote rural areas. In methodological terms the
chapter combines a pipeline design with propensity score matching. Pro-
gram implementation in certain schools was delayed due to administra-
tive issues, and this provides the possibility of constructing an adequate
control group using those schools that had decided to participate but
were unable to do so due to these administrative reasons (additional de-
tails are provided in the succeeding sections).

The chapter is organized as follows. The following part discusses the ex-
periences of decentralization of education in Latin America. The third
part presents the Ecuadorian experience. The fourth part introduces the
methodological approach used. The following part gives some descrip-
tive statistics and introduces the data used. The sixth part presents the
main results, and the last part concludes.
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3.2 Experiences of decentralization of education in Latin
America

3.2.1 The debate over decentralization

Most Latin America countries started to decentralize their education sys-
tems during the 1990s. From a theoretical point of view, there are several
arguments that may be advanced in favor of and against decentralization
of education.

The main benefits of decentralization are related to the fact that
people at the local level, or those who are closer to the classroom (teach-
ers, parents and students in the case of education), have better informa-
tion than the civil servants of the central government, and thus are better
able to make decisions to improve schools (King and Ozler, 2000). In
this regard, it is assumed that decisions made by those who are closer to
the school are better and more efficient' than decisions made by authori-
ties from the central government, because the former can make use of
information about local preferences (Di Gropello, 2006). Furthermore,
decentralization, when it was thought to transfer schools to private and
municipal sectors, was assumed to encourage local competition. In this
case it is understood that local competition can improve school efficien-
cy. In addition, decentralization is expected to provide local consumers
with greater voice and increase accountability because local people can
better control their schools (Winkler and Gershberg, 2000). This reform
presumes a well-functioning democracy whereby all the externalities of
education are tended to locally.

Among the proponents of decentralization in education, it is argued
that the reform will have a direct impact on improving schools, local par-
ticipation, as well as local competition and technical efficiency (first
round effects). As a result of these first round effects, decentralization
will have an indirect impact on the learning process leading to better
cognitive achievements of students (second round effects). Despite these
arguments, empirical evidence on the effects of decentralization is scarce.

Amongst the cons of decentralization, it is argued that if there are lo-
cal elites that gain control over local decision-making, then the process
can lead to the existence of non-democratic structures in the decision-
making process, and social welfare may not improve (Winkler and
Gershberg, 2000). In political terms, this could lead to a consolidation of
local caudillismos. Furthermore, if externalities associated with education
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are distributed beyond the confines of the locality, there is a strong ar-
gument for a high participation of central government in financing local
education. Additionally, the different degree of technical development at
the local level can influence the results of decentralization. In this regard,
decentralization may worsen the provision of public goods if local gov-
ernments lack administrative capacity (Galiani and Schargrodsky, 2001).
It is assumed that local governments with greater administrative capacity
can lead to better decentralization experiences than governments that
lack technical capabilities. Finally, another argument against decentraliza-
tion is that the agent” (schools), once given decision-making autonomy
could use it opportunistically, putting its own interest before the national
interest, thereby taking advantage of the fact that the principal (the Min-
istry of Education) will not observe the true effort of the agent. Howev-
er, this moral hazard issue can be offset by the existence of a second prin-
cipal through community participation (Di Gropello, 2000)

In any case, as can be observed, most of the theoretical debate is
based on assumptions that should be empirically examined. One of the
main problems in the debate on decentralization is the scarcity of empir-
ical studies aimed at evaluating these assumptions, or in other words, the
empirical analysis of the effects of decentralization.

3.2.2 Experiences with decentralization

As previously stated, in practical terms, there are two kinds of decentrali-
zation strategies in the region. First, a strategy based on transferring key
administrative school decisions from the central government to local
governments (municipal decentralization). Second, a strategy based on
giving local communities the decision-making power on key aspects of
the education process (school-based management strategy SBM).” De-
spite the focus on educational decentralization in Latin America, empiri-
cal evidence on its impacts on students’ achievements is scarce. In this
section a summary of the main experiences of decentralization in the re-
gion is presented. The summary focuses on impact evaluation studies.
Regarding decentralization experiences in Latin America, Chile’s
reform is the most representative case of municipal decentralization or
privatization. Chile started its decentralization in the early 1980s by
transferring schools from the central government to municipalities or
private agents (privatization). In addition, the amount of resources
granted to schools, by the central government, was proportional to the
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number of students attending each school (Espinola, 1997). The central
government kept the role of financing education, as well as determining
the curriculum. On the other hand, municipal governments and private
agents were in charge of contracting teachers, administering schools,
training teachers and maintaining and constructing school buildings
(Espinola, 1997). From the beginning, the process did not incorporate
an impact evaluation strategy. As a result, there are no experimental stu-
dies of the impact of decentralization on education outcomes. However,
a simple comparison of student achievement scores throughout the
1980s shows a decline in learning. In addition, the real per-student edu-
cation spending also declined in the same period (Winkler and Gersh-
berg, 2000). More recently, a study conducted by Hsieh and Urquiola
(2003) found no significant effects of decentralization on school out-
comes at the aggregate (municipal) level. Based on panel data from about
150 municipalities, the paper explored the effect of the reform on test
scores, repetition rates, and years of schooling. In this case, the study
exploits the fact that the privatization of schools would have a greater
impact in communities with larger markets (where the demand for pri-
vate schooling would be greater), and little impact in communities with
reduced markets. As long as the differential impact is driven by commu-
nity characteristics that are fixed over time, the impact of the program is
measured by comparing the change in educational outcomes in urban
and wealthier communities, to that in communities where private school-
ing increased to a lesser degree. As mentioned above, the paper finds no
significant effects at the municipal level, although it finds a significant
increase in the enrolment of better students in private schools. In fact,
private schools attracted students from families with higher levels of in-
come and schooling, leading to a fall in student-outcomes of public
schools because the better students of public schools migrate to private
schools.

During the 1990s, the Chilean government took additional steps to-
ward school decentralization. Improving school inputs, promoting peda-
gogical innovations, and specific interventions aimed at the most disad-
vantaged schools were the central components of this phase of the
decentralization. This process, again, did not incorporate an impact eval-
uation design, and, consequently no experimental evaluation studies are
found.
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On a descriptive level, during the 1990s, the real per capita education
expenditures, including teachers’ salaries increased. In addition, more
stable labor conditions for teachers were guaranteed. Finally, the evolu-
tion of test scores indicates a significant improvement during the period.

One specific intervention directed toward improving the quality of
the most disadvantaged schools was the program called P-900. The pro-
gram started in 1990 and was targeted at schools ranking below the re-
gional average test score (for fourth grade in math and language). The
intervention included four components: school infrastructure, instruc-
tional materials (special textbooks), teacher-training, and tutorial work-
shops for children with low performance. An impact evaluation study by
Chay, McEwan and Urquiola (2005) finds a significant effect of the pro-
gram on fourth grade test scores in math and language of around two
points between 1988 and 1992. The study used a regression discontinuity
design and exploited the fact that schools scoring below the average re-
gional test score received the program, while schools scoring above did
not. By comparing schools just below the average regional test score
with those scoring just above, the study finds unbiased estimates of pro-
gram impact.

Argentina is another example of municipal decentralization. The
country decentralized the administration of the primary system during
the 1960s and 1970s. As a consequence, school-administration was trans-
ferred to provincial governments. The administration of secondary
schools was transferred between 1992 and 1994. The following actions
were transferred to the provinces at the secondary school level; the ad-
ministration of subsidies and the regulation of private schools, the de-
termination of expenditures, the allocation of personnel and non-
personnel budget, the appointment and dismissal of directors, teachers
and staff, the salary decisions, the definition of the calendar year, and the
opening or closure of schools. Schools can choose textbooks, teaching
and evaluation methods, and to some degree the content, but in consul-
tation with the provincial authority (Galiani and Schargrodsky, 2001). An
impact evaluation of the decentralization of secondary schools, con-
ducted by Galiani and Schargrodsky (2001), finds a positive and signifi-
cant effect on public school students’ test scores in both language and
mathematics. The study considers, as a source of exogenous variation,
the fact that the transfer of secondary schools to provincial governments
was made between 1992 and 1994. School transfers were scheduled
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through the signature of bilateral agreements between the federal gov-
ernment and each province, and took place between February 1992 and
January 1994. This political experiment generates an exogenous variation
in the jurisdiction of administration of secondary schools across time and
space, and is used as an instrument to identify the causal effect of decen-
tralization on students’ cognitive achievements. On average, between
1994 and 1998, test outcomes of public schools improved 1.2 standard
deviations from its distribution as a result of the decentralization process
(Galiani and Schargrodsky, 2001). Another important conclusion of this
study is that the impact of the program depends on province characteris-
tics. The study finds that the impact was positive when schools were
transferred to fiscally ordered provinces, but negative when provinces
run significant fiscal deficits (Galiani and Schargrodsky, 2001). In this
regard, the study concludes that the efficiency of the decentralization
process depends on the level of technical development of the local gov-
ernments.

Additional examples of decentralization based on transferring admin-
istrative issues to municipalities are found in Brazil, Mexico, Bolivia and
Colombia." Unfortunately, there are no impact evaluation studies of
these decentralization experiences.

Regarding the second type of decentralization (SBM), some interest-
ing experiences can be found especially in Central America. The first ex-
perience with a SBM program is EDUCO (Educacion con participacion de la
comunidad) from El Salvador. The program started in 1991 and trans-
ferred school administration to community education associations (Aso-
ciaciones comunales para la educacion, ACEs). ACEs are in charge of adminis-
tering and managing schools, selecting, hiring and monitoring teachers,
building and maintaining schools, while the Ministry of Education con-
tracts them to deliver a given curriculum to a certain number of students.
EDUCO schools can be established in rural areas and provide pre-
school and basic education (grades 1-9). In addition, there must be at
least 28 students per grade in the community and no other education
services. The main objective of the program was to expand educational
access for children from remote rural areas. No specific objectives re-
garding students’ cognitive achievements were established. However, an
impact evaluation conducted by Jimenez and Sawada (1999) found sig-
nificant and positive impacts of the program on language test scores’ and
on student attendance. The study used an education production function
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approach to evaluate the impact of EDUCO, where the outcome va-
riables (test scores or days attended) were regressed on student, school
and community characteristics. To deal with the problem of endogeneity
due to program selection, the study used instruments such as the propor-
tion of EDUCO schools, and traditional schools at the municipal level.
It is assumed that these percentages affect the likelihood that a student
will attend an EDUCO school without directly affecting the education
production function at the student level.

In 1993, the Nicaraguan government established, as a pilot project,
management boards (Consejos directivos) in 24 secondary public schools® to
ensure the participation of school-teachers, parents and students in mak-
ing school decisions. Initially, the program was directed toward second-
ary schools, and transferred key management tasks from central authori-
ties to the directive councils. The school councils were in charge of
hiring and firing teachers and administrative staff, maintaining the school
building, making and overseeing budget allocations, generating additional
financial resources (students fees), overseeing teacher performance and
making pedagogical choices (Di Gropello, 2000).

Unlike in El Salvador,” the goals of Nicaraguan reform were to in-
crease the efficiency and effectiveness of education services (students’
attendance, and students’ test scores) (Di Gropello, 2006). By the end of
1995, the program covered around 100 secondary schools, and was ex-
tended to primary schools. At the primary school level the program took
on two forms. One was for urban schools, which is similar to the sec-
ondary school model and another for rural schools (Nicleos Educativos
Rurales Autinomos (NER)). The latter is a group of schools formed
around a central school, which functions as a single school network. A
central council administrates the NER. Its directive council is based in
the central school, which is usually the largest in the group and the only
school that has a director. At the end of 2005, there were over 200 single
autonomous primary schools and 42 NERs consisting of two to four
schools each (King and Ozler, 2000). An impact evaluation conducted by
King and Ozler (2000) found a significant and positive impact of de facto®
decentralization on students’ test scores at the primary level both in ma-
thematics and language. The study used a propensity score matching me-
thod, as well as an instrumental variable approach to evaluate the effect
of both de jure and de facto decentralization on school outcomes. The in-
struments used were schools characteristics (enrolment and directot’s
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characteristics), and municipal level variables (mean levels of education
and infrastructure and its variances). A potential problem of the study is
that the instruments used may not be particularly credible. It is hard to
imagine that characteristics of the school and director are not related to
student performance. Finally, the paper finds no significant effect of the
program at the secondary school level (King and Ozler, 2000).

Additional examples of school-based management experiences are
found in Guatemala (PRONADE) and Honduras (PROHECO). In such
cases the main objective, such as in El Salvador, is to expand school
enrolment in isolated rural areas affected by conflict, poverty and natural
disasters.” However, no impact evaluation studies of those experiences
are available. In South America, one can also find some examples of
school-based management experiences such as the case of Minas Gerais
in Brazil."

As the summary above suggests, the existing empirical studies display
different levels of analytical rigor. While there are no experimental stu-
dies to evaluate the impact of decentralization, the few quasi-
experimental studies that do exist suggest that the results of the effects
of decentralization on school outcomes are context and country specific.
Regarding decentralization based on the transfer of administrative issues
from the central to the local governments, there is some evidence show-
ing that the impact depends on the political, administrative and financial
capacity of local governments. The decentralization process can be suc-
cessful in those local governments with high levels of development,
while it can be a disaster in those local governments with low levels.

In the case of privatization, no significant effects at the municipal lev-
el are found in the Chilean experience. Nevertheless, deterioration in the
performance of public schools because of the migration of better stu-
dents from public to private schools is found.

In the case of targeted interventions directed to improve the quality
of schools with low academic performance, a significant and positive
impact is found.

Finally, in the case of SBM programs, empirical evidence on its im-
pact on students’ cognitive achievement is not absolute. It should be
emphasized that most of these programs, especially in Central America,
were established to increase school enrolment in remote rural areas and
do not have explicit learning objectives. Therefore, it should not be sur-
prising to find no significant effects on test scores.
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The importance of the decentralization of rural areas in Ecuador
through Redes Amigas is that the program belongs to the second type of
decentralization reform in Latin America (SBM), but includes explicit
learning objectives. In fact, unlike the Central America experiences of
SBM, where the main objective was to improve school enrolment in re-
mote rural areas, the main objective of Redes Awmigas was to improve stu-
dents’ cognitive achievements.

3.3 Decentralization of education in Ecuador

PROMECEB-REDES AMIGAS started to operate in 1990. The pro-
gram had two phases: from 1990 to 1999 (PROMECEB) and from 1999
to 2005 (REDES AMIGAS).The main objective of the program was to
improve students’ cognitive achievements in the rural areas of Ecuador
through the decentralization of school management and community par-
ticipation. To this end, schools were assigned to medium-size administra-
tive units called Centros Escolares Matrices (CEMs). Each center supervised
between 15 and 30 schools, compared to the previous institutional
framework, where one administrative unit (Direccidn provincial) supervised
up to 3000 schools. In the second phase of this program, starting in
1999, schools in the same CEM were encouraged to organize themselves
into autonomous school networks (Redes Amigas). These networks have
received additional resources coming from the program to define their
own teacher-training strategy, and budget for infrastructure and teaching
materials.

To support the school network program, participating community
boards received a substantial amount of training and advisory services
from the central administration. The total budget of the program in its
second phase was $50 million, of which $45 million came from the Inter
American Development Bank, and $5 million from the Ecuadorian gov-
ernment. The program was supposed to end in 2002, but an extension
was approved and the program finished at the end of 2004. From 2005
onwards, the program becomes a permanent activity of the Ministry of
Education. In fact, an administration unit in charge of coordinating
school networks (Redes Amigas) was created in the Ministry of Education.

Every network had, on average, 12 schools, 750 pupils, and 31 teach-
ers. A directive council, made up of 4 teachers, 3 members from the par-
ents’ commiittee, and 1 person from the community was put in charge of
decisions related to administrative and pedagogical issues. In the peda-
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gogical realm, the directive council was advised by the pedagogical com-
mittee, which consisted of the deputy director of the network and the
corresponding director of each school. Fach network had its own budget
and therefore the capacity to hire teachers. In contrast to other schools
in Ecuador, where the budget is administered and owned by the provin-
cial directorate for education (“Direccion Provincial de Edncacion”), under
Redes Amigas resources were transferred and administered by the net-
work.

To participate in the program, schools have to meet the following re-
quirements: a) be located in rural areas, b) be registered at the Ministry of
Education (MOE), and ¢) apply to the program and sign an agreement
with the MOE. Before signing the agreement with the MOE, it is com-
pulsory to integrate the directive council as well as the pedagogical
committee. In addition, the parents’ committee and teachers must fill out
a form to join the network.

Every network had two components in its budget: the budget that
comes from the program that is distributed according to Table 3.1, and
the budget from the government that is used to pay teachers’ salaries and
to purchase goods and services.

Table 3.1
Budget distribution of Redes Amigas

Activity Percentage of the budget
Teachers training 15%
Teaching material 25%
Infrastructure 36%
Equipment 14%
Community participation 6%
Audit and consulting services 4%

Source: Redes Amigas

The central unit in charge of administrating the program offered as-
sistance to school networks for five basic purposes: a) teacher-training,
b) teaching materials, ¢) infrastructure, d) equipment, and €¢) community
participation. At the end of the program it covered around 140,000 pu-
pils, 2,200 schools, and 6,000 teachers, with a total of 187 networks. Of
this total, 30% were Indigenous networks. The total coverage of the
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program represents 58% of all public school students in rural areas, with
40% of those students living in the poorest regions of Ecuador. The
program achieved universal coverage among the indigenous schools
from the Costa and Amazonia."'

By comparing the number of pupils that attended the program and
the program’s annual budget (US$ 10 million), one can conclude that the
per capita program spending was US$ 70 per year.

Finally, it is important to mention that the program had a strong op-
position from the teachers’ union of Ecuador (Uniin Nacional de Educa-
dores), especially because of budget transfer from the Direcciones Provinciales
to the networks. They were against the decentralization strategy because
under the Redes Amigas structure salaries as well as work conditions for
teachers are negotiated at each school level instead of with the Ministry
of Education at national level. Teachers’ union felt this mechanism as
affecting their negotiation power. On the other hand, parents as well as
teachers and school directors (not pertaining to the teachers’ union) were
very enthusiastic about participating in the program. Teachers and
school directors saw the program as an opportunity to improve school
conditions, to obtain additional resources for school infrastructure and
teaching materials, and to improve teachers’ conditions, especially in
terms of training. Communities saw the program as a way of participat-
ing in and monitoring the education process."”

3.4 Empirical specification

As mentioned in the introduction, the main idea of an impact evaluation
study is to isolate the effect of the intervention. The application of expe-
rimental studies requires the design of a baseline and follow-up survey to
be applied to randomly assigned groups to treatment and control. Redes
Amigas did not incorporate any impact evaluation design during its im-
plementation. In this regard it was not possible to have an experimental
design. In addition, the program did not have any baseline survey. With-
in this data constrain, this chapter evaluates the impact of the program
by combining two quasi-experimental approaches. The main idea of the
methodological strategy is to correct for un-observables by using a pipe-
line comparison design, and to correct observables by using a propensity
score matching. In what follows we develop the identification strategy in
more depth.
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Following the extensive literature on educational production func-
tions,” where the outcome variable is regressed on various input va-
riables intervening in the education process, one can start with the fol-
lowing model for the /th student in the #-th school and in the m-th
community:

Yinm =f (xinm’Cnm’Tinm) (l)
Where Y is the outcome variable, X is a vector of student and house-
hold characteristics, C is a vector of community and school level va-
riables prior to the program intervention that can influence program par-
ticipation. T'is an indicator variable which takes the value of 1 if a school
belongs to a school network and zero if a school belongs to a quasi-
network'®. The main determinants of program participation, in our par-
ticular case, are school and community variables. As mentioned, schools
that decided to participate in the program had to organize themselves
and conform to the directive council (with the participation of communi-
ty members). It is possible that communities with better organization
and participation, as well as schools with more motivated principals,
teachers and parents have a higher probability of participating in the
program. In this regard, the level of community organization and some
specific school characteristics seem important to understand program
participation. Unfortunately, information at the school and community
level prior to the program intervention is not abundant. In order to gath-
er information on community and school level variables before the ex-
ecution of the program, this research uses data from the 1990 population
census, and from the Ministry of Education.”” Variables at the parochial
level were constructed using data from the 1990 population census. In
this case the following variables were matched with our data; poverty
incidence, the average years of schooling for those over 24 years of age,
and the percentage of illiteracy among those over 14 years of age. In ad-
dition, prior to the second phase of the program, some variables from
the Ministry of Education (1994) were computed both at the parochial
and school level. At the parochial level, the average ratio of students per
teacher, the average ratio of students per classroom, and the average ra-
tio of students per school-building were calculated, while at the school
level the repetition rate and the students per teacher ratio were used.
These variables can have an impact on the outcome variables, as well as
on program participation and are included as vector C in equation (1)."
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Furthermore, program intervention can have an impact on school
outcomes through the improvement of school and teacher characteris-
tics, as well as changes in the management structure. One way of isolat-
ing the effect of changes in the institutional set up of a school is by in-
cluding in equation (1) a vector of school and teacher characteristics that
are influenced by program intervention. In this case, the model is:

Yir1m = f(xinm’c sn ’Tinm) (2)

nm!?

Where X, Cand T are the same as in equation (1), and S is a vector of
school and teacher characteristics that are influenced by program execu-
tion, the difference between results for equation (2) and equation (1) is
the effect of changes in the management structure.

Equation 1 can be specified empirically by using a linear model as fol-
lows:

Yir1m = aO + Xinmal + aZTinm + a3Cnm + gi (3)

Where the alphas are the parameters to be estimated, and the key pa-
rameter of interest is «,, & is an error term normally distributed with

zero mean and constant variance. To simplify the notation, error terms
associated with the school and community level variables are omitted.
The same can be extended to equation (2).

Yinm = ﬂO + xinmﬂl + Snﬂz +ﬂ3Tinm +ﬂ4cnm + :ui (4)

In this case the parameter of interest is ;. Equations (3) and (4) will

be estimated using OLS.

There are two limitations of estimates using equations 3 and 4. First,
there may be unobserved variables that simultaneously influence pro-
gram participation and test scores, and have not been accounted for in
the model. In this regard, the treatment variable may be correlated to the
error term leading to biased and inefficient estimates. To tackle this
source of bias the paper relies on a pipeline comparison design.'” This
approach relies on using schools that have successfully applied for the
program, but have not yet received it, as a comparison group. These ap-
plicants have already indicated a preference toward participation in the
program (Angrist, 1998). Therefore, the comparison group is composed
of schools that decided to organize themselves as networks, have inte-
grated both the directive council, and the pedagogical committee, and



16 JUAN PONCE

have subscribed to the agreement with the Ministry of Education of Ec-
uador to participate in the program. However, the program, mainly be-
cause of time and budget constraints and some administrative issues, has
not yet been executed. These networks are referred to as quasi-
networks.'

Second, the analysis is not restricted to the region of “common sup-
port”19 and, in addition, uses a particular specification of the function
(linear). One alternative to estimate program impact that allows one to
correct both limitations is propensity score matching (PSM). This also
allows one to correct for the existence of non-linearities. As already indi-
cated, this paper restricts the PSM to the sample of applicants. The main
idea is that by using the pipeline strategy one corrects for un-observables
in the selection process, while by using a PSM one corrects for obser-
vables.”” One strong assumption when performing a PSM is the un-
confoundedness assumption. This means that program participation is
exogenous or un-confounded with potential outcomes conditional on a
sufficiently rich set of covariates or pretreatment variables. This can be
expressed formally as follows:

Y0, (@) LT | X,

Where Y7(0) is the potential outcome for controls, and Y7(7) is the po-
tential outcome for treatment. T and X were already defined and refers
to the treatment and control variables respectively.

Under the un-confoundedness assumption the average treatment ef-
fect of the program for the treated can be estimated by comparing the
outcomes for those in the treatment with those in the control group as
follows:

ATT(X)=E[Y@) =Y ()| X =x,T =1]

If there are many covariates, it is recommended to use the propensity
score (which is the conditional probability of receiving treatment given
covariates). Rosenbaum and Rubin (1983, 1985) have shown that, under
the assumption of un-confoundedness, adjusting solely for differences in
the propensity score between treated and controls units removes all bi-
ases. The propensity score being:

p(X)=Pr(T =1| X =x) =E[T | X =X]

Which is assumed to be bounded away from zero and one:
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O0<p(x)<1

The probability of participating in the program can be computed by
using an econometric model where the dependent variable is a dicho-
tomous variable that takes the value of 1 for program participants and
zero otherwise. One option is to use a probit model, where the program
participation variable is regressed against community and school charac-
teristics previous to program implementation (vector C). As already men-
tioned, community and school variables previous to program interven-
tion are considered the main determinants of program participation.
Moreover, the selection equation will control for some household va-
riables.

Formally, let Y be the outcome variable for individual i in state k.
There are two possible states for the outcome; k=1 in the presence of
the program, and k=0 in its absence. The average treatment effect on the
treated (ATT) when N participants in the program are matched to the
nearest non-participant neighbor can be defined as follows:

ATT =(1/ N)i(Yil -Y.%) (5)

i=1

Where each participant (Y,) is matched with the nearest non-
participant (Y,) based on the propensity score. It is important to note
that a major source of bias while working with non-experimental studies
is the failure to satisfy the common support condition (Heckman et al.
1998). Imposing common support means that inferences on the impact
of the program can be confined to “comparable people” in terms of
their propensity scores. Formally, the previous means that:

Supp(X | P =1) =Supp(X | P=0)

This condition is imposed in our PSM estimation.

Besides one-to-one matching, others types of matching are found in
the literature (Ravallion, 2005). The five nearest neighbors and a Kernel
matching will be used. In this case, in general terms, the estimator for the
average treatment effect on the treated (ATT) can be defined by:

ATT =1/ Ni(Yil - iwijv 2 (6)
j=1

i=1
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Where W is the weight used in calculating the counterfactual for each
participant, and C in the number of cases used to construct the counter-
factual for each participant. Kernel estimates are computed using the
Epanechnikov Kernel because it presents the highest asymptotic effi-
ciency among the alternative Kernel distributions (Mittelhammer et al.,
2000).

Recent developments in the matching literature show potential effi-
ciency problems of PSM estimates when using bootstrap to compute
standard errors. (Imbens, 2004; Hirano, Imbens and Ridder, 2003). Hi-
rano, Imbens and Ridder (2003) propose another way of matching to
obtain fully efficient estimates. According to them, one can use weighted
OLS in the following equation:

Yi =70+l + Xi7, +¢ )
Where Y, T and X are already defined, and the weights used are de-
fined as 1 for the treated units, and IS(X)/(l—IS(X)) for controls.” In

this case P is the estimated propensity score from the selection equa-
tion. Under this approach one can also estimate equation (7) incorporat-
ing school and teacher variables () affected by program intervention in
order to isolate the effect of the program because of changes on school
management.

As indicated above, PSM estimates will be biased if there are unob-
served variables that jointly influence program participation and test
scores. This research tries to control for un-observables by using a pipe-
line design. However, it is still possible that some un-observables influ-
ence the timing of program participation. As an example, more enthu-
siastic and organized communities and teachers can apply to participate
in the program earlier than less organized and less enthusiastic communi-
ties. In this regard, quasi-networks could pertain to less enthusiastic and
less organized communities and teachers and, for this reason, obtain
lower scores. In this case, estimates from the pipeline design combined
with the PSM will be biased upwards. One can test for un-observables by
using a similar logic as the one used to estimate models with sample se-
lection bias.”” Consequently, one way of testing for un-observables is by
analyzing the partial correlation between the outcome variable of the
principal equation and the residuals from the selection equation. To do
the previous, one can run the following model.
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Y, =8, + 5T, + X5, + 5,R, +0, (®)

Where Y is the outcome variable, T is a dummy for program partici-
pation, X is a vector of control variables, and R; are the generalized resi-
duals from the probit model used to compute the propensity score in the
PSM.* Selection bias is determined if &, is different from zero.”* A key

issue in this test is the identification strategy used to estimate the model.
Although differences in the functional form of the two equations (non-
linear in the selection equation, and linear in the outcome equation) aids
identification, it is a weak basis for identifying the model. As already
mentioned, we did not find strong instruments in the data that could be
used in this test. As a reference, we included pre-intervention variables in
the selection equation, and excluded those from equation (8). In any case
results of the test have to be taken carefully.

In methodological terms, one strong limitation of this study is the ex-
istence of only one survey. As mentioned, the evaluation study was con-
ducted at the end of the program and no baseline survey was available. It
would have been useful to have at least two surveys to construct panel
data. If un-observables remain unchanged between the baseline and the
follow-up survey, one can control for un-observables by using a differ-
ence-in-difference approach. In addition, because learning is a cumula-
tive process, it would have been better to analyze the change in test
scores (value added approach) as an outcome variable instead of only
one point in time. This would be possible with panel data. However, as
mentioned, the program did not have a baseline and it was only possible
to incorporate information prior to the program, from the 1990 popula-
tion census, and from administrative data from the Ministry of Educa-
ton.

3.5 Data and descriptive statistics

Data were collected by the Latin America Faculty of Social Sciences (Fa-
cultad Latinoamericana de Ciencias Sociales (FL.ACSO-Ecuador)), and refer to
the rural area of Ecuador.” Students from second and fourth grade in
primary schools were interviewed. The survey was carried out from No-
vember 2004 through February of 2005, and used three different instru-
ments: school, teacher, and household questionnaires. In addition, stu-
dents from second and fourth grades were evaluated using standardized
tests in both mathematics and language. Those tests were designed by a
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pedagogical team and evaluated the level of basic skills achieved by child-
ren in both language and mathematics. The skills evaluated were the
same as those used by the Ecuadorian System of Educational Achieve-
ments Measurement (“Sisterza Nacional de Medicion de 1.ogros Académicos
SNMI.A"). Tests were different for the Hispanic and the bilingual
schools.” For every child the research team gathered information on
their test scores (in both math and language), characteristics of schools
and teachers, and household variables. The test scores, as well as school
and teacher questionnaires, were completed in the school, while the
household questionnaire was filled out at the child’s home. The research
used a multi-stage cluster random sampling design, where, in the first
stage, networks (and quasi-networks) were randomly selected. In the
second stage, all the schools pertaining to the selected network were in-
terviewed, and, finally, in the third stage, all the students from second
and fourth grade were interviewed and took the tests. The sample was
designed to have statistical representation for Hispanic and Indigenous
networks as well. For this purpose, Indigenous networks were over-
sampled. Bilingual schools from the coast, as well as schools from the
Amazonia (jungle) could not be included in the sample because the pro-
gram achieved universal coverage and no controls were available. For
this reason, the sample is representative in the Hispanic system for the
Sierra and Costa regions, while in the bilingual system just for the Sierra.

Table 3.2
Sample size and distribution

Second grade Fourth grade

Hispanic

Treatment 491 422
Control 435 448
Bilingual

Treatment 206 167
Control 206 181
Total 1338 1218

The comparison group consisted of the total quasi-networks available
at the time of the evaluation. The number of students sampled in bilin-
gual and Hispanic schools, for treatment and comparison groups, as well
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as for second- and fourth-grade is introduced in Table 3.2. The total
sample size is 1,338 children from second-grade, and 1,218 children
from fourth grade. In the Hispanic case, for second-grade, there are 491
children in the treatment group, and 435 in the comparison group. In the
bilingual case, there are 206 children in the treatment group and 206 in
the comparison group. In fourth grade, there are 422 and 448 children in
the treatment and control group in the Hispanic case, as well as 167 and
181 in the treatment and comparison group in the bilingual case.

At the school level the sample size is of 147 schools (94 in the His-
panic system and 53 in the bilingual system). To have more comparable
results of program impact, the sample design took into account the time
of program intervention in order to avoid strong disparities among
schools in the Hispanic and the Bilingual system. In this sense, the aver-
age number of years of program intervention is 6 for the Hispanic
schools and 6 for the bilingual schools. The school questionnaire had
information about the director of the school, school infrastructure, the
number of teachers and its schooling level and experience, the number
of students, the number of classrooms, books, computers, labs and other
school inputs, location, and some information about the year of the last
improvements (in terms of infrastructure) in the school. The teachers’
questionnaire was applied to the person in charge of teaching mathemat-
ics and language. In this case the survey obtained information about
teacher’s schooling, experience, the type of contract (hired by the Minis-
try of Education or by the school), and the number of training courses
attended during the last four years.

The household-questionnaire starts with a register of every household
member, their names, sex, age and their relationship to the head of the
household. Then, there is 2 module on household assets and infrastruc-
ture. On an individual level, the survey collects information on the
schooling level, parents’ level of education, marital status, and the lan-
guage spoken by all household members. In addition, employment sta-
tus, labor conditions and incomes are noted among persons aged 5 and
over. For children between the ages of 5 and 17, information on school
enrolment, the type of school attended, education spending, and atten-
dance is available. Finally, the questionnaire has some questions about
the time spent by the child in order to record the number of hours
he/she works, helps in housework, watches television, and the degree of
assistance received to complete homework assignments.
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School, teacher, and household variables were matched to child va-
riables. Table 3.3 introduces descriptive statistics for children from
treatment and comparison groups of second grade in the Hispanic sys-
tem. In addition, variables previous to program intervention are also in-
cluded. Starting with child variables, students from the treatment group
have better test scores than students from the comparison group for
both math and language. In addition, children from the treatment group
dedicate more hours to homework and to study with their parents, and
to watch television than children from the comparison group. On the
other hand, students from the comparison group work more hours on
weekdays than those on the treatment group. Regarding household va-
riables, the score in the Selben index” as well as the schooling of the
household’s head are higher for those in the treatment group. The con-
trol group has a higher percentage of households headed by indigenous.
In general, the treatment group has better socioeconomic conditions
than the control group. No significant differences are found in terms of
household composition, except for the number of members from 6 to
17-years old. In this case the control group has more members than the
treatment group.

In relation to school variables, as expected, children from the treat-
ment group attend schools with better infrastructure and school inputs
than children from the comparison group. The treatment group attends
schools with more books, than children from the comparison group.
Furthermore, the index of infrastructure® (out of five) is higher among
children from the treatment group. Additionally, an important difference
is that the percentage of children from the control group that attend to
multi-grade schools is higher than those in the treatment group.

Regarding teacher characteristics, some significant differences are ob-
served between treatment and comparison groups. Children in the
treatment group are taught predominantly for female and younger teach-
ers than those in the comparison group. In addition, the percentage of
children attending classes with teachers contracted by the Central Minis-
try is higher for the comparison group. As previously mentioned, one of
the key elements of Redes Amigas was that economic resources were
transferred to the networks and teachers are hired and fired by the net-
work. No significant differences are found in terms of teacher-training or
in teachers’ academic level. Finally, all variables previous to intervention
show significant differences between the two groups. Control group has
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Table 3.3

Descriptive statistics for control and treatment: second grade
(Hispanic system)
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Variable

Second grade

Treatment Control Difference

Child variables
Math (out of 20)

Language (out of 20)

Dummy female=1

Number of hours worked on weekdays

Hours dedicated to homework (daily)

Hours that children study with parents (daily)
Hours dedicated to watch TV. (daily)

Household variables
Score in Selben index

Schooling of the household's head
Household's head is indigenous (%)
Household's head is illiterate (%)

Household's head is female (%)

Number of members younger than 6 in the hh.

Number of members from 6 to 17 in the hh.
Number of members from 18 to 44 in the hh.
Number of members from 45 to 64 in the hh.

Number of members older than 64 in the hh.

11.9556

12.8209

0.4889

4.9339

1.6614

0.8691

1.5164

46.7527

6.5983

0.1030

0.0991

0.1474

0.8591

2.6690

1.8812

0.3963

0.1066

7.4327

9.4747

0.4821

6.8940

1.5062

0.4853

0.8530

37.5201

5.5063

0.3494

0.1284

0.1052

0.9517

2.9308

1.9224

0.3731

0.1341

4.5229
(0.3042)
3.3462
(0.2916)
0.0068
(0.0320)
-1.9601
(0.5316)
0.1552
(0.0516)
0.3838
(0.0476)
0.6634
(0.0716)

9.2326
(0.6801)
1.0920
(0.2225)
-0.2464
(0.0255)
-0.0293
(0.0203)
0.0422
(0.0213)
-0.0926
(0.0611)
-0.2618
(0.0883)
-0.0412
(0.0588)
0.0232
(0.0428)
-0.0275
(0.0260)

*

*k

*%

(Continued)
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higher levels of poverty incidence, illiteracy rates, and students per teach-
er at the parochial level.

Table 3.4 shows the same descriptive statistics for fourth grade in the
Hispanic system. Results are similar to those found in second grade.
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Variable

Second grade

Treatment Control Difference

School variables
% of children attending multi-grade schools 0.1649

% of children attending schools with full time director  0.0523

Number of learning guides per child 0.0590
% of children attending schools with at least one 0.7706
computer

Number of books per student 3.3459

% of children attending schools with access to internet 0.0000
Index of school infrastructure (out of five) 4.0523

Teacher variables
% of children with female teacher 0.8692

Average age of teachers 34.2535

% of children with teachers with superior academic

0.7786
level

% of children with teachers contracted by the Ministry  0.7545

Average number of training courses received by

teachers (last four years) 8.3179
Variables previous to intervention

Poverty incidence 69.5771
Ratio student per teacher (parochial level) 12.8306
Ratio student per classroom (parochial level) 22.1266
Ratio student per school building (parochial level) 88.6374
Illiteracy rate ( parochial level) 13.8246
Years of schooling ( parochial level) 5.3452
Percentage of people with superior education level 0.0752
Repetition rate (school level) 0.0179
Ratio student per teacher (school level) 29.7346

0.2620

0.0628

0.1366

0.7316

2.4758

0.0628

3.6058

0.6142

40.9580

0.7987

0.9098

8.7861

81.0860

16.4648

21.8079

79.0331

18.6785

3.9758

0.0325

0.0256

25.8327

-0.0971
(0.0260)
-0.0105
(0.0149)
-0.0776
(0.0190)

0.0390

(0.0276)
0.8701
(0.3420)
-0.0628
(0.0109)
0.4465
(0.0485)

0.2550
(0.0267)
-6.7045

(0.5940)

-0.0201

(0.0261)
-0.1553
(0.0235)

-0.4682
(0.5279)

-11.5089
(0.9308)
-3.6342
(0.2880)
0.3187
(0.2796)
9.6043
(2.5925)
-4.8539
(0.3855)
1.3694
(0.0754)
0.0427
(0.0022)
-0.0077
(0.0022)
3.9019
(0.6783)

P

*

PN

Note for Tables 3.3-3.6: Standard errors are in parenthesis. *Significant at 1%.

5%. *** Significant at 10%.

** Significant at
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Table 3.4
Descriptive statistics for control and treatment: fourth grade
(Hispanic system)

Fourth grade
Variable

Treatment Control Difference

Child variables

Math (out of 20) 9.7249 7.2570 2.4679 *
(0.2620)
Language (out of 20) 13.7762 11.9739 1.8023 *
(0.2860)
Dummy female=1 0.5221 0.4598 0.0623 *
(0.0328)
Number of hours worked on weekdays 5.3165 7.0916 -1.7751 *
(0.4847)
Hours dedicated to homework (daily) 1.7513 1.5638 0.1875 *
(0.0556)
Hours that children study with parents (daily) 0.6567 0.4278 0.2289 *
(0.0453)
Hours dedicated to watch TV (daily) 1.5705 0.9379 0.6326 *
.0765
Household variables
Score in Selben index 46.3854 37.9890  8.3964 *
(0.6942)
Schooling of the household's head 6.1563 5.4878 0.6685 *
(0.2339)
Household's head is indigenous (%) 0.1007 0.3279 -0.2272 *
(0.0264)
Household's head is illiterate (%) 0.1384 0.1428 -0.0044
(0.0229)
Household's head is female (%) 0.1662 0.1106 0.0556 **
(0.0225)
Number of members younger than 6 in the hh. 0.6736 0.8172 -0.1436 **
(0.0581)
Number of members from 6 to 17 in the hh. 2.8158 3.1445 -0.3287 **
(0.0878)
Number of members from 18 to 44 in the hh. 1.9090 1.9196 -0.0106
(0.0661)
Number of members from 45 to 64 in the hh. 0.4335 0.5100 -0.0765
(0.0482)
Number of members older than 64 in the hh. 0.0885 0.0963 -0.0078
(0.0214)

(Continued)
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Fourth grade
Variable

Treatment Control Difference

School variables

% of children attending multi-grade schools 0.1561 0.1726 -0.0165
(0.0244)
Z).of children attending schools with full time 0.0372 0.0522 -0.0150
irector
(0.0137)
Number of learning guides per child 0.0598 0.1307 -0.0709
(0.0196)
% of children attending schools with at least one 0.7132 0.7891 -0.0759
computer
(0.0282)
Number of books per student 3.0525 3.1087 -0.0562
(0.3012)
% of children attending schools with internet 0.0000 0.0522 -0.0522
access
(0.0107)
Index of school infrastructure (out of five) 3.9976 3.7040 0.2936
(0.0470)
Teacher variables
% of children with female teacher 0.5804 0.6385 -0.0581
(0.0320)
Average age of teachers 39.5244 40.8895 -1.3651
(0.6155)
i%e\c;;lchlldren with teachers with superior academic 0.8275 0.8493 -0.0218
(0.0242)
;\%;\.of. children with teachers contracted by the 0.8484 0.8995 -0.0511
inistry
(0.0216)
Average number of training courses received by 8.6247 7.7991 0.8256
teachers (last four years)
(0.3730)
Variables previous to intervention
Poverty incidence 69.3247 78.9492 -9.6245
(0.9974)
Ratio student per teacher (parochial level) 13.0975 16.2871 -3.1896
(0.2942)
Ratio student per classroom ( parochial level) 22.3800 22.3388  0.0412
(0.2869)
Ratio student per school building (parochial level)  85.9899 82.2709  3.7190
(2.6345)
Illiteracy rate (parochial level) 13.7579 17.8593 -4.1014
(0.4084)
Years of schooling ( parochial level) 5.3110 4.1316 1.1794
(0.0803)
Percentage of people with superior education level 0.0740 0.0353 0.0387
(0.0022)
Repetition rate (school level) 0.0199 0.0287 -0.0088
(0.0023)
Ratio student per teacher (school level) 29.7452 26.3407 3.4045

(0.6465)

wk

wk
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Table 3.5
Descriptive statistics for control and treatment: second grade
(bilingual system)
Second grade
Variable
Treatment Control Difference
Child variables
Math (out of 20) 5.8309 8.6895 -2.8586 *
(0.4435)
Language (out of 20) 7.6291 11.2780 -3.6489 *
(0.3909)
Dummy female=1 0.5258 0.4729 0.0529
(0.0455)
Number of hours worked on weekdays 8.8685 27.4440 -18.5755 *
(1.6589)
Hours dedicated to homework (daily) 1.4830 1.4034 0.0796
(0.0725)
Hours that children study with parents (daily) 0.3497 0.2768 0.0729 **
(0.0216)
Hours dedicated to watch TV. (daily) 0.2417 0.7996 -0.5579 *
(0.0907)
Household variables
Score in Selben index 27.4680  34.3170 -6.8490 *
(0.9967)
Schooling of the household's head 2.3238 4.4053 -2.0815 *
(0.3536)
Household's head is indigenous (%) 0.9526 0.9407 0.0119
(0.0208)
Household's head is illiterate (%) 0.4312 0.2771  0.1541 *
(0.0433)
Household's head is female (%) 0.1327 0.1962 -0.0635 i
(0.0343)
Number of members younger than 6 in the hh. 1.1830 0.9134 0.2697 **
(0.0907)
Number of members from 6 to 17 in the hh. 3.0751 3.1552  -0.0801
(0.1157)
Number of members from 18 to 44 in the hh. 1.8967 1.6895 0.2072 **
(0.0982)
Number of members from 45 to 64 in the hh. 0.5258 0.5054 0.0204
(0.0717)
Number of members older than 64 in the hh. 0.1971 0.1263  0.0708
(0.0488)

(Continued)
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Second grade

Variable
Treatment Control Difference
School variables
% of children attending multi-grade schools 0.2112 0.1588 0.0524 b
(0.0351)
% of children attending schools with full-time 0.0000 0.0252 -0.0252 "
director ’ ) )
(0.0107)
Number of learning guides per child 0.0852 0.0214 0.0638 *
(0.0154)
% of children attending schools that have at least 0.2159 0.1335 0.0824 "
one computer
(0.0340)
Number of books per student 1.5249 1.4303 0.0946
(0.3131)
% of children attending schools that have access to 0.0000 0.0000 0.0000
internet : : :
0
Index of school infrastructure (out of five) 3.2582 3.4945 -0.2363
(0.0988)
Teacher variables
% of children with female teacher 0.4272 0.4332  -0.0060
(0.0452)
Average age of teachers 32.7511 30.8808 1.8703 **
(0.7063)
% of children with teachers with superior academic 0.7464 0.7256  0.0208
level ' : '
(0.0403)
% of children with teachers contracted by the 0.5023 0.5234 -0.0211
Ministry ' ' '
(0.0456)
Average number of training courses received by
teachers (last four years) 9.1220 7711 1.4109
(1.4113)
Variables previous to intervention
Poverty incidence 92.3483 90.2179 2.1304 >
(0.8030)
Ratio student per teacher (parochial level) 16.8101 20.1332 -3.3231 *
(0.6149)
Ratio student per classroom (parochial level) 26.0079 25.0079 0.9999 >
(0.46079)
Ratio student per school building (parochial level) 98.3741 81.1411 17.2330 *
(3.8508)

(Continued)
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Table 3.5 (Continuation)

Second grade

Variable
Treatment Control Difference
Illiteracy rate ( parochial level) 40.4559  41.5311 -1.0752
(1.5464)
Years of schooling (parochial level) 3.4575 2.7664 0.6911 *
(0.1875)
Percentage of people with superior education level  0.0739 0.0612 0.0128 *
(0.0048)
Repetition rate (school level) 0.0025 0.0007 0.0018 **
(0.0007)
Ratio student per teacher (school level) 24.6347  24.6316 0.0031
(0.8529)

Table 3.5 presents descriptive statistics for second grade in the bilin-
gual system. In this case, students from the comparison group have
higher test scores than those of the treatment group in both mathematics
and language. In addition, children from the comparison group work
considerably more hours on weekdays, and dedicate fewer hours to study
with parents than those in the treatment group. Regarding household
variables, children from the comparison group have better socioeconom-
ic conditions that those from the treatment group. The comparison
group has a higher score in the Selben index, and the head of the house-
hold has a higher level of education than the treatment group. No signif-
icant differences are found in the percentage of households headed by
indigenous peoples. One interesting point in the indigenous case is that
most of school conditions are not statistically different between compar-
ison and treatment groups. There are no differences in the infrastructure
index, the number of books, or access to Internet. However, there are
better conditions for the comparison group in terms of multi-grade
schools, learning-guides per student, and full time director. No signifi-
cant differences are found in terms of teacher variables. Finally, the
comparison group has a lower poverty incidence, but the treatment
group has better schooling levels at the parochial level.

Similar results are observed in fourth-grade. See Table 3.6.
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Table 3.6
Descriptive statistics for control and treatment: fourth grade
(bilingual system)
Fourth grade
Variable
Treatment Control Difference
Child variables
Math (out of 20) 6.4137 9.2731 -2.8594
(0.3595)
Language (out of 20) 7.1666 9.8981 -2.7315 *
(0.3757)
Dummy female=1 0.5057 0.4444 0.0613
(0.0508)
Number of hours worked on weekdays 9.9684 33.3310  -23.3626 *
(2.3870)
Hours dedicated to homework (daily) 1.4425 1.4876 -0.0451
(0.0748)
Hours that children study with parents (daily) 0.3060 0.2530 0.0530
(0.0508)
Hours dedicated to watch TV (daily) 0.2442 0.5787 -0.3345 *
(0.0854)
Household variables
Score in Selben index 28.5939  34.7311 -6.1372 *
(1.1305)
Schooling of the household's head 3.2941 4.4272 -1.1331 *
(0.4582)
Household's head is indigenous (%) 0.9298 0.9209 0.0089
(0.0270)
Household's head is illiterate (%) 0.3567 0.3411 0.0156
(0.0489)
Household's head is female (%) 0.1111 0.2046 -0.0935 *
(0.0376)
Number of members younger than 6 in the hh. 1.0517 0.7870 0.2647 -
(0.0943)
Number of members from 6 to 17 in the hh. 3.4425 3.1064 0.3361 **
(0.1332)
Number of members from 18 to 44 in the hh. 1.9195 1.8888 0.0307
(0.1128)
Number of members from 45 to 64 in the hh. 0.5747 0.5046 0.0701
(0.0788)
Number of members older than 64 in the hh. 0.1264 0.0879 0.0385
(0.0367)

(Continued)
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Table 3.6 (Continuation)

Fourth grade
Variable

Treatment Control Difference

School variables

% of children attending multi-grade schools 0.2241 0.1435 0.0806 *
(0.0389)
ﬁ.of children attending schools with full-time 0.0000 0.0324 .0.0324 "
irector
(0.0134)
Number of learning guides per child 0.0617 0.0244 0.0373 *
(0.0130)
% of children attending schools with at least one 0.2298 0.1481 0.0817 -
computer
(0.0394)
Number of books per student 1.5634 1.5041 0.0593
(0.3921)
% of children attending schools with Internet access 0.0000 0.0000 0.0000
0
Index of school infrastructure (out of five) 3.1954 3.5370 -0.3416 *
(0.1086)
Teacher variables
% of children with female teacher 0.3045 0.2592 0.0453
(0.0457)
Average age of teachers 33.1436  32.4675  0.6761
(0.8053)
o . . . . .
l/(;\c/);lchlldren with teachers with superior academic 0.8965 0.7824 0.1141
(0.0376)
i(;\_of_ children with teachers contracted by the 0.6551 0.6712 -0.0161
inistry
(0.0482)
Average number of training courses received by 6.4425 6.5972 .0.1547
teachers (last four years)
(0.5974)
Variables previous to intervention
Poverty incidence 93.0994  90.8220  2.2774 **
(0.9022)
Ratio student per teacher (parochial level) 18.2533 20.9606 -2.7073 *
(0.7116)
Ratio student per classroom (parochial level) 25.0303  25.1932  -0.1629
(0.4567)
Ratio student per school building (parochial level) 99.4929 75.4402  24.0527 *
(4.0879)
Illiteracy rate (parochial level) 43.2205  42.7989  0.4216
(1.8088)
Years of schooling (parochial level) 3.2825 2.5806 0.7019 *
(0.2069)
Percentage of people with superior education level  0.0706 0.0572 0.0134 -
(0.0052)
Repetition rate (school level) 0.0015 0.0004 0.0011 *
(0.0006)
Ratio student per teacher (school level) 26.7809 25.3750 1.4059

(1.0821)
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In sum, from this descriptive analysis one can conclude that, in the
Hispanic case, schools that finally received program intervention are
composed of students with better socioeconomic background than
schools that did not receive treatment. In the bilingual case, it is the op-
posite. Schools that receive the intervention are composed of students
with worse socioeconomic conditions than schools that do not receive
treatment. If the pipeline design worked appropriately one would not
expect such differences. In addition, the large differences in observable
characteristics amongst the treatment and control groups raises doubts
about the ability of the pipeline comparison design to control for differ-
ences in unobservable characteristics. This issue will be evaluated later
on in the text.

Finally, in the Hispanic system, treatment schools have better infra-
structural and learning conditions that those in the comparison group,
while in the bilingual system no significant differences are observed be-
tween treatment and comparison schools. This could mean differences in
program application between the Hispanic and the bilingual system. In
this regard, it seems important to highlight that the application of the
program in the bilingual system started at the end of the 1990s. For this
reason, the pedagogical materials and school inputs used by the program
were the same as those developed under the Hispanic system. Although
the first experiences of bilingual schools started in the early 1980s, the
pedagogical materials used by the program did not reflect this important
experience. Additionally, in the bilingual case the Ministry explicitly
promoted the participation in the program of the poorer schools. In the
Hispanic case, meanwhile, there was more self-selection, and participa-
tion in the program depended more on the community, teachers and
parents’ willingness.

3.6 Results
3.6.1 OLS estimation

The first step to evaluate the program impact, as indicated in the metho-
dological section, was to run an education production function. In this
regard, OLS estimates of equations 3 and 4 are introduced in Tables
from 3.7 to 3.10. In those tables the following specifications were used.
Specification 1 includes only the treatment variable to see the simple dif-
ference in test scores between treatment and compatison groups. Speci-
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fication 2 includes, in addition, child” and household variables. Ob-
served household and children characteristics reflect parents’ ability to
provide a supportive environment for their children. At the individual
level, some characteristics that seem important are; sex, since parents or
teachers may treat boys and girls differently, and age, since older students
are more mature and more likely to score higher, and they can also have
potential achievement problems. Because of credit market imperfections
in the Ecuadorian context, assets variables, expressed through the Selben
index, atre included to take into account socioeconomic circumstances of
the household. In addition, parent’s characteristics, which can affect liv-
ing standards and preferences for children’s education, are also included
(ethnicity, and illiteracy). Finally, household composition seems impot-
tant because more children implies less time for parents to dedicate to
every child. Specification 3 includes, in addition, community and school
level characteristics previous to program intervention. As already men-
tioned, community and school level characteristics were important to
determine program participation. Poverty and illiteracy levels give us an
idea of the socioeconomic level of the community. In addition, student
per teacher, student per school building, and student per classroom, were
computed at parochial level and included to proportionate an idea of the
schooling context of the community. Finally, some variables at school
level are also included, such as the repetition rate and the student per
classroom ratio.” Specification 4 includes, in addition, some school and
teacher characteristics that are influenced by program execution and are
expected to affect test scores. The following variables were included in
this case; the school infrastructure index, the number of learning-guides
per student, the number of textbooks per students, a dummy variable for
schools with full-time principal, and the number of training courses re-
ceived by teachers in the last four years. Those variables try to capture
the different components of program execution. As stated above, speci-
fication 3 represents the overall effect of the program, while specification
4 estimates the effect of changes in school management after controlling
for improvements in school inputs.
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OLS estimates of program impact on test scores: equations 3 and 4 second grade

(Hispanic system)

Mathematics, second grade

Specification 1 Specification 2 Specification 3 Specification 4

Coef.  Std. Err. Coef. Std. Err.| Coef.  Std. Err.| Coef.  Std. Er.
T (1=Redes Amigas) |4.4423* 0.6766 |4.1638" 0.7115 |3.9356* 0.7712 |3.5757* 0.7562
Age 1.0425 1.3001 |[1.4305  1.3237 |1.3588 1.3251
Age squared -0.0519433 0.0701 |-0.0674 0.0714 |-0.0670  0.0721
Dummy (1=female) 0.1220 0.3165 |0.17450 0.3035 |0.1857  0.3050
Selben index 0.0224 0.0238 |0.0163  0.0240 |0.0310  0.0201
Schooling of the head of
hh. -0.0739 0.0513 |-0.0716  0.0475 |-0.0796  0.0489
Head of hh indigenous -1.0153** 05618 |-1.2779* 0.6017 |-1.4140** 0.5740
Head of hh is female 0.2980 05773 02719  0.5512 |0.2798  0.5416
Hh members aged <6 -0.004789  0.1801 |-0.0900  0.1758 |-0.0371  0.1705
Hh members aged 6-17 -0.1752834 0.1465 |-0.1968  0.1381 |-0.1644  0.1369
Hh members aged 18-
44 0.1823*  0.1864 |0.1642  0.1757 [0.1019  0.1687
Hh members aged 45—
65 -0.4040645 0.2185 |-0.3191  0.2060 |-0.3315  0.2078
Hh members aged >65 0.1560846 0.3764 |-0.0162  0.3781 |-0.0058  0.3715
Dummy for region (Cos-
ta=1) -0.0368644 0.7902 |-1.48381 09248 |-1.1934  0.9398
Poverty incidence
(parrochial level, 1990) -0.0656** 0.0292 |-0.0630** 0.0269
llliteracy rate
(parrochial level, 1990) -0.00465 0.0567 |0.0049  0.0502
Student per teacher
(parrochial level, 1994) 0.00865 0.0753 |-0.0353  0.0732
Student per school
building (parroch. level) -0.0351* 0.0125 |-0.0340** 0.0113
Student per classroom
(parrochial level, 1994) 0.2719* 0.1330 |0.2753** 0.1320
Repetition rate
(school level, 1994) -18.074** 8.1353 |-18.234* 9.0326
Student per teacher
(school level, 1994) 0.0109  0.0313 |0.0144  0.0300
School infrastructure
index -0.0106  0.3658
Number of learnig
guides per student 1.5003 1.0537
Number of textbooks per
student 0.03941  0.0373
Dummy
(full time principal = 1) 0.0610 2.2251
Number of training
courses for teachers -0.0614** 0.0244
Constant 7.4965* 0.4532 | 2.5207 0.687 3.3234  6.8149 |3.773575 6.6725
Number of cases 926 926 926 926
R squared 0.1792 0.1971 0.2385 0.2541
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Language, second grade

Specification 1 Specification 2 Specification 3 Specification 4

Coef.  Std. Err. Coef. Std. Err.| Coef.  Std. Err.| Coef.  Std. Er.
T (1=Redes Amigas) |3.0061* 0.6860 |2.1808" 0.6843 |2.0289* 0.6526 |2.1475* 0.6705
Age 1.2556 0.9534 | 1.5144™* 0.9258 |1.776™  0.8722
Age squared -0.0692 0.0542 |-0.0818  0.0524 |-0.0962** 0.0489
Dummy (1=female) -0.0589 0.2997 |-0.0711  0.2865 |-0.1011  0.2967
Selben index 0.0738* 0.0263 |0.0675*  0.0245 |0.0577** 0.0236
Schooling of the head of
hh. -0.0099 0.0561 |-0.0091  0.0544 |-0.00771 0.0548
Head of hh is indigen-
ous -1.8825* 0.6336 |-1.4854* 0.6368 |-1.368"*  0.6555
Head of hh is female -0.1506 0.4984 |-0.1758 04771 |-0.2384  0.4823
Hh members aged <6 0.1923 0.1736 |0.1100  0.1750 |0.1068  0.1778
Hh members aged 6-17 -0.0036 0.1121 |-0.0282  0.1163 |-0.0397  0.1157
Hh members aged 18-
44 -0.0892 0.2036 |-0.0786  0.2073 |-0.075 0.2066
Hh members aged 45—
65 -0.0896 0.2600 |-0.0495 0.2588 |-0.0363  0.2583
Hh members aged >65 -0.3103 0.4447 |-0.2853  0.4201 |-0.2720  0.4135
Dummy for region (Cos-
ta=1) -0.3569 0.7044 |-1.535"* 0.8467 |-1.6172* 0.8241
Poverty incidence
(parrochial level, 1990) -0.0147  0.0181 |-0.0212  0.0210
llliteracy rate
(parrochial level, 1990) -0.113**  0.0456 |-0.0998** 0.0500
Student per teacher
(parrochial level, 1994) 0.0399  0.0871 |0.0763  0.1000
Student per school
building (parroch. level) -0.0217** 0.0092 |-0.0207** 0.0095
Student per classroom
(parrochial level, 1994) 0.1697  0.1183 |0.1403  0.1196
Repetition rate
(school level, 1994) -14.786* 6.8832 |-16.882** 7.2197
Student per teacher
(school level, 1994) 0.020 0.0267 |0.0197  0.0254
School infrastructure
index 0.2547  0.4704
Number of learnig
guides per student -0.3612  0.5362
Number of textbooks per
student 0.0430  0.0343
Dummy
(full time principal = 1) 1.2230** 0.7380
Number of training
courses for teachers 0.0333 0.0242
Constant 9.8068* 0.4540 | 2.1964 42114 19074 45973 |0.0465  5.0873
Number of cases 926 926 926 926
R squared 0.1013 0.1638 0.204 0.2133

Note: *Significant at 1%, ** Significant at 5%, and *** significant at 10%. Standard errors are in parenthesis
and corrected by heteroskedasticity and within-peer correlations
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Table 3.8
OLS estimates of program impact on test scores:
equation 3 and 4 fourth-grade (Hispanic system)
Mathematics, fourth grade

Specification 1 Specification 2 Specification 3 Specification 4

Coef.  Std. Err. Coef.  Std. Err.| Coef.  Std. Err. Coef.  Std. Err.
T (1=Redes Amigas) |2.3588* 0.5487 |2.168* 0.5325 |2.177* 05462 |2.201* 0.5023
Age 1.108 1.2863 |0.8467  1.2787 |0.8994 1.2834
Age squared -0.0529  0.0567 |-0.040 0.0563 |-0.0424  0.0570
Dummy (1=female) 0.5360  0.3008 |0.584**  0.2977 |0.5737** 0.2864
Selben index -0.0007  0.0241 |-0.002 0.0249 |0.0032 0.0232
Schooling of the head of
hh. -0.0278  0.0451 |-0.041 0.0480 |-0.0149  0.0451
Head of hh is indigen-
ous -1.2218* 0.5861 |-1.602*  0.5181 |-1.327*  0.5004
Head of hh is female 0.2491 0.4802 |0.3050  0.4549 |0.4108 0.4645
Hh members aged <6 0.0529  0.1803 |0.0168  0.1728 |0.0496 0.1634
Hh members aged 6-17 0.0447  0.1405 |0.0261  0.1326 |0.0273 0.1295
Hh members aged 18-
44 02106  0.1312 |0.211 0.1313 |0.1723 0.1348
Hh members aged 45—
65 -0.0292  0.2009 |-0.0533 0.2082 |0.0304 0.2015
Hh members aged >65 0.8115* 0.3566 |0.717**  0.3546 |0.8129*  0.3406
Dummy for region (Cos-
ta=1) 0.1146  0.5849 |-0.0741 0.5625 |0.0402* 0.5169
Poverty incidence
(parrochial level, 1990) -0.0586  0.0204 |-0.0548* 0.0209
llliteracy rate
(parrochial level, 1990) 0.0830  0.0590 |0.1022*** 0.0632
Student per teacher
(parrochial level, 1994) 0.1421  0.0981 |[0.132**  0.0791
Student per school
building (parroch. level) -0.0024  0.0081 |[0.0029 0.0074
Student per classroom
(parrochial level, 1994) 01127  0.1060 |[-0.1395  0.0928
Repetition rate
(school level, 1994) -7.986 8.0373 |-9.511 7.8926
Student per teacher
(school level, 1994) 0.0424  0.0328 |0.050 0.0313
School infrastructure
index 0.268 0.3850
Number of learnig
guides per student 2.815* 0.8247
Number of textbooks per
student 0.113* 0.0525
Dummy
(full time principal = 1) 1.1559**  0.7021
Number of training
courses for teachers -0.0237  0.0385
Constant 7.401*  0.3419 |1.238 7.1008 |5.590 6.9270 |2.861 6.9043
Number of cases 870 870 870 870
R squared 0.0809 0.1064 0.1483 0.1959
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Language, fourth grade

Specification 1

Specification 2

Specification 3

Specification 4

Coef.  Std. Err. | Coef.  Std. Err.| Coef.  Std.Err.| Coef.  Std. Err.
T(1=Redes Amigas) | 1.536* 0.7927 |0.7602 0.6903 |1.1123* 0.5360 |1.139*  0.4372
Age 2287  1.1401 |1.957** 1.0954 |1.982**  1.0390
Age squared -0.0976™  0.0500 |-0.084** 0.0482 |-0.085"* 0.0455
Dummy (1=female) 0.2657 02780 |0.3252  0.2594 |0.3326 0.2512
Selben index 0.1243*  0.0218 |0.0851* 0.0186 |0.084* 0.0174
Schooling of the head of
hh. 0.0385 0.0484 |-0.0114  0.0427 |0.0084 0.0401
Head of hh is indigen-
ous -1.502**  0.6218 |-0.6617 0.4603 |-0.4943  0.4765
Head of hh is female -0.3459 04126 |-04530 0.4149 |-0.4759  0.4238
Hh members aged <6 0.0535 0.2155 |-0.1291  0.1759 |-0.118 0.1706
Hh members aged 6-17 -0.0058  0.0996 |-0.111 0.1089 |-0.1526  0.1110
Hh members aged 18-
44 0.0619 0.1502 |0.104 0.1367 |0.0386 0.1380
Hh members aged 45—
65 01732 0.2109 |-0.121 0.1939 |-0.1003  0.2010
Hh members aged >65 0.6202 0.3784 104769  0.3776 |0.4974 0.3863
Dummy for region (Cos-
ta=1) -1.255"* 0.6879 |-2.037*  0.6441 |-1.996*  0.5498
Poverty incidence
(parrochial level, 1990) -0.058*  0.0236 |-0.0578* 0.0199
llliteracy rate
(parrochial level, 1990) -0.1367* 0.0393 |[-0.1273* 0.0418
Student per teacher
(parrochial level, 1994) 0.233*  0.0467 |[0.2691*  0.0579
Student per school
building (parroch. level) -0.0044  0.0074 |[-0.0006  0.0065
Student per classroom
(parrochial level, 1994) -0.0472  0.0985 |[-0.1076  0.0851
Repetition rate
(school level, 1994) 01758  8.0768 |-4.4564  7.4929
Student per teacher
(school level, 1994) -0.0204  0.0356 |-0.021 0.0313
School infrastructure
index 0.1248 0.3313
Number of learnig
guides per student 1147 0.5417
Number of textbooks per
student 0.193*  0.0757
Dummy
(full time principal = 1) 0.5116 0.6286
Number of training
courses for teachers -0.051 0.0369
Constant 12.281+ 0.4164 |-5.361 6.6613 |3.9555  6.6544 |3.554 6.6805
Number of cases 870 870 870 870
R squared 0.0312 0.2002 0.2875 0.3272

Note: *Significant at 1%, ** Significant at 5% *** Significant at 10%. Standard errors are in parenthesis and
corrected by heteroskedasticity and within-peer correlations.
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Table 3.9
OLS estimates of program impact on test scores:
equation 3 and 4 second grade (bilingual system)
Mathematics, second grade

Specification 1 Specification 2 Specification 3 Specification 4

Coef.  Std. Err.| Coef. Std. Err. Coef.  Std. Err.| Coef.  Std. Err.
T (1 = Redes Amigas) -2.5388** 1.190 |-1.7109 1.2581 |[-3.2841* 1.2009 |-3.444*  1.2703
Age 1.3418  0.8363 |0.6592  0.7046 [0.6339  0.7317
Age squared -0.0496  0.0391 |-0.0201 0.0345 |-0.0152  0.0361
Dummy (1=female) 05408 04585 |-0.8814* 04314 |-0.7419  0.4049
Selben index 0.1179* 0.0384 |0.0252  0.0344 |0.0204  0.0315
Schooling of the head of
hh. -0.0361 0.0595 |0.0133  0.0611 |0.0335  0.0555
Head of hh is indigenous -1.8241** 09230 |-1.8436™ 0.7558 |-1.7161** 0.8329
Head of hh is female 09111 07032 |-0.6577 0.5423 |-0.3815 0.5445
Hh members aged <6 0.3485  0.2814 |-0.0035 0.2420 |0.0844  0.2212
Hh members aged 6-17 0.0007  0.1674 |0.0217  0.1761 |-0.0644 0.1715
Hh members aged 18-44 02177 02565 |-0.1842 0.2312 |-0.2529 0.2197
Hh members aged 45-65 0.3179 02973 |0.2138  0.3018 |0.2595  0.3163
Hh members aged >65 -0.5930* 0.3015 |-0.4133 0.3210 |-0.3722 0.3524
Poverty incidence
(parrochial level, 1990) 0.0231  0.1182 |0.0952  0.1225
llliteracy rate
(parrochial level, 1990) -0.0514  0.0956 |-0.1366  0.0912
Student per teacher
(parrochial level, 1994) -0.2155  0.1950 |-0.1305  0.1592
Student per school build-
ing (parrochial level) -0.0134  0.0189 |-0.0159  0.0203
Student per classroom
(parrochial level, 1994) 0.2187** 0.0955 |0.1044  0.0888
Repetition rate (school
level, 1994) 162.261* 35.9733 [ 133.20*  39.0924
Student per teacher
(school level, 1994) -0.0828 0.0727 |-0.0151  0.0706
School infrastructure
index -0.3485  0.4342
Number of learnig guides
per student -1.5013  2.0665
Number of textbooks per
student 0.0385  0.0693
Dummy
(full time principal = 1) -7.9001*  2.0463
Number of training
courses for teachers 0.0820*  0.0199
Constant 8.3446*  0.7113 |-1.6533  5.317902 | 7.4120  8.2398 |4.908 7.7323
Number of cases 412 412 412 412
R squared 0.0677 0.1387 0.3132 0.391
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Language, second grade

Specification 1 Specification 2 Specification 3 Specification 4

Coef.  Std. Err.| Coef.  Std. Err. | Coef.  Std. Err.| Coef.  Std. Er.
T (1= Redes Amigas) -3.2912*  1.0544 |-2.957** 1.1555 |-3.259** 1.3342 |-3.838* 1.3734
Age 04756  0.6048 |0.5037 0.5114 |0.5455  0.5169
Age squared -0.0150 0.0273 |-0.0139  0.0243 |-0.0158  0.0243
Dummy (1=female) -0.6372 04802 |-0.9071** 0.4169 |-0.9502** 0.4032
Selben index 0.0586  0.0398 |0.0105  0.0366 |0.0205  0.0373
Schooling of the head of
hh. -0.0478  0.0563 |0.0075  0.0536 |-0.0085 0.0540
Head of hh is indigenous -1.595*** 09170 |-0.2879 0.9863 |-0.3796  1.0179
Head of hh is female 0.8544 06097 |0.5981  0.6341 |0.5441  0.6428
Hh members aged <6 02790  0.2845 |0.1560  0.2068 |0.1745  0.2067
Hh members aged 6-17 -0.0755 01754 |-0.0721 0.1690 |-0.0987  0.1704
Hh members aged 18-44 -0.1662 02141 |-0.1878 0.2123 |-0.1695  0.1989
Hh members aged 45-65 0.0249 02424 |-0.0059 0.2396 |0.0291  0.2324
Hh members aged >65 -0.0446 02990 |-0.0241 0.3416 |-0.1982 0.3426
Poverty incidence
(parrochial level, 1990) 0.1525  0.1038 |0.2074*** 0.1080
llliteracy rate
(parrochial level, 1990) -0.2339* 0.0835 |-0.2382** 0.0902
Student per teacher
(parrochial level, 1994) 0.1240  0.1721 |0.0810  0.1685
Student per school build-
ing (parrochial level) -0.0117  0.0214 |-0.0077  0.0210
Student per classroom
(parrochial level, 1994) -0.0422  0.0760 |-0.0425 0.1003
Repetition rate
(school level, 1994) 62.805* 24.8776 | 60.60**  34.6953
Student per teacher
(school level, 1994) 0.0378  0.0555 |0.0632  0.0625
School infrastructure
index 0.0460  0.4022
Number of learnig guides
per student 3.038"*  1.6673
Number of textbooks per
student 0.0641  0.0630
Dummy
(full time principal = 1) -3.016™*  1.7195
Number of training
courses for teachers -0.0034  0.0177
Constant 10.8009 0.6542 |7.8100** 4.6316 |2.555 6.9345 |-2.813 7.7685
Number of cases 412 412 412 412
R squared 0.1325 0.1679 0.3293 0.3533

Note: *Significant at 1%, ** Significant at 5% *** Significant at 10%. Standard errors are in parenthesis and
corrected by heteroskedasticity and within-peer correlations.
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Table 3.10
OLS estimates of program impact on test scores:
equation 3 and 4 fourth grade (bilingual system)
Mathematics, fourth grade
Specification 1 Specification 2 Specification 3 Specification 4
Coef.  Std. Err. Coef.  Std. Err. | Coef.  Std. Err.| Coef.  Std. Err.
T (1= Redes Amigas) -3.012*  0.7845755 |-3.064*  0.7334  |-4.338* 1.2221 |-5.385*  1.6532
Age -0.3729 01979  |-0.3296 0.2578 |[-0.228  0.2833
Age squared 0.0081** 0.0037 |0.0066 0.0051 |0.0043  0.0055
Dummy (1=female) -0.3336 04253  |-0.2809 0.4261 [-0.0262 0.4209
Selben index 0.0350 0.0279 0.038  0.0265 [0.027 0.0265
Schooling of the head of
hh. -0.065  0.0479 |-0.0742 0.0507 [-0.0787 0.0504
Head of hh is indigenous -1.260** 0.7266  |-1.004  0.6441 [-1.012  0.6418
Head of hh is female 0.684 0.6155 [0.6494 05897 |0.700 0.5868
Hh members aged <6 -0.1253  0.2865 |-0.098  0.2950 [-0.135  0.2913
Hh members aged 6-17 0.291** 0.1551  [0.1819  0.1403 [0.184 0.1359
Hh members aged 18-44 0.511**  0.2402  0.4929** 0.2319 [0.388** 0.2281
Hh members aged 45-65 0.320 0.2700  [0.2690  0.2699 |0.071 0.2526
Hh members aged >65 0.1850  0.4871 [0.1147  0.4248 |-0.0860 0.4488
Poverty incidence
(parrochial level, 1990) 0.1297  0.1165 |0.207** 0.1225
llliteracy rate
(parrochial level, 1990) 0.055  0.0969 |0.053 0.1031
Student per teacher
(parrochial level, 1994) -0.2156 0.1622 |-0.2932  0.2006
Student per school building
(parrochial level) 0.0077 0.0189 [0.0139  0.0216
Student per classroom
(parrochial level, 1994) -0.200* 0.0976 |-0.282*** 0.1615
Repetition rate
(school level, 1994) -10.898 235797 |-2413  35.8086
Student per teacher
(school level, 1994) 0.077  0.0598 |0.123**  0.0603
School infrastructure index -0.233  0.4906
Number of learnig guides
per student 3.196 2.6006
Number of textbooks per
student 0.096 0.0746
Dummy
(full time principal = 1) -5.566**  2.3035
Number of training courses
for teachers 0.0083  0.0524
Constant 9.425* 0.5286598 [11.056  2.158252 |3.7867 8.8415 |-0.658  8.1155
Number of cases 348 348 348 348
R squared 0.1584 0.2059 0.2487 0.3002
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Language, fourth grade

Specification 1 Specification 2 Specification 3 Specification 4
Coef.  Std. Err. Coef.  Std. Err. | Coef.  Std. Err. | Coef.  Std. Err.
T (1= Redes Amigas) -2.68*  0.7699793 |-2.222*  0.7727 |-2.657 1.6423 |-3.023  2.1799
Age -0.0166  0.2571  |0.1301  0.2927 |0.084 0.2905
Age squared 0.0038  0.0045 10.0005 0.0053 [0.0008  0.0053
Dummy (1=female) -0.3735 04481  |-04675 04588 |[-0.428  0.4359
Selben index 0.076**  0.0335  [0.059*** 0.0316 [0.0469  0.0302
Schooling of the head of
hh. 0.0215  0.0451  ]0.0321 0.0413 [0.022 0.0392
Head of hh is indigenous 04207 05187 |0.4604 0.5754 |0.3688  0.5461
Head of hh is female 04261 04873 04842 0.4658 (04581  0.4383
Hh members aged <6 -0.0836  0.2407 |-0.086  0.2250 |[-0.1463  0.2068
Hh members aged 6-17 0.111 0.1512  |-0.0047 0.1247 |0.015  0.1262
Hh members aged 18-44 0.235 02233 [0.2149 02127 [0.1638  0.2111
Hh members aged 45-65 0.295 0.2588 [0.1958 0.2526 |0.0934  0.2523
Hh members aged >65 0.3725 05997 10.195  0.6368 [0.0524  0.5960
Poverty incidence
(parrochial level, 1990) 0.127  0.1151 |0.183 0.1299
llliteracy rate
(parrochial level, 1990) -0.078 01175 [-0.0998 0.1278
Student per teacher
(parrochial level, 1994) -0.0938 0.1948 [-0.116  0.2379
Student per school building
(parrochial level) -0.0062 0.0243 |-0.0103  0.0273
Student per classroom
(parrochial level, 1994) 0.0636  0.1384 [0.097 0.1952
Repetition rate
(school level, 1994) 23.08  26.9811 [33.41 37.8907
Student per teacher
(school level, 1994) 0.061 0.0459 [0.091**  0.0416
School infrastructure index 0.1975  0.4238
Number of learnig guides
per student 5.442* 26102
Number of textbooks per
student 0.0465  0.0635
Dummy
(full time principal = 1) -0.5618  1.9792
Number of training courses
for teachers -0.1187** 0.0499
Constant 9.80*  0.4662342 [5.569*** 3.2487 |-3.728  8.3031 |[-7.485  7.8747
Number of cases 348 348 348 348
R squared 0.1202 0.1703 0.2133 0.2775

Note: *Significant at 1%, ** Significant at 5% *** Significant at 10%. Standard errors are in parenthesis and
corrected by heteroskedasticity and within-peer correlations.
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Table 3.11
Probit model to estimate the equation for program participation

Hispanic Indigenous

Dependent variables: T

(1=Redes Amigas) Second grade Fourth grade Second grade Fourth grade

Coeficient Std. Error|Coeficient Std. Error|Coeficient Std. Error|Coeficient Std. Errol

Age -0.1956  0.4465 |[0.9869***0.5352 |1.340* 0.4191 [0.0732 0.1422
Age squared 0.020  0.0248 [0.0516  0.0244 [0.0577* 0.0188 0.0002  0.0026
Dummy (1=female) 0.0502 0.0873 |0.226™ 0.0890 [0.0976  0.1053 [0.1127  0.1431
Selben index 0.0680* 0.0103 0.0652* 0.0120 [0.0821* 0.0152 |-0.0825* 0.0169

Schooling of the head of hh. [0.0076 ~ 0.0227 }-0.0232 0.0234 }0.0606* 0.0251 [0.0421  0.0359
Head of hh is indigenous -0.2405 0.2613 04146 0.3619 [0.4621 0.5499 ]0.6412** 0.3031
Head of hh is female 0.2926** 0.1368 0.21401 0.1811 ]0.1209  0.2593 }0.527** 0.2803
Hh members aged <6 0.2006* 0.0579 0.0991  0.0694 }0.0755 0.0759 [0.0957  0.0856
Hh members aged 6-17 -0.0358 0.0305 0.0030 0.0565 [0.0802 0.0570 [-0.0806 0.0549
Hh members aged 18-44  }-0.0183 0.0597 [0.0054 0.0374 [0.0959  0.0881 [-0.1219***0.0739
Hh members aged 45-65  [0.1456™* 0.0821 }0.0924 0.1012 [0.0851 0.0823 [0.1363 0.1455
Hh members aged >65 02065 0.1561 10.1225 0.1721 [0.1592 0.1194 [0.3167  0.2028
Dummy for region (Costa=1) [1.4335* 0.4768 [1.1693** 0.5360
Poverty incidence (parrochial

level, 1990) -0.0146  0.0188 0.0023 0.0190 |0.076 0.0731  [0.0933  0.1202
llliteracy rate (parrochial level,

1990) 0.0229  0.0327 0.0188 0.0322 ]0.2448** 0.1489 [0.5419* 0.1160
Student per teacher (par-

rochial level, 1994) -0.2507* 0.0779  }-0.2592* 0.0760 }[0.7254**0.4475 |-1.049* 0.3207
Student per school building

(parrochial level) -0.0086 0.0072 0.0100 0.0071 }0.00007 0.0188 [0.035*  0.0103
Student per classroom (par-

rochial level, 1994) 0.1154 0.0848 10.0918 0.0917 }0.0892 0.1642 |-0.8068* 0.2645
Repetition rate (school level,

1994) 0.9100 5.0944 |2.660 5.6295 }[12.617 485049 [45.390 62.2298
Student per teacher (school

level, 1994) 0.0278*** 0.0161 0.027*** 0.0168 [0.0091  0.0219 [0.0266  0.0142
Constant -1.725  2.5100 [3.042 3.5565 [9.552**  4.2813 [8.617*** 4.4763
Number of cases 928 870 412 348

Pseudo R squared 0.4393 0.3871 0.5012 0.7593

Note: *Significant at 1%, ** Significant at 5% *** Significant at 10%. Standard errors are in parenthesis and
corrected by heteroskedasticity and within-peer correlations.

As displayed in Table 3.7, the OLS estimates show a statistically sig-
nificant impact of the program on second grade mathematics and lan-
guage for the Hispanic system. The result remains significant through the
four different specifications used, showing a positive effect of the inter-
vention through two channels: improving school inputs, and changing
the school management structure. However, the effect of school inputs
seems weak. In mathematics, none of the school input variables is signif-
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icant; suggesting that the overall impact of the program is mainly due to
changes in school management. In language, on the other hand, the
dummy for full-time principal has a significant and positive association
with test scores.

Table 3.8 displays results for the Hispanic system in fourth grade. In
this case, again, one finds significant and positive effects of the program
on both mathematics and language. In addition, in both cases the num-
ber of learning-guides and the number of textbooks per student, as well
as the dummy for full-time principal has a significant and positive associ-
ation with test scores. Conspicuously, in the bilingual case, the effect of
program intervention is significant but negative for both mathematics
and language in second grade. The result remains through the four speci-
fications used. However, in terms of school inputs, the number of learn-
ing-guides per student, and the number of training courses for teachers
are positively associated with test scores in language and math respec-
tively suggesting that improving these items could lead to improvements
in students’ achievements. Contrary to the Hispanic case, under the bi-
lingual system, having a full-time principal is negatively associated with
test scores. This is an unexpected result. It is hypothesized that having a
full-time principal can improve school management and lead to im-
provements in the learning process; however, this does not appear to be
happening in bilingual schools. It is likely that improving the manage-
ment structure leads to additional school inputs, especially textbooks. A
potential problem is that textbooks and other inputs used by bilingual
schools were developed under the Hispanic system and may not be
suited to the needs of students in the bilingual system.”

Similar results are found for fourth-grade. See Tables 3.9 and 3.10.

3.6.2 PSM estimates

The next part introduces the results of the PSM estimates. As mentioned
carlier, estimates under PSM use several types of matching (nearest
neighbor, five nearest neighbors and Kernel), and are restricted to the
region of common support. To begin, the results of the selection equa-
tion are introduced. As already mentioned, the selection equation is a
probit model that analyzes the probability of program participation by
incorporating variables related to community and school characteristics
previous to program intervention, as well as control variables at the
household level, plus geographic controls (a dummy variable for region).
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Results for the Hispanic as well as the bilingual case are displayed in Ta-
ble 11. In the Hispanic case there is a significant and positive association
between the score in the Selben index and program participation. Higher
values in the Selben index (wealthier households) are associated with a
higher probability of participating in the program. Schools pertaining to
the Costa have higher probability of participating in the program than
those of the Szerra. The student per teacher ratio, which shows the size of
the student population as well as the endowment of teachers at parochial
level has a significant and negative relation to program participation.
This means that communities with higher levels of concentration of
schooling age population have lower probability of participating in the
program. Finally, the student per teacher ratio at school level, which re-
flects the congestion of schools, shows a significant and positive relation
to program participation. Schools with higher classroom congestion have
more probability of participating in the program. Results are similar for
fourth and second grade. Regarding the bilingual system, Table 11 shows
a negative relation between program participation and the Selben index,
as well as with the schooling of the household head. This means that
households with a lower socioeconomic status and a lower schooling
level of its head have a higher probability of participating in the program.
At the parochial level, the illiteracy rate has a positive association with
program participation. It also suggests that communities with higher illi-
teracy rates have a higher probability of participating in the program.
The number of students per teacher at parochial level is negatively asso-
ciated with program participation. Again, this means that communities
with higher levels of concentration of schooling age population have
lower probability of participating in the program.

Results of PSM estimates are presented separately for second- and
fourth-grade in the Hispanic as well as the bilingual system. See Tables
3.12 and 3.13.
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Table 3.12
PSM estimates of program impact in second grade.
Several types of matching. Restricted to the region of common support.

Hispanic National One to one matching Five nezl;:_;it neigh- Kernel matching
ATT Math Language Math Language Math Language
Treated 11.8308 12.8589 11.8308 12.8589 11.8308 12.8589
Controls 7.6200  9.6804 6.9632  9.7203 6.9633  9.7804
Difference 4.2108*  3.1784* 4.8676*  3.1385* 4.8675* 3.0784*
Standard error 0.5182  0.6443 0.4942  0.5803 0.4674  0.5763
ES;SZ:;” common 914 917 914 917 914 917
Bilingual One to one matching Five neabr(')ersst neigh- Kernel matching
ATT Math Language Math Language Math Language
Treated 4.6666  7.5097 4.6666  7.5208 4.6660  7.5208
Controls 8.0625 10.9029 7.8541 10.2625 7.9895  10.3461
Difference -3.3958* -3.3932* -3.1875*  -2.7416* -3.3228*  -2.8252*
Standard error 0.8557  0.8149 0.7185  0.8940 0.9692  0.7266
Ej;g;r‘;” common 302 412 302 412 302 412

Note: *Significant at 1%. ** Significant at 5%. *** Significant at 10%. Standard errors in paren-
thesis and computed by bootstrapping.

In the Hispanic case, a positive and significant impact of the program
is found in both mathematics and language for second and fourth grade.
Results are robust through the different types of matching used. The
program has an impact of around 5 points, and 3 points (out of 20) in
second grade for math and language respectively. In fourth grade the
impact is around 2 points for math and 1 point for language. In the bi-
lingual system (of Sierra) for second grade, the program has a negative
impact on both mathematics and language. The result is robust through
the different types of matching. In fourth-grade the effect of the pro-
gram is also negative for mathematics, and no significant results are
found for language. Appendix A introduces the results for the OLS es-
timates of equation (3) and (4) for the Hispanic and bilingual system re-
spectively, but restricting the sample only to the region of common sup-
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port. Results are the same as those found under the OLS estimates for
the complete sample.

Table 3.13
PSM estimates of program impact in fourth grade.
Several types of matching. Restricted to the region of common support.

Hispanic National One to one matching Five neab:)ersst neigh- Kernel matching
ATT Math Language Math Language Math Language
Treated 9.6910 13.7513 9.6910 13.7513 | 9.6910 13.7513
Controls 7.9109 13.1675 7.4209 12.8157 |7.3822 12.8959
Difference 1.7801*  0.5837 2.2701* 0.9356** | 2.3088* 0.8553*
Standard error 0.4953 0.4856 0.4751 0.4766 0.3655 0.3404
gj;;;r‘:” common 830 830 830 830 830 830
Bilingual One to one matching Five neab:)ersst neigh- Kernel matching
ATT Math Language Math Language Math Language
Treated 6.0780 7.1257 6.0780 7.0992 6.0158 7.0158
Controls 9.1418 5.0239 8.1546 5.4141 8.8898 5.4573
Difference -3.0638**  2.1017*** | -2.0765*** 1.6851 -2.8740*  1.5585
Standard error 1.2961 1.3337 1.1024 1.0660 1.123 1.2456
gj;gzr‘;” common 322 348 322 348 307 307

Note: *Significant at 1%. ** Significant at 5%. *** Significant at 10%. Standard errors in paren-
thesis and computed by bootstrapping.

Appendix C introduces the results for the bias corrected matching
developed by Abadie and Imbens (2002). The advantage of this tech-
nique is that it combines the bias reduction from the matching —
produced by comparing units with similar values of the covariates-, with
the bias reduction from the regression. In addition, the technique uses
matching with replacement, which allows one to improve the quality of
matching (Abadie and Imbens, 2002). Results are similar to those of the
normal matching showing a positive and significant impact of the pro-
gram in mathematics and language in the Hispanic system. Results for
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the bilingual system become positive or insignificant. Results for the
weighting match in the Hispanic and the bilingual case are introduced in
Tables 3.14 and 3.15 respectively.

Table 3.14
Weighted OLS estimates of program impact (equations 7 and 7.1)
Hispanic system

Hispanic
Second grade Fourth grade

Specif.1 Specif.2 Specif.3 Specif.4 | Specif.1 Specif.2 Specif.3 Specif.4

Mathematics
T 4.8441* 5.2614* 4.7367* 3.7437* |2.1604* 2.3458* 2.3537* 2.2859*

(0.9463) (0.9424) (0.6856) (0.6917) | (0.5353) (0.4617) (0.4593) (0.4319)
Rsquared 0.2235 0.2800 0.3647 0.3969 [0.0779  0.1380 0.1662  0.2127

Language

3.3962* 3.1687* 2.7314* 2.2281* |0.8637* 0.9014  1.1403* 1.0915*
(0.8004) (0.7299) (0.6960) (0.8015) | (0.9861) (0.7592) (0.4456) (0.3985)
Rsquared 0.1350 0.2226 0.2546 0.2904 |0.0107 0.1595 0.2798  0.3338

Number 927 927 927 927 870 870 870 870
of cases

Note: *Significant at 1%, ** Significant at 5%. *** Significant at 10%. Standard errors are in
parenthesis and corrected by heteroskedasticity and within-peer correlations.

Table 3.15
Weighted OLS estimates of program impact (equations 7 and 7.1)
Bilingual system

Bilingual
Second grade Fourth grade

Specif.1 Specif.2 Specif.3 Specif.4 | Specif.1 Specif.2 Specif.3 Specif.4

Mathematics
T -2.2885** -2.0798*** -3.6080* -3.7292* | -1.1992 -1.3756***-1.8852** -2.0751**

(1.1024) (1.1987) (0.9407) (0.8434) | (0.7470) (0.7768) (0.7745) (0.8884)
Rsquared 0.0527 0.1160 0.3468 0.4359 | 0.0508 0.2909 0.4170 0.5017

Language
-3.5314* -3.3192* -3.8099* -4.3181*|2.5177** 1.860** 1.2420 1.1772
(1.1474) (1.1426) (1.1364) (1.1228) | (0.9220) (1.0751) (0.8145) (0.7725)

Rsquared 0.1352 0.1609 0.3556 0.4064 |0.1177 0.3823 0.5769  0.6498

Number 412 412 412 412 348 348 348 348
of cases

Note: *Significant at 1%, ** Significant at 5%. *** Significant at 10%. Standard errors are in
parenthesis and corrected by heteroskedasticity and within-peer correlations.
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Results are similar to those under the simple matching. Under the
weighting match, the same four specifications as in the simple OLS are
used, and results show a significant and positive impact of the program
on test score for both language and mathematics in the Hispanic case. In
second grade the effect of the program on mathematics is around 4.7
points under specification (3), while under specification (4) it is only
around 3.7 points. In the case of language the effect to the program is
around 2.7 points under specification (3) and 2.2 points under specifica-
tion (4). In fourth grade, the effect of the program on math is around 2.4
points under specification (3) and 2.3 under specification (4); while the
effect of the program on language is around 1.1 points under specifica-
tion (3) and 1 point under specification (4). These results suggest that the
effect of the program works through two channels of intervention: im-
proving school infrastructure (around 80% for math in second grade) as
well as through changes in school management (around 20% of the ef-
fect for math in second grade). In the bilingual case the effect of the
program is significant and negative for both mathematics and language in
second grade. For fourth grade the program has a negative effect on
math, but no significant effect on language.

An explanation for the negative result in the bilingual system could be
that, as already mentioned, in the bilingual case, the Ministry of Educa-
tion explicitly promoted the participation of the poorest schools and de-
spite the use of PSM and restricting comparisons to applicants and par-
ticipants the evaluation design may not have successfully eliminated pre-
program differences between participants and non-participants. One ad-
ditional explanation, as already mentioned, refers to the hypothesis of
culturally inadequate curricula (Glewwe et al. 2007). The program pro-
vided Indigenous and Hispanic schools with the same school textbooks
and other inputs. The indigenous children have a different worldview
and cultural values than the children form the Hispanic system. The me-
chanical transposition of school materials developed for other cultural
context could produce negative effects on the learning process.
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Figure 3.1
Distribution of propensity scores for treatment and control groups
Hispanic system

0 2 4 .6 .8 1
Propensity Score
I untreated [ Treated: On support

[ Treated: Off support

Figure 3.2
Distribution of propensity scores for treatment and control groups
bilingual system

0 2 4 .6 8 1
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[ Treated: Off support
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In order to evaluate the quality of the matching, Appendix B intro-
duces the test for balancing variables before and after matching across
the treatment and control groups. Results are introduced separately for
second grade in the Hispanic and the bilingual system.” While post-
matching tests support the null hypothesis of equality of means (between
treatment and control groups) of most of the variables included in the
selection equation, there are some important variables that determine
program participation, such as the score in the Selben index, the dummy
for region, and the ratio student per classroom that remain significantly
different between treatment and control groups. The post-matching dif-
ferences between the treatment and control groups suggest that given
the available data it is difficult to obtain an unbiased estimate of the ef-
fect of the decentralization program on test scores. The same conclusion
can be obtained when one analyses the regions of common support be-
tween treatment and control groups (see Figures 3.1 and 3.2). One inter-
esting point in this part is that according to this evidence the matching
for the bilingual case performs better than the matching for the Hispanic
schools.

As mentioned in the methodological section, a potential bias of PSM
estimates could come from the presence of un-observables in the selec-
tion process. Results of estimates of equation (8) to test for un-
observables are presented in table 16. As mentioned, the idea of the test
is to compute the generalized residuals from the probit model used to
estimate program participation, and then incorporate them, as a regres-
sor, in a OLS regression where the dependent variable is the outcome
variable of interest (the respective test score). Two specifications were
used. Specification 1 includes individual and household characteristics,
and specification 2 includes, in addition, school variables that were influ-
enced by the program.” In all cases the coefficient of the generalized
residuals is statistically insignificant, implying that, possibly, un-
observables do not exert an influence on program participation.
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Table 3.16
Test for un-observables in the selection process: equation 8

Second grade Fourth grade

Mathematics Language Mathematics Language
Specif.1 Specif.2 | Specif.1 Specif.2 | Specif.1  Specif.2 | Specif.1 Specif.2

Hispanic
:‘,’:&Z 0.0211 -0.3880 | 0.3344 0.6521 0.3892 0.2755 0.9043 0.8425

(0.8165)  (0.6828) | (0.7622) (0.9017) | (0.6603)  (0.6309) | (0.7490) (0.7223)
T 4.1375* 4.4224* | 1.7648 1.3985 1.6744** 1.8377*** | -0.3883 -0.3116

(1.0500)  (0.9411) | (1.2923) (1.4877) | (0.9898) (0.9617) | (1.0340) (1.0516)
R 0.1971 0.2169 0.1644 0.1764 0.1073 0.1541 0.2051 0.2517
squared
Number

926 926 927 927 870 870 870 870
of cases

Bilingual
gt:z -2.0465 -1.7047 | -0.4850 -1.0037 | 0.1657 0.1445 1.5901 1.7911

(1.3707)  (1.3236) | (1.2929) (1.1940) | (0.9065) (1.0310) | (1.0430) (1.1471)
T 0.2004 -0.4048 | -2.5044 -1.9021 | -3.4828* -3.6948* | -3.0590* -3.3154*

(1.7702)  (1.4765) | (1.5816) (1.4392) | (0.7848) (0.7271) | (0.9008) (0.8206)

R 0.1659 0.2537 0.1696 0.2382 0.2269 0.2478 0.194 0.2358
squared
Number 4, 412 412 412 326 326 326 326
of cases

Note: *Significant at 1%, ** Significant at 5%, and *** significant at 10%. Standard errors are in paren-
thesis and corrected by heteroskedasticity and within-peer correlations.

3.7 Conclusions

Decentralization of education is an important component of educational
policies in Latin America. Most Latin American countries started decen-
tralizing their education systems during the 1990s. Broadly, two types of
decentralization reforms are found in the region. First, decentralization
based on transferring school administration from the central government
to local governments or private associations. Second, decentralization
based on transferring school administration to local communities with
parents’ participation. Despite the importance of decentralization in Lat-
in America, evidence on the impact of these policies on school outcomes
is scarce. The existing evidence shows that when decentralization is
based on transferring school administration to local governments, its im-
pact on school outcomes depends on the level of development of local
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governments. The process appears to be successful when local govern-
ments have adequate technical, financial and political capability.

Regarding the second case of decentralization based on transferring
school administration to local communities with parents’ participation,
most of the experiences come from Central America, where the main
objective was to improve school enrolment in remote rural areas.

Ecuador, like most Latin America countries, started its decentraliza-
tion process at the beginning of the 1990s. The model of decentraliza-
tion applied was based on transferring administrative, budget, and peda-
gogical responsibilities to schools. One novel point in the Ecuadorian
experience of educational decentralization was that the program explicit-
ly intended to improve students’ cognitive achievements. The program
was expected to improve learning conditions through two channels; by
improving school inputs, and by changing the school management struc-
ture. In this chapter, an impact evaluation of this program was con-
ducted.

The original design of the program, like most decentralization expe-
riences in Latin America, did not include an impact evaluation design.
Consequently, it was not possible to carry out an experimental study, or
to have a baseline survey. Administrators of the program decided to eva-
luate its impacts once it had almost finished. Fortunately, a group of
schools that decided to participate in the program, but had not received
the treatment was available to create a comparison group. In this regard,
by restricting the sample to program applicants (pipeline design) this pa-
per attempted to control for un-observables in the selection process for
program participation. In addition, the paper tried to control for obser-
vables by using a propensity score matching. Despite methodological
efforts to construct an appropriate control group, post-matching statis-
tical tests suggested that the treatment and control group still differ, rais-
ing the possibility that the positive effect of decentralization in Hispanic
schools and the negative effect in bilingual schools may well be attri-
buted to positive and negative selection, respectively. Overall, given the
currently available data it would be premature to draw conclusions about
the effect of the decentralization program on test scores. However, de-
centralization has increased parental and community participation in the
educational process. Therefore, decentralization could play an important
role in improving school monitoring through parents and the communi-
ty. A greater parental role may bring parents closer to the educational
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process and increase the acceptability and value of educational invest-
ments.

Notes

1 Efficiency can de defined in two different ways; technical as well as social effi-
ciency. Technical efficiency refers to produce a higher output for similar costs or
the same output for lower costs. Social efficiency refers to choices that reflect
more closely consumers’ preferences. (Di Gropello, 2000).

2 This argument comes from the principal-agent literature. See Di Gropello
(2000) for a review.

3 Di Gropello (20006) finds three decentralization models of education in Latin
America: The “Sub-national government model” applied in Argentina, Mexico,
Chile and Brazil, where the education service delivery was transferred to the mu-
nicipal level. The “Sub-national shared responsibility model”, applied in Colom-
bia and Bolivia, where the main responsibilities in education were transferred to
the departmental and municipal level. Finally, the “School autonomization
model”, applied in Nicaragua, Honduras, El Salvador, and Guatemala, where
school administration was transferred to local communities.

4 See Espinola V. (1997), Gershberg A. (1999), and Winkler and Gershberg
(2000) for a review.

5 Although the effect of the program is not robust, it is sensitive to the specifica-
tion of the participation equation. The main conclusion of the paper is that the
program has not lessened child learning (Jimenez and Sawada, 1999).

¢ Taken from a total of around 400 public secondary schools.

7 In addition to El Salvador, the cases of Guatemala, and Honduras also defined
as the main objective of decentralization to improve school enrollment in remote
rural areas.

8 De facto decentralization was computed by using an index that measures the
level of patticipation of parents on key school decisions. It does not refer to pro-
gram participation, which is named de jure decentralization by the authors. See,
King and Ozler 2000 for more details.

? See Emanuela D1 Gropello (2006) for a review of those programs.
10 See Guedes, at, al. (1997) for a review of the experience of Minas Gerais.

1 Ecuador has three geographic regions (Costa, Sierra and Amazonia), and two dif-
ferent education systems, the Hispanic system, where the official language is
Spanish and most students are meszizos, and the indigenous system where Spanish
and Quichua are taught, and most students are indigenous.
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12 An evaluation study of the program, using qualitative data, show that teachers
and communities of schools in the program were more enthusiastic and more
involved in the education process (Flacso, 2005). I was the head of the team in
charge of this study.

13 For a review of the education production function approach, see Bowles, 1970;
Hanushek, 1979; Behrman, 1999; Pritchett and Filmer, 1997; Todd and Wolpin,
2003.

14 Quasi-networks are composed of schools that have successfully applied for the
program, but, because of some administrative issues, have not yet received it.

15The Ecuadorian Ministry of Education takes schools and teachers information
every year. Data have been available in electronic means since 1994.

16'Those variables could not be used as instruments under an instrumental vari-
able approach. Although they are highly correlated with program participation,
they do not satisfy the “exclusion restriction” because they are also correlated
with test scores.

17 Examples of studies using a pipeline comparison design are: Angrist, 1998;
Chase, 2002; and, Galasso and Ravallion, 2004.

18 Most of the quasi-networks did not receive treatment due to administrative
reasons. For example, an incorrectly filled admission form, or the composition of
the pedagogical committee was not adequate.

19'The region of common support refers to individuals with similar characteristics
regarding the variables that influence program participation.

20 Like all experiences of decentralization in Latin America, the initial design of
the program did not incorporate an impact evaluation part. In this sense, an ex-
perimental design was not possible. The evaluation study only was contracted at
the end of the program as a requirement of the IDB. Fortunately, the availability
of quasi-networks was an opportunity to use a pipeline comparison design.

21 Using this weight one obtains the average treatment on the treated. If one
wants to get the average treatment effect for the population, the weights are
1/(P(X) for treated units, and 1/(1—(P(X)) for the controls (See, Hirano, Imbens
and Ridder 2003 for details).

22 For a review of models with sample selection bias see Vella (1998).

23 This term is the inverse Mills ratio for the entire sample. See Vella (1998) for a
review.

24 Jalan and Ravallion (1999) use this test.

%] was the head of the team in charge of designing the survey as well as taking
the data.
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2 Tests were different in order to capture cultural differences between children
from Hispanic and bilingual schools. Tests were probed and validated with the
technical support of the Ministry of Education.

27The Selben index is a multivariate index computed using nonlinear principal
components, and it is a combination of 20 variables representing basically house-
hold assets, and household socio-demographic characteristics. The index is scaled
from 0 to 100 and is used to target social programs in Ecuador. Values close to 0
stand for extremely poor, while values close to 100 stand for wealthy.

28'The school infrastructure index is scaled from 0 to 5, and was computed using
indicator variables that take the value of 1 if the characteristic is present. The fol-
lowing characteristics were taken into account: teacher housing, potable water,
electricity, bathrooms, and space for children to play.

29 Some child variables such as time dedicated to work, time watching TV, and
whether parents help to children with homework, were not included because of
endogeneity concerns. However, results are not different when those variables
are included.

30 ]t was not possible to incorporate current school and community fixed effects
because of the sample design. As mentioned, the sampling unit was the network
and inside the network information was taken for all the schools pertaining to the
network. Networks superpose to communities, so it is impossible to find in one
community schools for treatment and control group. In the same way, it is im-
possible to find in one school students from treatment and control group.

31 Glewwe et al. (2007) using an experimental design found no significant effect
of a textbooks program in Kenya. One of the reasons for the null impact is that
the textbooks were written in English and the poorer students could not use
them. According to the authors, this is an example of culturally inadequate cut-
ricula.

32 Results are similar for fourth grade and are available under request.

3 Individual and household variables, as well as school characteristics are the
same introduced under the OLS estimates of equations (3) and (4).

3 As already mentioned, to facilitate the identification of equation 8, I included
community level variables previous to program intervention in the selection equa-
tion, and excluded them from the output equation. Although these variables are
not good instruments (because they also affect test scores); the fact that those
variables are lagged several years can be helpful. In this case the endogeneity af-
fects only the small sample properties of the OLS estimates but not its asymp-
totic distribution (Verbeek, 2000).
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Appendix A

Results of OLS estimates of equation (3) and (4).
Only for the region of common support.

Hispanic system

Second grade

Mathematics,

second grade

Specification 1

Specification 2

Specification 3

Specification 4

Std. Std. Std. Std.
Coef. Err. Coef. Err. Coef. Err. Coef. Err.
T (1 = Redes Ami-
gas) 4.3343*  0.6710 | 4.1548* 0.7098 | 4.0199* 0.7436 | 3.6543* 0.7276
Number of cases 914 914 914 914
R squared 0.1728 0.1906 0.2341 0.2483

Language, st

econd grade

Specification 1

Specification 2

Specification 3

Specification 4

Std. Std. Std. Std.
Coef. Err. Coef. Err. Coef. Err. Coef. Err.
T (1 = Redes Ami-
gas) 3.0287* 0.6847 | 2.1598* 0.6911 | 1.9898* 0.6619 | 2.124* 0.6788
Number of cases 913 913 913 913
R squared 0.1032 0.1638 0.2015 0.2101
Fourth grade Mathematics, fourth grade

Specification 1

Specification 2

Specification 3

Specification 4

Std. Std. Std. Std.
Coef. Err. Coef. Err. Coef. Err. Coef. Err.
T (1 = Redes Ami-
gas) 2.2893* 0.5685 | 2.1570* 0.5351 | 2.1882* 0.5467 | 2.2112* 0.5022
Number of cases 830 830 830 830
R squared 0.0757 0.1036 0.1477 0.1976

Language, fourth grade

Specification 1

Specification 2

Specification 3

Specification 4

R squared

Std. Std. Std. Std.
Coef. Err. Coef. Err. Coef. Err. Coef. Err.
T (1 = Redes Ami-
gas) 1.47*** 0.8163 | 0.7522 0.6891 |1.1324** 0.5383 | 1.1698* 0.4387
Number of cases 830 830 830 830
0.0284 0.1906 0.2793 0.3171

Note: *Significant at 1%, ** Significant at 5%, and *** significant at 10%. Standard errors are in
parenthesis and corrected by heteroskedasticity and within-peer correlations.
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Bilingual system
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Second grade Mathematics, second grade
Specification 1 Specification 2 Specification 3 Specification 4
Std. Std. Std. Std.
Coef. Err. Coef. Err. Coef. Err. Coef. Err.
T (1 = Redes Ami- -
gas) -3.6779* 1.5274 | 2.9772* 1.4790 |-3.0324** 1.2042 |-3.8848" 1.1672
Number of cases 302 302 302 302
R squared 0.1214 0.2244 0.3741 0.4401

Language, second grade

Specification 1

Specification 2

Specification 3

Specification 4

Std. Std. Std. Std.
Coef. Err. Coef. Err. Coef. Err. Coef. Err.
T (1 = Redes Ami-
gas) -3.2801* 1.4927 |-2.821*** 1.5029 |[-3.0250** 1.3504 |-4.3717* 1.2023
Number of cases 302 302 302 302
R squared 0.1165 0.1738 0.2926 0.3695
Fourth grade Mathematics, fourth grade

Specification 1

Specification 2

Specification 3

Specification 4

Std. Std. Std. Std.
Coef. Err. Coef. Err. Coef. Err. Coef. Err.
T (1 = Redes Ami-
gas) -3.3474* 0.8037 |-3.4456* 0.7246 |-3.1097* 0.9176 |-4.4839* 1.0002
Number of cases 322 322 322 322
R squared 0.1826 0.2278 0.2794 0.3421

Language, fourth grade

Specification 1

Specification 2

Specification 3

Specification 4

Std. Std. Std. Std.
Coef. Err. Coef. Err. Coef. Err. Coef. Err.
T (1 = Redes Ami-
gas) -2.7073* 0.8611 |-2.2436** 0.8761 | -0.8977 1.1322 | -1.7069 1.2248
Number of cases 322 322 322 322
R squared 0.1158 0.1734 0.2667 0.3406

Note: *Significant at 1%, ** Significant at 5%, and *** significant at 10%. Standard errors are in
parenthesis and corrected by heteroskedasticity and within-peer correlations.
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Appendix B
Test for balancing variables, before and after matching
Hispanic system
Mean %
Variable Sample %bias | redu t p>t
Treated Control bias

Score in Selben index | Unmatched | 46.842 38.813 77.8 11.8 0

Matched 46.511 43.153 32.5 58.2 5.08 0
Schooling of the Unmatched | 6.609 5.4138 34.6 5.22 0
household's head Matched 6.5324 5.6159 26.5 23.3 4.1 0
Household's head is Unmatched | 0.10183 0.31264 -53.8 |-8.27 0
indigenous Matched 0.10438 0.09603 2.1 96 0.43 0.667
Household's head is Unmatched | 0.14868 0.10345 13.6 2.06 0.039
female Matched 0.14823 0.15031 -0.6 95.4 -0.09 |0.928

Unmatched | 0.85743 0.90345 -4.9 -0.74 | 0.461
Hh members aged <6 Matched 0.86013 0.93111 -7.5 -54.3 [-1.14 |0.254
Hh members aged 6- Unmatched | 2.6568 2.9126 -18.5 |-2.81 |0.005
17 Matched 2.6649 3.0063 -24.6 |-33.4 |-3.89 0
Hh members aged 18- | Unmatched | 1.8859 1.9241 -4.1 -0.62 | 0.532
44 Matched 1.8873 1.7912 10.3 -151.5 | 1.66 0.097
Hh members aged 45- | Unmatched | 0.39511 0.38391 1.7 0.25 0.8
64 Matched 0.39875 0.41962 -3.1 -86.3 |-0.5 0.616

Unmatched | 0.10794 0.13793 -7.3 -1.12 ] 0.263
Hh members aged >64 | Matched 0.10647 0.08977 4.1 44.3 0.68 0.498
Dummy for region 0.45621 0.18391 61 9.19 0
(Costa=1) 0.45303 0.56159 -24.3 | 60.1 -3.38 | 0.001
Poverty incidence Unmatched | 69.491 80.231 -74.3 | -11.13 0

Matched 69.897 63.432 44.7 39.8 6.53 0
Illiteracy rate Unmatched | 13.808 18.824 -80.7 | -12.45 0
(parochial level) Matched 13.893 12.478 22.8 71.8 4.44 0
Ratio student per Unmatched | 12.835 16.648 -82.5 |-12.67 0
teacher (paroch. lev-
el) Matched 12.924 12.823 2.2 97.3 0.45 0.65
Ratio student per Unmatched | 88.529 83.636 12.4 1.89 0.059
school building
(parochial level Matched 88.308 103.61 -38.7 |-212.8 | -7.13 0
Ratio student per Unmatched |22.135 22.389 -6 -0.92 | 0.359
classroom (paroch.
level) Matched 22.179 23.438 -29.9 |[-394.9 | -4.5 0
Repetition rate Unmatched | 0.01816 0.02551 -21.2 | -3.19 | 0.001
(school level) Matched 0.01801 0.02375 -16.5 | 21.9 -2.51 | 0.012
Ratio student per Unmatched | 29.722 25.826 38.1 5.7 0
teacher (school level) | Matched 29.909 29.216 6.8 82.2 0.96 0.337
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Bilingual system
Mean %
Variable Sample %bias | redu t p>t
Treated Control bias
Score in Selben index | Unmatched 27.531 32.937| -54.5| -5.53 0
Matched 28.316 26.703 16.3| 70.2 1.18| 0.238
Schooling of the Unmatched 2.3252 4.4029 | -53.6| -5.44 0
household's head Matched 2.5521 1.9792 14.8| 72.4| 1.19| 0.234
Household's head is Unmatched 0.96117 | 0.96117 0 0 1
indigenous Matched 0.97917 | 0.98958 5.4 -0.58 | 0.563
Household's head is Unmatched 0.13592 0.15534 -5.5| -0.56| 0.577
female Matched 0.14583 | 0.08333 17.7 | -221.9 1.36 | 0.176
Unmatched 1.1893 | 0.98058| 20.9| 2.12| 0.034
Hh members aged <6 | Matched 0.96875 0.92708 4.2 80 0.31| 0.756
Hh members aged 6- Unmatched 3.1019 3.2282 -9.9 -1] 0.317
17 Matched 3.1771 3.1563 1.6| 83.5| 0.11| 0.913
Hh members aged 18- | Unmatched 1.9126 1.733 16.7 1.7 0.09
44 Matched 1.9167 1.8542 5.8 65.2| 0.42| 0.673
Hh members aged 45- | Unmatched 0.52427 | 0.54854 -3 -0.31| 0.758
64 Matched 0.55208 | 0.53125 2.6 14.2| 0.18| 0.856
Unmatched 0.19417 | 0.08738 | 20.4| 2.07| 0.039
Hh members aged >64 | Matched 0.125 0.16667 -7.9 61| -0.73| 0.467
92.494 91.635 9.8 1| 0.318
Poverty incidence 93.687 95.15| -16.8| -70.3| -1.89 0.06
Illiteracy rate Unmatched 40.932 44.402 | -20.6 -2.1| 0.037
(parochial level)
Matched 46.574 48.706 | -12.7| 38.6| -1.09| 0.277
Ratio student per Unmatched 16.951 21.318| -65.9| -6.69 0
teacher (paroch. lev-
el) Matched 21.281 22.282 | -15.1 77.1| -1.18| 0.241
Ratio student per Unmatched 97.535 72.542 62.1 6.31 0
school building
(parochial level) Matched 77.844 70.14 19.2 69.2 1.6 0.11
Ratio student per Unmatched 26.051 25.607 8.5 0.86| 0.39
classroom (paroch.
level) Matched 25.887 26.423| -10.3 -21 -1.1| 0.271
Repetition rate Unmatched 0.00259 | 0.00078 | 24.2| 2.45| 0.015
(school level) Matched 0.00238 | 0.00083 20.6 14.6 1.46 | 0.146
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Ratio student per Unmatched 24.656 24.384 3.1 0.31| 0.754
teacher (school level) | Matched 26.734 25.275 16.6 | -435.9 1.06 | 0.288
Appendix C
Bias adjusted matching
Hispanic
Second grade Fourth grade
One to Five Ten One to Five Ten
one nearest nearest one nearest nearest

Math
ATT 4.6681* 4.7952* 4.6319* 2.4243* 2.1511* 1.9468*

(0.4932) | (0.4087) (0.3884) (0.5228) (0.4200) (0.3784)
Language
ATT 1.8583* 1.8525* 1.8569* 0.7161 0.7625 1.0059*

(0.4359) | (0.3535) (0.3340) (0.5206) (0.3638) (0.3243)
Cases 927 927 927 870 870 870

Indigenous
Second grade Fourth grade
One to Five Ten One to Five Ten
one nearest nearest one nearest nearest

Math
ATT 7.5548* 3.8543* 3.3708* -1.0009** | 0.2538 -0.2688

(0.5332) | (0.4505) (0.4040) (0.4441) (0.4136) (0.4149)
Language
ATT -0.2564 -5.4606* -5.7938* 3.3094* 4.370* 4.1953*

(0.5179) | (0.4267) (0.4108) (0.4501) (0.4414) (0.4391)
Cases 412 412 412 348 348 348

Note: *Significant at 1%, ** Significant at 5%, and *** significant at 10%. Standard errors are in

parenthesis.



