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Abstract

This study assesses the causal effect of school retention strategies on the probability of
school dropout in Medellin, Colombia. The probit model is estimated using microdata
on enrollment published by the Ministry of National Education and data on benefi-
ciaries of school retention programs, year 2019. Three impact evaluation methods are
employed to obtain the counterfactual group of each school retention program: Self-
Selected Comparisons, Propensity Score Matching, and Endogenous Treatment-Effects.
Results from the latter method show that the probability of school dropout is lower
for students enrolled in the School Meals Program, School Transportation Program,
or Complementary School Day Program, compared to the counterfactual groups, by
-1.0 pp, -3.17 pp, and -2.97 pp, respectively. However, the study finds heterogeneous
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2 Transforming Lives: The Positive Impact of School Retention Strategies...

effects around school retention programs, which are explained by students’ social class,
nationality, and sex.

Keywords: school dropout; school meals program; school transportation program;
Complementary school day program; probit model; impact evaluation.
JEL Classification: 125, H22

Transformando vidas: el impacto positivo de las
estrategias de retencién escolar en la probabilidad
de desercion escolar de los estudiantes en Medellin

Resumen

Este estudio evaliia el efecto de las estrategias de retencién escolar sobre la probabilidad
de desercion estudiantil en Medellin, Colombia. El modelo probit se estima utilizando
microdatos de matricula consolidados por el Ministerio de Educacién Nacional y datos
de beneficiarios de programas de retencién escolar, afio 2019. Los resultados muestran
que los estudiantes con acceso al Programa de Alimentaciéon Escolar, Programa de
Transporte Escolar, o Programa de Jornada Escolar Complementaria reducen la probabi-
lidad de desercién escolar en -1.0 pp, -3.17 pp, y -2.97 pp, respectivamente. Sin embargo,
el estudio encuentra efectos heterogéneos significativos en torno a los programas de
retencién escolar que se explican por la clase social, la nacionalidad y el sexo de los
estudiantes.

Palabras clave: desercién escolar; programa de alimentacién escolar; programa de trans-
porte escolar; programa de jornada escolar complementaria; modelo Probit; evaluacién
de impacto.

Clasificacion JEL: 125, H22

Transformando vidas: o impacto positivo das estratégias
de permanéncia escolar sobre a probabilidade de
evasao escolar dos estudantes em Medellin, Colombia

Resumo

Neste estudo, avalia-se o efeito das estratégias de permanéncia escolar sobre a proba-
bilidade de evasdo escolar dos estudantes em Medellin, Colémbia. O modelo probit é
estimado usando microdados sobre matriculas consolidadas pelo Ministério da Educagao
Nacional e dados sobre beneficidrios de programas de permanéncia escolar, de 2019. Os
resultados mostram que os estudantes com acesso ao Programa de Alimentagao Escolar,
ao Programa de Transporte Escolar ou ao Programa de Jornada Escolar Complementar
reduzem a probabilidade de abandono escolar em -1,0 p.p., -3,17 p.p. e -2,97 p.p., res-
pectivamente. No entanto, no estudo, encontram-se efeitos heterogéneos significativos
em torno dos programas de permanéncia escolar que sdo explicados pela classe social,
nacionalidade e género dos estudantes.

Palavras-chave: evasdo escolar; programa de alimentagdo escolar; programa de transporte
escolar; programa de jornada escolar complementar; modelo probit; avaliacdo de impacto.
Classificacdo JEL: 125, H22
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1. Introduction

Education is one of the most contributing social factors to the countries’
social and economic growth and development (Murillo & Gallén, 2018). As
a human capital factor, education improves the quality of life of citizens
by providing them with access to better jobs, wages, and cultural condi-
tions (Cardona et al., 2007). Further, education drives business innovation
(Camacho-Murillo et al., 2020) and contributes to overcoming poverty and
reducing inequalities (Manzano & Ramirez, 2012). Amid the frenetic race
to tackle climate change, education has the power to influence on people’s
pro-environmental behaviors (Pérez-Arango & Camacho-Murillo, 2022).
Any public and private effort resulting in an increasing access to education
and low school dropout rates is crucial for society.

School dropout is considered the abandonment of the academic sys-
tem by students (Manzano & Ramirez, 2012). Thiscan be considered as an
obstacle when it comes to accessing opportunities for the development of
skills to obtain better working, cultural, and quality of life conditions. There
are consequences associated with school dropout include intergenerational
continuity of poverty and social inequalities, which negatively affects social
integration and democracy strengthening (Espindola & Ledn, 2002). School
dropout has a major negative effect on the students” economic, social, educa-
tional, and psychological environment, as the possibilities for their personal
and economic growth decrease (Silvera, 2020). Therefore, the reduction of
school dropout rates accounts for the success of public education policies
adopted by different countries (Garcia, 2016).

According to the Secretary of Education of Medellin (sEm), major prog-
ress has been made in Medellin about educational coverage over the last few
years; however, challenges persist for students who start a school year and
fail to finish it (sem, 2020). Medellin is the second largest city in Colombia,
accounting for 5% of the national population in 2023 (DANE, 2023). Before
the covip-19 pandemic, the decline in the city’s dropout rate was significant,
reaching 2.74 % in 2019 (sem, 2020); however, the pandemic increased the
dropout rate to 3.47 % (sEM, 2020). The pandemic accelerated the digital gap
among students in local institutions (Cespedes-Parra & Camacho-Murillo,
2022), which may have led to higher dropout rates in Medellin, as was the
case at the national level (Morales, 2021).

School dropout can be explained by different socioeconomic and cul-
tural theories, both internal and external to the school system (Manzano
& Ramirez, 2012), as well as by student engagement (Archambault et al.,
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4 Transforming Lives: The Positive Impact of School Retention Strategies...

2022). Variables are classified as protective risk factors, including the edu-
cation level of the household head, household income, and sex (Rodriguez,
2021); harmful risk factors, such as pregnancy, family type (single-parent or
two-parent), employment status, overage, and family history of psychoac-
tive substance use (Rodriguez, 2021), and engagement-associated factors,
including students’ behavior, emotions, and cognition (Fredricks et al., 2004).
Public policies oriented to school retention are external factors that have
not been fully explored in the Latin American literature, except for Jiménez
and Jiménez (2016) in Argentina, Carrillo (2014) in Mexico, and De Janvry
etal. (2011) in Brazil. The policymakers face the challenge of improving the
living conditions of students to ensure that more children and young people
graduate from basic education (Jiménez & Jiménez, 2016).

Medellin has adopted three relevant public strategies to reduce school
dropouts in public establishments, although the results have not been quan-
titatively assessed yet. The eligibility criteria of beneficiaries are based on
the System of Identification for Social Assistance Beneficiaries (SISBEN, for its
Spanish acronym), students’ school levels (grades), and social vulnerability
conditions (disability, place of living (rural), ethnicity, victimization). The
School Meals Program (PAE, as per its Spanish acronym) provides students
with complementary balanced food such as milk, complementary meal
(snacks and other supplements), or lunch, as per the national mandate
(UAPpA, 2021). The pAE among public schools depends on the school hours
per day, restaurant conditions, and sociodemographic characteristics of
students (Decreto 1852, 2015). The School Transportation Program offers
round-trip mobility alternatives for students living in the city or within
its jurisdiction (sem, 2020). Finally, the Complementary School Day offers
4 hours of extracurricular activities per week for students in the areas of
environment, science and technology, bilingualism, sports and recreation,
culture, and citizenship education (Alcaldia de Medellin, 2014).

There is consensus in the literature on the positive effects of school reten-
tion strategies on the reduction in school dropout (Carrillo, 2014; Jiménez
& Jiménez, 2016); however, the literature has not yet identified whether the
decrease in school dropout is heterogeneous or not between subgroups
around students’ sociodemographic characteristics, including the students’
socioeconomic level (Abril et al., 2023; Barragan & Lozano, 2022; Nita et al.,
2021), gender (Gomez-Restrepo et al., 2016; Rodriguez, 2021), and nationality.
The latter group of students covers migrants who face diverse financial and
emotional challenges when settling in a country; challenges that affect their
school permanence (Tovar, 2024).
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This study aims to assess the causal effect of school retention strategies
on the students’ probability of dropout in Medellin, analyzing two hypoth-
eses. First, whether the probability of dropout is lower in students who have
access to PAE, School Transportation, and/or Complementary School Day,
respectively, compared to those who do not have access to these programs.
Second, whether the expected lower probability of school dropout by stu-
dents with access to these retention programs differs between students
around relevant sociodemographic variables, such as Strata (economic
conditions), nationality, and sex.

School dropout is not a sporadic event; it requires prevention and treat-
ment alternatives. According to Espinoza et al. (2014), there is a clear relation-
ship between school dropout, poverty, and social exclusion. Consequently,
finding whether school retention programs reduce the probability of drop-
ping out of school in Medellin is a crucial step to understand the effective-
ness of public intervention on social wellbeing, as well as to guide the public
policymakers in their decisions on education. This study uses consolidated
enrollment data from Colombia’s Ministry of National Education (MEN),
year 2019, and information on beneficiaries of the retention strategies from
Medellin’s Secretary of Education (sEm). The probit model is used to estimate
the probability of student dropouts. Three impact evaluation methods are
employed to estimate and comparatively analyze the average treatment
effects of each retention program on students” dropout probability: the Self-
Selected Comparisons method, the Propensity Score Matching method, and the
Endogenous-Treatment Effects method (Gertler et al., 2016; StataCorp., 2023).
A literature review on the effects of public policies on school dropout is
presented in Section 2. Section 3 evaluates data and estimates the probit
model under the three impact evaluation methods. Section 4 discusses the
results of the study. Section 5 provides conclusions and implications.

2. Literature Review

Various internal and external factors under study in the literature affect
school dropout. Rodriguez (2021) found the risk factors with the greatest
influence on student dropout and classify them into protective and harm-
ful factors. These protective risk factors include the characteristics that
make student dropout less probable, such as the higher education level of
household head, greater household income, doing extracurricular activities,
and sex. Some harmful risk factors are those that increase the probability of
dropout, including pregnancy, living in a single-parent home, employment
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6 Transforming Lives: The Positive Impact of School Retention Strategies...

status, belonging to a family with a history of psychoactive substance use,
and being overage (Rodriguez, 2021; Roman, 2013); the latter is when a stu-
dent is two or three years older than the average age expected in a grade
(MEN, 2023).

One of the relevant topics, although not studied extensively, is the
effect of school retention-related public policies on student dropout rates.
These policies tend to improve the school retention rates as the direct and
indirect costs of going to school, including food and transportation, are
reduced (Rute & Verner, 2011). Lower costs via direct money transfers have
a positive impact on the students’ attendance, who no longer must work
to contribute to their household and support their families financially or
caring for their siblings while their parents are working (Nita et al., 2021;
Jiménez & Jiménez, 2016). The programs that help to reduce costs through
the direct provision of food, school transportation (Carvalho et al., 2010),
and extended day activities (Tenti, 2010) are also essential to boost school
retention. The following is an analysis of empirical studies on the effects of
school retention strategies in Latin American countries, including Colombia,
which names the gaps that this research aims to fill.

Carrillo (2014) evaluated the impacts of the “Prepa Si” program, imple-
mented in the city of Mexico, on student dropout. This program includes
money transfer sent to students attending classes in the upper middle and
high school levels during the school year. Using a binomial probit model,
Carrillo (2014) found that the program reduces the probability of school
dropout and improves the academic performance of Mexican students.
Pedroza et al. (2021) assessed the impact of the Full-Time School Programs
(Programa Escuelas de Tiempo Completo, in Spanish) in a Mexican institu-
tion and found that the program successfully lengthens the time students
stay in school, thereby reducing the academic lag among students, and the
students’ probability of dropout in those who belong to a lower socioeco-
nomic stratum.

Jiménez and Jiménez (2016) evaluated the effects of the Universal Child
Allowance program on adolescent school dropout in Argentina. Using pro-
pensity score matching with data from the National Household Expenditure
Survey, the authors concluded that the program significantly reduces school
dropout levels. In Ecuador, Rosales (2020) used a difference-in-difference
model to assess the impact of PAE on the permanence of second- to sev-
enth year students, and found that the student promotion rate to the next
grade increases by 10 % in students with access to the program. In contrast,
Espinola and Claro (2010) found that the results of the programs created to
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combat school dropout in Chile, called School Retention Support Scholarship
(Beca de Apoyo a la Retencién Escolar BARE its acronym in Spanish) and Pro-
Retention Subsidy (Subvencién Pro Retencién, spRr its acronym in Spanish),
are insufficient and ineffective as the desired results were not achieved.
The negative results found in Chile are due to methodological mistakes in
the inclusion/exclusion of students from the program; the lack of financial
resources to cover the opportunity cost of dropping out; and the omission
of efficient monitorization of allocated resources to educational institutions
(Espinola and Claro, 2010).

Colombia has developed school retention programs, including the PAE,
School Transportation, and Complementary School Day. Caicedo et al.
(2021) evaluated the effect of the PAE on student dropout in Ciudad Bolivar
(Bogota), using data from the MEN and through student characterization.
The study showed that the PAE significantly contributes to primary school
students’ retention rates, and its success lies in the fact that students can
access food that cannot be supplied to their homes daily (Caicedo et al.,
2021). In Cali, Vergara, and Rodriguez (2015) found that the PAE contributes
to the decrease in students” dropout and reprobation rates in the city, as
well as to the increase in academic performance.

The Complementary School Day is another strategy adopted in Colombia
that allows students to stay in school for added hours to the regular school
day. This does not imply that students can attend more regular classes
during this time, but they participate in formative, recreational, and sports
activities that keep them away from the social risks of abandoning school.
By using family fixed-effects models in panel data from 20072008, statistics
from sisBEN and MEN, Garcia et al. (2013) reported that all-day schooling
reduces the probability of school dropout between 1 and 2 percentage points,
whereas repetition decreases this possibility from 2 to 5 percentage points.

School transportation is crucial for the students” access to and reten-
tion in the educational system, mainly in rural or geographically remote
areas. When the State provides school transportation through contracted
service routes, it contributes to the regularity and punctuality of students’
attendance to class, which tends to reduce school dropout rates (Leal and
Oliveira, 2022). However, no empirical research evaluating the effect of
transportation on reduced student dropout rates are found in the literature.
This lack of studies may be partly due to the allocation of student quotas
prioritizing the proximity of their residence to the educational entity, which
leads to a low demand for transportation services.
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8 Transforming Lives: The Positive Impact of School Retention Strategies...

In summary, the literature shows that the retention strategies associated
with direct and indirect money transfers have contributed to the decrease
in student dropout in various Latin American cities and countries. Most
studies in Latin America have applied (unconsciously) the Self-Selected
Comparisons method to get the counterfactual group of treatment. This
practice usually leads to a selection bias, as the factors that explain the
individuals’ participation in a program (enrollment) are correlated with
outcomes (Gertler et al,, 2016). This study wants to contribute to the literature
by applying an impact evaluation method that controls endogeneity. In the
literature, no evidence exists on the impact of transportation programs on
school dropout rates. There is major interest in studying naming whether
the impact of school retention strategies is homogeneous for all beneficia-
ries or if differences exist between students that may be explained by the
students’ sociodemographic characteristics.

3. Data and Method

3.1 Data

This study conducts a retrospective impact evaluation of School Meal
Program (PAE), School Transportation Program (Transp), and Complementary
School Day Program (JEC) on the probability of dropping out in the city
of Medellin in 2019; this is a city that accounts for 5% of Colombia’s total
population. The study uses the enrollment registry consolidated and con-
firmed by the MEN in the Integrated Enrollment System (stMAT). The dataset
considers the entire enrolled population of the city, which reached 299,071
students in 2019; therefore, the use of population expansion factors for
estimations in this paper are not necessary. The data allow us to find those
students from public elementary and high schools who drop out anytime
during the school year (intra-year dropout), as well as their socioeconomic
and demographic characteristics. There is another database sourced from the
sEM is employed to find the beneficiaries of retention programs analyzed in
this paper. Overall statistics show that 3.8 % of public elementary and high
school students dropped out in 2019; around 67 % of students received ben-
efits from the PAE program; 3.6 % were enrolled in the School Transportation
program; and 3.05 % took part in the Complementary School Day program.

All public schools can receive support for the programs from sem at
the beginning of each year, although eligibility criteria apply for PAE and
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School Transportation. For PAE, the sem initially chooses students already
registered by each public school in siMAT; then, the principal of each public
school and a special committee choose the beneficiaries giving a combined
priority to i) full-time students, ii) early childhood students, iii) ethnic popu-
lation, armed conflict victims, and disabled people (progressively from early
childhood to superior levels), and iv) people enrolled in sisBeN (Rendén,
2024). The School Transportation strategy applies to students who live in
neighborhoods where public local transport does not cover mobility needs,
reside farther than 12.5 blocks from their schools (mainly in rural areas), are
enrolled in siMAT, and live in vulnerable households identified through the
SISBEN score (SEM, 2024). For the Complementary School Day program, all
students can be enrolled participate (there is no eligibility criteria).

In 2019, the 0-to-100 s1sBEN range helped authorities in the education
sector of Medellin find the most and the least vulnerable individuals in
terms of people’s characteristics, including their dwelling and household
conditions (the closer to zero, the greater the level of vulnerability). Figure
1 shows that most students concentrate on a 37-point SISBEN score with a
standard deviation of fifteen points (Figure 1a), and between school levels
34 and 8" (Figure 1b).
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Figure 1. Distributions of students by sisBeN and school levels

Source: the authors based on data from the sgm.

Table 1 shows, initially, that 98.4 % of the students with access to
PAE and 97.9 % who used the Transportation Program did not drop out
within the school year. Furthermore, 99.1 % of those who took part in the
Complementary School Day program remained at school. This contingency
analysis shows the likely positive impact of the three retention programs
in reducing student dropout.

Table 1. School dropout by student retention program (%)

DROPOUT PAE (%) Transp (%) JEC (%)
(%) No Yes No Yes No Yes
No 91.6 98.4 96.1 979 96.1 99.1
Yes 8.4 1.6 3.9 21 3.9 0.9
Total 100 100 100 100 100 100

Source: the authors based on data from the MEN and SEM.

Figure 2 shows statistical distributions of the PAE, Transp, and JEC
programs highlighting important characteristics. The choice of PAE ben-
eficiaries and non-beneficiaries closely follows the distributions of siSBEN
and school levels (Figures 2a and 2b). Similarly, Figures 2c to 2f show the
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statistical distributions of Transp and JEC beneficiaries and non-beneficiaries
over SISBEN scores and school levels, respectively, and show that the distri-
butional pattern of Transp is much closer to PAE than the pattern of JEC to
PAE. The presence of perfect or quasi-perfect correlation between the three
retention programs is rejected through the tetrachoric correlations test,
which is designed for binary explanatory variables that may have common
correlation patterns (Brown, 1977; StataCorp, 2021).
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Figure 2. Distributions of PAE, Transp, JEC over sISBEN and school levels

Source: the authors based on data from the sEm.

3.2 Method

The probability of students” dropout (P,) is modeled using the probit model
of Equation (1) under a standard normal cumulative distribution function
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®() and a linear combination of independent variables x; through and index
function z (Wooldridge, 2020). Heteroscedastic errors are found and cor-
rected using standard errors adjusted for clusters (Wooldridge, 2020). The
model has the following specification:

P(y =1|x) = P, = ®{p'X} 1)

The index function z has the common specification z = ' x + u, where
the regressors are assumed to be exogenous (including the school reten-
tion programs), and the stochastic error term is u ~ iid N(0,0,). Based on
the eligibility criteria for the programs and data availability, three impact
evaluation methods are used to estimate the counterfactuals for each of the
three school retention programs following Gertler et al. (2016) and StataCorp.
(2023). These are the Self-Selected Comparisons method, the Propensity Score
Matching method, and the Endogenous Treatment-Effects method.

Self-Selected Comparisons Method

The self-selected comparisons method compares the dropout probabilities
of students who participate in any of the programs (the treatment groups)
with those who do not participate (the counterfactual groups), assuming
both groups hold similar characteristics and expectations of returns from
the programs (Gertler et al., 2016). Equation (1) is, therefore, estimated with
a linear combination of independent variables x; as shown in Equation (2):

z = By + B1PAE + B,Transp + B3JEC + Controles + u @)

where PAE, Transp, and JEC are the key dichotomous variables in this study
that capture treatment. The retention programs are assumed not to be cor-
related with the outcome (the probability of dropout). The variable PAE is
equal to 1 if the student is a beneficiary of PAE, and 0 otherwise; Transp
is equal to 1 if the student has access to the School Transportation Program,
and 0 otherwise; and JEC is equal to 1 if the student is a beneficiary of the
Complementary School Day Program, and 0 otherwise.

There are several controls are included in Equation (2). Stratum012 takes
the value of 1 if the student belongs to socioeconomic strata 0, 1, or 2, and
0 if they belong to the other strata (3, 4, 5, or 6). This is a proxy variable for
the socioeconomic level of students and their families. Overage is a variable
that takes the value of 1 if the student is overaged (they are at least 3 years
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older than the average age needed in the grade), and zero otherwise. Repeat is
equal to 1 if the student is a repeater and zero otherwise. Victim is equal to 1
if the student is a victim of an armed conflict (in a situation of displacement,
disassociated from armed groups, son/daughter of demobilized adults, and
victim of anti-personnel mines, among others), and zero otherwise. Ethnic is
a variable that takes the value of 1 if the student belongs to an ethnic group
(Indigenous, Black, or Afro-Descendants), and 0 otherwise. The variable
Disable takes on the value of 1 if the student has a type of disability (visual,
intellectual, multiple, hearing, physical, psychosocial, or mental), and zero
otherwise. Rural takes the value of 1 if the student lives in a rural area and
zero if the student comes from an urban area. HouHead takes the value of
1 if the student is the head of household and zero otherwise. Colombia is
equal to 1 if the student is Colombian and zero from other countries. Finally,
Woman is a dichotomous variable that takes the value of 1 if the student is
female and zero if the student is male.

Descriptive statistics of control variables show that 79 % of students
belong to strata 0, 1, and 2; 4.9 % are overage; 5% are repeaters; 5.9 % are
victims of the armed conflicts; 1.9 % of students belong to an ethnic group;
3.5 % suffer from some type of disability; 5.9 % reside in rural areas; 4.3 % are
children of mothers who are heads of households; 87 % of the students
are Colombians (the remaining are mainly from Venezuela); and 50.3 % of
the students are female. The variance inflation factor test yields a value
of 1.02, showing that a perfect or quasi-perfect multicollinearity between
the control variables is not present (Wooldridge, 2020). A low association
between independent variables is confirmed through tetrachoric correla-
tions.

A reduction in the probability of school dropout is expected to be greater
for the treatment groups (beneficiaries of any of the programs c;: PAE, Transp,
or JEC) compared to the effect for the control groups, ceteris paribus. The aver-
age treatment effects (ATE) of school retention programs are estimated as:

ATE, = f(B™) - B = Py = 1]x; = 1] = [y = 1]x; = 0] 3)

Propensity Score Matching Method

The Propensity Score Matching (psM) method belongs to quasi-experimental
methods that mimic the randomized assignment method (Gertler et al,,
2016). psM helps to construct an artificial counterfactual group that has
remarkably similar characteristics to the treatment group through statical
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techniques (Rosenbaum and Rubin, 1983). In this study, the method esti-
mates the predicted probability (the propensity score P,) that a student
will be enrolled in a program c based on the eligibility characteristics that
determine enrollment ()): sisBEN, school levels (Levels), and vulnerability
conditions (Victim, Ethnic, and /or Disable). The heteroskedastic probit model
by Harvey (1976) is employed to estimate the P, of each retention strategy
to capture for heteroskedastic parameters. The model specification is:

(o =1l =r. = {2} @
J

The denominator in Equation (4) shows a variance that can vary over
some regressors w; this is, sz = exp (w;y). The linear combination of inde-
pendent variables x; (the index function 6 for the propensity score) includes
the best combination of eligibility characteristics (linear and quadratic) as
presented in Appendix A. The estimated propensity scores P, for all stu-
dents in the treatment groups are matched with the group of non-enrolled
students that have the closest propensity score. Consequently, Equation (1)
is estimated with the estimated propensity score of each retention program
(P,.) using the index function z of Equation (5).

C
Z=BO+ZBCPL'C+V @)

The ATE at the population after matching is obtained from the estimation
of Equation (6), which shows the mean difference between the probability of
dropout by students who access the program(s) and the probability of drop-
out by students who do not access the program(s), the counterfactual group.

ATE;p,, = (B =Pic) - p = Ply = 1|B, = 1] — P[y = 1|P;. = 0] ©6)

The box plots in Figure 3 show that the ATE from the psm method applied
to PAE, Transp, and JEC were able to balance all the covariates between treat-
ment and control groups.
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JEC

Figure 3. Balance Plots of psMm for Retention Programs

Source: the authors based on data from the MEN and SEM.

Endogenous Treatment-Effects Method

This method controls for endogeneity that can arise from unobservable
covariables that affect treatment assignments and the outcomes (StataCorp.,
2023). The method in this study allows for correlation between students’
unobservable characteristics that explain the probability of participating in
each program, and the students’ probability of dropout. The probit model
is employed to estimate the probability of taking part in each retention
program (Pf), as shown in Equation (7), using cluster error correction:

P(¢ = 1|x) = (PE) = ®{x;0} (7)

The linear combination of independent variables x; includes the combi-
nation of eligibility characteristics as done for the estimation of propensity
scores in Appendix A. Thus, Equation (1) is estimated including PE of each
retention program and the covariates (the controls) that are directly associ-
ated with the probability of dropout as shown in Equation (8).
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c
z= o+ Z B.PE + controls + ¢; ®)
c=1

The Endogenous Treatment-Effects method follows Equation (9), where P,
is the observed probability of dropout, P,; and P, are the potential dropout
probabilities when students receive and do not receive the retention pro-
grams, respectively, and PE is the observed probability of getting the reten-
tion program (the binary treatment). We let the stochastic error terms of P,
and P, functions (g, and €,) to be correlated with the error of PE function
(v). This is, E(e;;|PE) # 0 for j € {0,1} (Wooldridge, 2010).

P, =P Py+(1=PZ) Py ©)

The Average Treatment Effect is obtained as follows:

ATE e = f (8="E) - p = P[y = 1|PE = 1] - Pi[y = 1|PE = 0] (10)

Heterogeneous Effects

There is a potential risk of estimating the impact of school retention pro-
grams when homogeneous impacts are assumed for all the recipients
(Gertler et al., 2016). Our database holds student-characterizing regressors
that are not associated with the eligibility criteria of beneficiaries. These
characterizing variables (Z,) are Stratum012, Colombia, and Woman. We
assess the potential heterogeneous effects of school retention programs
on the probability of student dropout around each characterizing factor
for the Self-Selected Comparisons method in Equation (11), for the psm
method in Equation (12), and for the Endogenous Treatment Effects method

in Equation (13).
ATE, |, = Ply = 1|x; = 1] = Pi[y = 1|x; = 0] for z = {0,1} (11)
ATEp, s, = Pily = 1|Pc = 1] = P[y = 1|P = 0] for z, = {0,1} (12)
ATE e, = Pily = 1|P; = 1] = Py = 1|P{ = 0] for z, = {0,1} (13)
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4. Results

This section shows the ATE results for the Self-Selected Comparisons method,
the Propensity Score Matching method, and the Endogenous Treatment-Effects
method in two analytical parts. Part 1 in Table 2 displays the ATE of retention
strategies on school dropout probabilities following Equations (3), (6), and
(10). The ATE coefficients are used to evaluate the first research hypothesis;
this is, whether students enrolled in school retention programs (PAE, Transp,
or JEC) have a greater reduction in the probability of dropout compared to
students in the counterfactual group. Appendix A displays the estimated
propensity scores of each retention program from Equation (4). Part 2 in
Table 2 shows the ATE of retention strategies by subgroups of students
based on Equations (11), (12), and (13), with which the second hypothesis is
examined; this is, whether the expected lower dropout probabilities of stu-
dents enrolled in school retention programs, compared to the non-enrolled
students” dropout probabilities, differ among students based on their
socioeconomic level (Stratum012), nationality (Colombia), and sex (Woman).

4.1 Causal Effects

Results from the three methods show that students enrolled in the school
retention strategies under study, PAE, Transp, JEC, have a lower probability
of dropping out compared to students who are not beneficiaries of these
programs (Table 2, Part 1). The magnitude of the ATE in the Self-Selected
Comparison method and the PSM method are not significantly different
from each other, suggesting high adequacy of the selection criteria, and the
patterns of statistical randomness when choosing beneficiaries based on
these criteria. However, the presence of endogeneity, confirmed through the
control-function approach (StataCorp., 2023), supports the ATE results from
the Endogenous Treatment Effects method. There are unobservable character-
istics of school dropout probabilities that are correlated with the retention
programs- the treatment assignments. Factors that change school dropout
probabilities, including mental health issues, can be correlated with school
meal programs, school transportation, and complementary activities. PAE
ensures nutritious food that is essential for students” well-being; transpor-
tation increases the motivation to attend classes without mobility stress
and anxiety; and recreational activities increase students’ retention as they
liberate stress while improving their mental and body health conditions.

Revista de Economia del Rosario. Vol. 26. No. 2. Julio.Diciembre 2023. 1-34



Natalia Arango-Ramirez, Andres Camacho-Murillo 21

Results from the latter method in Table 2, Eq. (10) show that, controlling
for endogeneity, students” dropout probabilities fall, on average, by -1.0 pp
if students are beneficiaries of the PAE (from 2.34 % to 1.34 % at the mean
levels) by -3.17 pp if students are enrolled in the School Transportation
program -Transp (from 3.30 % to 0.13 %), and by -2.97 pp if students receive
Complementary School Day -JEC (from 3.88 % to 0.91 %). The results are
statistically significant at the 1% critical value.

Table 2. Average Treatment Effects of School Retention Strategies

Dependent variable: Dropout Probability

Self-Selected Propensity Score Endogenous
Comparisons Matching Treatment Effects
Eq.()  Eq (11 Eq.6) Eq.(12 Eq.(10) Eq.(13)
Part 1 (Causal Effects)
PAE -.0650%** -.0621*** -.0100***
(.0037) (.0010) (.0030)
Trans -.0137*** -.0111%* -.0317***
P (.0005) (.0023) (.0024)
C -.0267*** -.0268*** -.0297***
J (.0016) (.0031) (.0026)

Part 2 (Heterogeneous Effects)

PAE - Stratum012 -.0226%** -.040%** -.0087***
Stratum012 =0 -.0472%%% -.0307*** -.0042%**
Stratum(012 = 1 -.0698*** -.0706*** -.0129***
PAE - Colombia .0338*** .0130%** .0488**

Colombia =0 -.0949*** -.0748*** -.0586**
Colombia =1 -.0611%** -.0617#** -.0098***
PAE - Woman 0094+ .0174%** .0025%**
Woman =0 -.0697*** -.0704%** -.0116%**
Woman =1 -.0603*** -.0529*** -.0091%**
Transp - Stratum012 -.0048*** -.0087*** -0171%**
Stratum012 = 0 -.0100*** -.0050%** -.0166***
Stratum012 = 1 -.0148*** -.0137*** -.0337***
Transp - Colombia .0074%** -.0010*** .0133***
Colombia =0 -.0202%** -.0113** -.0419***
Colombia =1 -.0128*** -.0123*** -.0315%**
Transp - Woman .0020%** -.0056*** .0077%**
Woman =0 -.0147*** -.0091*** -.0353***
Woman =1 -.0127%** -.0148%** -.0276***
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Dependent variable: Dropout Probability

Self-Selected Propensity Score Endogenous
Comparisons Matching Treatment Effects
Eq. (3) Eq. (11) Eq. (6) Eq.(12)  Eq.(10)  Eq.(13)
JEC - Stratum012 =001 -.0081*** -.0113%**
Stratum(012 = 0 -.0191%* -.0200%** -.0208***
Stratum012 = 1 -.0291* -.0281%* -.0321*
jEC - Colombia L0154 -.0118*** .0168***
Colombia =0 -.0402%* -.0147%%* -.0444%%
Colombia =1 -.0247%** -.0265%** -.0276***
JEC - Woman .0041%* .0061%** .0061***
Woman =0 -.0288*** -.0309*** -.0328***
Woman =1 -.0246%** -.0248*** -.0267***

Source: the authors based on data from the MEN and sEm

These results show that the three retention strategies under study help to
reduce the probability of student dropout in official schools from Medellin,
being Transp the most effective in reducing school dropout, after controlling
for endogeneity, followed by JEC. The results are in line with the findings
by Leal and Oliveira (2022) and Carvalho et al. (2010), who consider that
school transportation contributes to decreasing dropouts and increasing
attendance. The findings also support results by Pedroza et al. (2021), Garcia
et al. (2013), and Tenti (2010), who show that extending school hours favors
school retention and prevents students from lagging or repeating grades.
These results mirror the findings by Caicedo et al. (2021) for Ciudad Bolivar
(Bogota) and Rosales (2020) for Ecuador, that estipulate that school meal
programs promote class attendance and retention.

Results from the estimation of Equation (4) on the propensity scores of
retention programs (presented in Appendix A) are of interest in this paper,
as these propensity scores are estimated based on eligibility criteria. The
estimated coefficients show that students are more likely to receive each pro-
gram if SISBEN scores increase; there is a 1 % statistically significant quadratic
shape of the propensity score of PAE and Transp as expected from Figure
2. Conversely, students are less likely to enroll in the programs as school
levels increase, although there is also a quadratic shape that is statistically
significant at the 1% level. Students who are war victims are more likely to
receive PAE. Disabled students are more likely to receive the benefits of PAE
and/or Transp, and less likely to receive JEC. Ethnic students are more likely
to receive PAE and/or Transp, and students from rural areas are more likely to
receive any of the retention programs.
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4.2 Heterogeneous Effects of School Retention Programs

The Average Treatment Effects of school retention programs on students’
dropout probabilities can differ around students’ socioeconomic level,
nationality, and sex. Initial estimations from Equation (2) (not reported in
Table 2) show that students with low socioeconomic levels are more likely to
drop out as compared to students with more favorable socioeconomic condi-
tions; Colombian students are less likely to drop out compared to students
with other nationalities; and women are less likely to abandon the school
compared to men. The results from Equations (11), (12), and (13) identified
in Table 2, Part 2, show that the ATE of school retention strategies on school
dropout probabilities differ among subgroups of students. The results are
statistically significant at the 1% level. Figure 4 summarizes the results
obtained from the Endogenous Treatment Effects method (Equation (13), as
they differ from those obtained from the Self-Selected Comparisons method
and the psM method; the latter two show biased estimates that arise from
endogeneity issues already evaluated.

Figure (4a) shows that while the probability of dropout of students
receiving PAE is reduced by -1.29 pp if the student belongs to a low socio-
economic level (Stratum012), the same probability is only reduced by -0.42
pp in students of greater socioeconomic levels. Thus, the reduction in the
probability of dropout for students who are beneficiaries of the PAE is 0.87
pp greater for students in stratum 0, 1, 2 compared to students from the
control group. This result implies a more positive effect of PAE in the reduc-
tion of school dropouts on economically vulnerable students, which is the
expected outcome in programs of this kind.
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Figure 4. Average Treatment Effects from PAE, Transp, and JEC by Subgroups

Source:

Figure (4a) also shows that the effect of PAE in Medellin is greater for
the immigrant population than for Colombians, since for the former, the
probability of dropping out is reduced by -5.86 pp when receiving the PAE,
whereas, for locals, the probability of dropping out is reduced by -0.98 pp in
PAE beneficiaries. Therefore, a decrease in the probability of student dropout
for PAE beneficiaries is 4.8 pp greater in students who are not Colombians.
Considering the results for female students, the coefficients in Figure (4a)
show that the decrease in the probability of student dropout for PAE benefi-
ciaries is 0.25 pp greater if the student is male compared to the control group.
This is, although the probability of female student dropout is reduced by -0.9
pp when receiving the PAE, the probability of student dropout among the
male population is reduced by -1.16 pp for PAE beneficiaries. This result leads
to unbalances in the student dropout statistics between men and women
in the short term from the implementation of PAE. In the long term, this
implies a more favorable labor inclusion for men than for women, thanks
in part to lower school dropout rates for men that arise from access to PAE.

Figure (4b) analyzes the ATE from the Transportation program. The
reduction in the probability of dropout for beneficiaries of the School
Transportation program is 1.71 pp greater for students of low socioeconomic
status (stratum012) compared to students in the control group (-3.37 pp vs
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-1.66 pp, respectively). Therefore, the positive effect of transportation in the
reduction of school dropout becomes greater for economically vulnerable
students as expected. Figure (4b) also shows that the decrease in the prob-
ability of student dropout in students enrolled in transportation programs is
0.1 pp greater for immigrant students compared to Colombian students (-4.19
pp vs -3.15 pp, respectively), and 0.77 pp greater for male students compared
to female students (-3.53 pp vs -2.76 pp, respectively). These two results
imply a greater effect of the transportation service as a retention strategy
in immigrants and male students, compared to their counterparts (nationals
and female students), respectively.

Finally, Figure (4c) shows that while the probability of dropout in stu-
dents of vulnerable socioeconomic level is reduced by -3.21 pp in JEc ben-
eficiaries, the student’s probability of dropout in the population of higher
stratum is reduced by -2.0 pp when jEc is supplied. Therefore, the decrease
in the probability of student dropout for those who receive Complementary
School Day benefits is 1.13 pp greater if the student belongs to stratum 0, 1,
2 compared to the control group. These results show the value of extracur-
ricular activities to prevent economically vulnerable students from drop-
ping out. The outcomes in Figured (4c) also identify better results from the
Complementary School Day program for immigrants than for Colombians,
as the reduction in the probability of student dropout is 1.68 pp greater for
immigrant beneficiaries of JEC compared to Colombian beneficiaries of JEC
(-4.44 pp vs -2.76 pp, respectively). The results for Woman coefficients find
better results from the Complementary School Day program for male stu-
dents compared to female students, as the reduction in the probability of
dropout is 0.61 pp greater for men enrolled in the JEC program compared
to women enrolled in the same program (3.28 pp vs 2.67 pp, respectively).

5. Conclusion and Discussion

This article analyzes the impact of the School Meals Program (PAE), School
Transportation program (Transp), and/or Complementary School Day pro-
gram (JEC) on the probability of dropping out of school in public schools
from Medellin. The response variable of school dropout is modeled using
the probit model. The causal effects of the three school retention programs
on the predicted probabilities of students” dropout are estimated using
three impact evaluation methods to obtain counterfactual groups: the
Self-Selected Comparisons method, the Propensity Score Matching method,
and the Endogenous Treatment-Effects method. The propensity score (in
the Propensity Score Matching method) and the probability of treatment
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assignment (in the Endogenous Treatment-Effects method) are estimated
using the heteroskedasticity probit model and the standard probit model,
respectively, including regressors that reflect the eligibility criteria of ben-
eficiaries. These criteria are followed for each program by school principals
and committees, based on national regulation, and include s1sBEN, school
levels (grades), and vulnerability-associated variables (ethnicity, place of
living -rural or urban, disability, and war victimization). The data are
sourced from Colombia’s Ministry of National Education and the Secretary
of Education of Medellin, year 2019.

The results suggest that the reduction in school dropout probabilities
is greater for students who have access to the retention programs by -1.0
pp (for PAE beneficiaries), by -3.17 pp (for Transportation beneficiaries),
and by -2.97 pp (for Complementary School Day beneficiaries), compared
to the control groups. Controlling for endogeneity, the programs with the
largest impact on reducing student dropout are School Transportation
and Complementary School Day. These results imply that school retention
strategies are a great vehicle to continue driving educational retention by
reducing financial burdens for low-income families and socially vulnerable
students. The success in reducing school dropout rates driven by retention
programs can serve as a lesson for other territorial entities that face chal-
lenges with the programs, including Vichada, La Guajira, and Soacha as the
Unit of Meals to Learn has highlighted. The predicted probability of student
dropout falls, on average, by -7.14 pp for students who are beneficiaries of
all three programs simultaneously.

Sources of heterogeneity are seen regarding the effects of each school
retention strategy on the probability of student dropout. At the 1% sig-
nificance level, it was found that the decrease in the probability of school
dropout by students of Strata 0,1,2 is greater than the reduction of dropout
probabilities by students of superior Strata (the counterfactual group) by
0.87 pp, 1.71 pp, and 1.13 pp, as they receive the benefits of PAE, School
Transportation program, or Complementary School Day program, respec-
tively. These outcomes show the effectiveness of school retention programes,
not just to lower the overall students’ probability of dropout, but also to
balance dropout rates between economically vulnerable and nonvulnerable
students; a matter that will affect the students” economic opportunities in
the long run.

The Average Treatment Effect (ATE) of the PAE, School Transport pro-
gram, and Complementary School Day program on the reduction of dropout
probabilities are found to be lower in Colombians compared to immigrants
(mainly from Venezuela). The difference in the reduction of the probabilities
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of dropping out between these two subgroups (favoring immigrants) is 4.88
pp in PAE, 1.33 pp in Transp, and 1.68 in JEC.

The effects of school retention programs by sex show that the ATE of
PAE, Transp, and JEC on the probability of school dropout is greater for male
students compared to female students by 0.25 pp, 0.77 pp, and 0.61 pp,
respectively. The heterogeneous effects of school retention programs on the
likelihood of dropping out favoring some subgroups (male immigrant and
male students) should cast attention on education authorities in Medellin,
who may examine whether the outcomes are as expected.

A limitation of this research is the impossibility of using a more cor-
rect variable for the students’ socioeconomic level, such as income, due to
missing data in SIMAT records. Future research may include other variables
associated with student dropout, including the parents’” educational level
and history of psychoactive substance use, among other variables, if other
external data sources allow so. Finally, as the Complementary School Day’s
second operator is Comfenalco (which provides services for more students),
it may be reasonable to think that the estimation of this program’s effect on
the decrease in student dropout is underestimated.

Future research endeavors may analyze the effects of strategies that are
focused on overaged students and repeaters on students” dropout prob-
abilities. These include “Aceleracién del Aprendizaje” (Accelerated Learning)
in elementary school and “Caminar en Secundaria” (Walking through High
School), which seek to even out students who are lagging after having
repeated several times, who may be thus at a higher risk of dropping out
of school, according to the results of this research.
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Appendix A
Propensity Scores for Retention Programs

Dependent Variable: Propensity Scores (P,)

PAE Transp JEC
ronen 0067%% .01084*%* .0037#+*
(.0007) (.0035) (.0004)
S -.00010%+* -.00020%+*
q (.0000) (.0000)
Level -2396%** 1279%% 6307+
(.0057) (.0094) (0181)
Level 0146 -.0075%* -0764+
cvelsq (.0004) (.0005) (.0023)
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Dependent Variable: Propensity Scores (P,)

PAE Transp JEC
k%
Victim ?(7)4128)
Disable .02130%* 16224+ -.0587+*
(.0095) (0177) (.0287)
. 0665+ 1350%++
Ethnic (0130) (0230)
Rural .0299%#+ 7686+ 3389%%*
(.0078) (.0006) (.0589)
Constant 1.0514*** 17974 2.848+
(.0215) (.0387) (.0424)
Lnsigma
— 00664+ -.0130%**
(.00063) (.0032)
.00020%**
SISBENS(] (0000)
Level -1689*** -.0359%++ -1308%**
eve (.0122) (.0046) (.0147)
Level .0065** .0210%++
evelsq (.00135) (0011)
Victim O(lgfé) 6)
Rural -3027##+ -2261%%*
(.0865) (.0383)

*Standard errors adjusted for clusters (based on Stratum012
Source: the authors based on data from the MEN (2019) and sEm.
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