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Abstract

This paper explores the determinants of
rural-urban student performance in Colombia, a
nation characterized by pronounced inequality.
Using quantile regression, a student-level education
production function at different points along the
achievement distribution is estimated. Using
the Oaxaca-Blinder decomposition, estimates
are provided to explain the achievement dif-
ferential between urban-rural students. These
estimates account for various factors including
individual, family, and school characteristics.
Results indicate that mean differences in per-
formance between students in rural and urban
Colombian schools are significant. Observable
factors, especially school characteristics, are the
main drivers of the performance gap. Substantial
differences are observed when different test
percentiles of the performance distribution are
considered. Our results suggest that one way
in which education can reduce student perfor-
mance gaps is by investing in improving school
quality in rural areas.
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Resumen

En este articulo se exploran los determinantes y
brechas del rendimiento estudiantil rural-urbano
en Colombia, una nacion caracterizada por una
marcada desigualdad. Se estima una funcion de
produccion de educacion a nivel de estudiante
en diferentes puntos a lo largo de la distribucion
de logros. Como resultados, aplicando la descom-
posicion de Oaxaca-Blinder, se reportan estima-
ciones de cuanto de la diferencia de rendimiento
entre estudiantes urbanos-rurales puede expli-
carse por aspectos que incluyen caracteristicas
individuales, familiares y escolares. Estos indi-
can que las diferencias medias en el rendimiento
entre los estudiantes de las escuelas colombianas
rurales y urbanas son significativas. Los factores
observables, especialmente las caracteristicas de
la escuela, son los principales impulsores de la
brecha de rendimiento. Utilizando regresion cuan-
tilica, se observan diferencias sustanciales cuando
se consideran diferentes percentiles de prueba
de la distribuciéon del rendimiento. Estos datos
sugieren que una forma en la que la educacion
puede reducir las brechas en el rendimiento de
los estudiantes es invertir en mejorar la calidad
de las escuelas en las zonas rurales.
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Introduction

Quality education is one of the main drivers of
economic mobility. The gaps among different
population groups in terms of access to qua-lity
education usually lead to future income and oppor-
tunity gaps (Yang and Qiu, 2016; Abdullah et al.,
2015). Thus, identifying student performance gaps
is crucial for the design of public policies aimed
at reducing income and wealth inequality. This is
especially relevant for highly unequal countries
like Colombia.

The Program for International Student Assessment
(PISA) tests has become an important frame of
reference for evaluating the academic level of stu-
dents in a country and is very useful in identifying
the aspects of educational policy that should be
reconsidered, reinforced, or implemented for
achieving better educational outcomes. In fact,
in the past two decades, large-scale international
assessments have been on the rise, with PISA
being viewed by many as holding strategic signif-
icance in global education policy debates (Pons,
2017). These tests, administered by the OECD,
measure students’ level of preparedness for adult
life. By analyzing these results, stakeholders can
compare the most relevant factors explaining
gaps in students’ educational performance in
each country.

Unlike previous large-scale curriculum based tests,
PISA tests are literacy-based, making students’ test
results more suitable for comparing student per-
formance across countries and over time within a
single country. They measure students’ knowledge
and skills in three main domains, namely reading,
scientific, and mathematical literacy. Evidence sug-
gests that high-income countries have responded
to PISA results by endeavoring to draw lessons

from the best practices of other nations (Dixon
et al., 2013; Heyneman and Lee, 2014; Niemann et
al., 2017; Rowley et al., 2019; Parcerisa et al., 2020,
Gomendio, 2023). Less evidence is available for
low- and middle-income countries that participate
in PISA and more research is needed to conclude
whether results have offered insights for educa-
tion policy and practice in these countries, and
whether such insights have affected education
policy (Rivas, 2015; Delprato and Antequera, 2021;
Li, 2021). In fact, while there are more than 114
published articles evaluating the PISA results for
the United States (and at least 72 for Australia,
69 for Germany, 52 for the United Kingdom, and
31 for Ireland), studies involving less developed
economies are relatively scarce (Hopfenbeck et
al., 2018).

Furthermore, it is essential to recognize the
diverse array of research initiatives worldwide that
interact with the PISA. Various types of studies
have explored the applications and implications
of PISA data. Internationally, researchers have
extensively analyzed the wealth of PISA results,
producing insights that have shaped education
policies and practices (Agasisti et al., 2018; 2021,
Thieme et al., 2012).

Paradoxically, while middle-income countries,
and especially Latin American countries, have
received less attention, according to the World
Bank “The results from PISA 2018 highlight the
learning crisis in Latin America and suggest that
promoting better and more equitable learning
continues to be the most important challenges
to be tackled by the education systems in the
region” Di Gropello et al. (2019). More research
is required for these countries in which gender
and rural-urban gaps are substantial. Existing
studies for Latin America have addressed various
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issues pertaining to PISA results (Gamboa and
Waltenberg, 2012; Villar and Zoido, 2016; Rivas
and Scasso, 2021; Delprato and Antequera, 2021,
Flores-Mendoza et al., 2021). However, most of
them (e.g., Jorge-Moreno et al., 2018; Kriger
and Formichella, 2019; Pinto et al., 2019; Rivero,
2019; Suarez-Mesa and Gémez, 2024) concen-
trate on PISA results from 2012 or 2015, primarily
focusing on the mean scores, overlooking the
disparities that may arise across the distribu-
tion of the sample (Lounkaew, 2013). This issue
is particularly relevant for countries where test
results exhibit significant heterogeneity among
different school characteristics (urban vs. rural,
public vs. private, etc.). Explanatory variables
identified as significant determinants of aca-
demic achievement may exhibit varying effects
across different percentiles of the score distri-
bution. Therefore, designing effective policies to
narrow educational outcomes requires a deeper
understanding of the determinants of test per-
formance across different quantiles of the dis-
tribution. Additionally, while the rural-urban gap
remains the single most extensively documented
development and welfare disparity in the region’s
economies, existing studies on PISA results in
Latin American countries have not sufficiently
focused on the rural-urban performance gap,
with only a few exceptions (Santamaria, 2017;
Ramos et al., 2012).

This research comprehensively investigates the
determinants of student performance in the Program
for International Student Assessment (PISA) 2018
tests, focusing specifically on the rural-urban
educational gap in Colombia, using data from
individual Colombian test takers. As the second
most recent OECD member, Colombia exhibits
notable characteristics, including pervasive
economic and social disparities between rural
and urban areas (Renddn and Gutiérrez, 2019).
For instance, in 2017, the proportion of rural
Colombians living in multidimensional poverty
was more than double that of urban residents.
Additionally, Colombia has a long history of

violence and internal migration, particularly
impacting rural regions (Angrist and Kugler, 2008;
Méndez-Giraldo et al., 2023). Development gaps are
also mirrored in rural-urban educational disparities.
Our contribution to the literature centers on this
gap. To our knowledge, there is only one previous
paper for Colombia with this focus (Ramos et al.,
2012), and it does not employ data from the latest
PISA test results nor does it distinguish results
for different performance distribution quantiles.

Our study employs a multifaceted approach,
and the contributions to the existing literature
are threefold. First, we estimate a student-level
education production function at different
points along the achievement distribution. This
contribution is especially relevant for a coun-
try, such as Colombia, in which educational
inequality is particularly pronounced. Second,
using the Oaxaca-Blinder decomposition, we gauge
the extent to which differences in achievement
between urban-rural students can be attributed
by aspects including individual characteristics,
family characteristics, and school characteris-
tics. Finally, by incorporating additional factors
such as bullying, teacher support, positive feel-
ings, and resilience into the PISA 2018 student
data, we employ the Oaxaca-Blinder decompo-
sition once more to ascertain the influence of
these factors on the achievement differential.

The findings, rooted in the PISA 2018 database,
revealed profound and statistically significant
disparities across various subjects—mathematics,
reading, and science. Importantly, observable
factors emerged as pivotal drivers of the iden-
tified performance gap, with school character-
istics playing a significant role, explaining over
40% of the variations in students’ performance.
Family characteristics also played a substantial
role, explaining more than 20% of the gap in
mathematics and science, and 32% in reading.
Individual characteristics, while statistically
significant only in mathematics and science,
contributed nearly 10% to the performance gap.
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Intriguingly, subjective factors such as bullying
and teacher support did not prove to be signifi-
cant determinants of the observed differences.
Gender-specific analyses revealed distinct effects,
with family and school characteristics exerting
more influence on girls, while individual factors
held greater importance for boys.

Results from quantile regressions indicate
that important differences are observed when
considering distinct test percentiles. Mean
estimation results show that all individual charac-
teristics (except gender in the case of results on
reading) and almost all family characteristics are
relevant in explaining differences in scores both
for rural and urban students. However, parents’
educational level and family property are not
important drivers of the observed differences
in results. Interestingly, while Oaxaca-Blinder
decomposition results indicate that school
characteristics are the most relevant in explain-
ing score gaps, OLS results show that the only
school characteristic that matters is whether
the school is public or privately owned. As in
most studies for developing countries, students
from private schools outperform their peers
in state schools (Diaz-Rios and Urbano-Canal,
2021; Pedro¢ et al., 2015).

Regression results show that the effect of indi-
vidual, family, and school covariates on student
performance vary depending on the quantile of
the distribution that is considered. For instance,
repeating a year and house characteristics, which
are relevant determinants of performance in the
mean, lose significance at the two tails of the
distribution.

The empirical findings of this study carry sig-
nificant implications for the implementation
of educational policies in Colombia and other
similar developing economies. Section 2 pro-
vides a description of the data. The third sec-
tion outlines the methodology employed. In the
fourth section, we present the main results of the
Oaxaca-Blinder decomposition and of quantile

regressions. Finally, the last section offers con-
cluding remarks.

I. Data

We gathered data from the Program for
International Student Assessment (PISA) 2018
test, administered to 15-year-old students to
measure their proficiency in mathematics,
reading, and science literacy. The test, first
conducted in 2000, is administered every three
years. In its latest iteration, students from 79
countries took the test.

The PISA employs a two-stage procedure, where
schools are initially sampled followed by the sam-
pling of students within selected schools. This
sampling technique increases the standard errors
within a population. Consequently, estimating a
population parameter requires the use of weights
associated with the sampling and the computation
of uncertainty due to sampling. Hence, student
performance must be estimated using ten plau-
sible values for each student, and results must be
aggregated. Data is weighted to account for three
factors: first, students do not have the same prob-
ability of being selected; second, differential par-
ticipation rates require nonresponse adjustments;
and third, certain explicit strata are oversampled
for national reporting purposes (OECD, 2018).

Data for Colombia consists of 7522 observations
for students in 247 participating schools. Figure
1 presents some descriptive statistics. Panel (a)
shows average scores for Colombia in mathe-
matics, reading and science. These results are far
below average test scores for the 79 participat-
ing countries, especially in mathematics (391 in
Colombia vs. a test average of 489). Panel (b) shows
average performance by gender. Boys outperform
girls both in mathematics and science, while girls
do better in reading. However, the most notable
gaps are observed when scores are stratified by
school type. Private schools widely outperform
state schools in the three areas. Notably, scores
for private Colombian schools are close to global
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(79 countries) averages. Importantly, as shown in
panel (d), large gaps are observed between stu-
dents in rural and urban areas. As in other devel-
oping countries, students in Colombia’s rural
areas have fewer school choices than their urban
peers, with the majority attending state schools, as
demonstrated by Echazarra and Radinger (2019).
In 2017, only 4.2% of rural students attended an
independent private school, compared to 23.4%
of urban students (Sanchez, 2018).

The breadth and depth of the information
collected through PISA allows for a detailed
understanding of educational dynamics, ena-
bling a robust analysis of the factors influencing
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student performance. By employing this data, a
solid empirical foundation is established, sup-
porting the exploration of educational disparities
between rural and urban areas in Colombia. The
richness of PISA data not only provides a pano-
ramic view but also facilitates the identification of
significant patterns and trends, thereby contrib-
uting to the formulation of informed conclusions
and offering valuable insights for decision-mak-
ing in the educational and policy realms. In this
context, the utilization of PISA data emerges as an
essential component for achieving the objectives
of this study, enabling a deep and meaningful
investigation into disparities in student perfor-
mance within a specific national context.
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Figure 1. Summary Statistics for Colombian Student Performance

Source: Authors based on PISA 2018 microdata.
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II. Methodology

The literature has shown that student perfor-
mance is primarily explained by three basic
components: individual characteristics, family
characteristics, and school characteristics (see,
for instance Hanushek, 1997; Sherman et al.,
2008; Woessmann, 2016) We incorporate a fourth
component related to other subjective factors
which could impact student performance, such
as bullying, teacher support, positive feelings,
and resilience. These factors, which have been
shown to be important determinants of academic
performance (Dietrich and Cohen, 2021) were
included in the PISA 2018 student survey, allowing
their incorporation into PISA evaluation studies.
The following equation is the starting point of
our empirical model:

P=otp' I+y' H+o'S +e, )

where P, stands for student i’s average score of
the ten plausible values for each subject area.
I, H, S, are vectors of individual characteristics,
family characteristics, and school characteristics,
respectively. Finally, is the intercept and repre-
sent an independently and identically distributed
zero-mean error term.

Expanding on this, the vectors I,, H, and S, in
Equation (1) encapsulate a comprehensive set
of variables representing individual, family, and
school characteristics, respectively. For the indi-
vidual characteristics (L), the vector includes
Grade repetition, Student international grade,
and Student gender, offering insights into the
student’s academic history and attributes. The
family characteristics (H,) vector encompasses the
Index of the highest parental education in years
of schooling, Household possessions, Index of the
highest parental occupational status, Cultural pos-
sessions at the household, Household educational
resources, and Family wealth. These variables col-
lectively capture the socio-economic and educa-
tional background of the student’s family. Finally,
the school characteristics (S,) vector consists of

School ownership, Student-teacher ratio, School
size, Number of available computers per student
at modal grade, Proportion of available comput-
ers connected to the Internet, Total number of
all teachers at school, Index proportion of all fully
certified teachers, and Class size. These variables
are intended to shed light on various aspects of the
educational environment, institutional resources,
and teaching dynamics within the school setting.
The inclusion of these specific variables ensures
a comprehensive exploration of the multifaceted
factors influencing student performance, aligning
with the established literature, and enhancing the
robustness of our empirical model.

Our focus is on the rural-urban gap. Thus, stu-
dents are grouped based on their school location,
distinguishing between rural and urban areas
in Colombia. Rural school are in small towns or
villages with a population of fewer than 15,000
people, while urban schools encompass the
remaining areas. Furthermore, in certain specifi-
cations, we further stratify the analysis by gender.

A. Oaxaca-Blinder Decomposition

We first used the traditional Oaxaca-Blinder
decomposition (Blinder, 1973; Oaxaca, 1973),
frequently implemented in studies identifying
some sort of labor market discrimination (by
race, gender, etc.). This decomposition is a sta-
tistical method that explains the difference in
means of a dependent variable between two
strata into a part that responds to observed
differences in the mean values of the model’s
covariates within the groups and group differ-
ences in the effects of the covariates. Emphasis
is usually placed on the second part of the
decomposition, namely the unexplained dif-
ferential in the dependent variable.

In this study, the Oaxaca-Blinder decomposition
estimates the difference in student performance
by urban and rural groups and explains how much
is due to observable factors and how much is due
to unobservable or residual aspects.
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Equation (1) is estimated separately for students in
rural and urban areas. As average values of resid-
uals in these linear regressions are zero, then:

ﬁu_f;k:[au_iaR ]Jr[ﬁ;U iU_ 'RjR ]+[VIU Hu_
y,R H, ]+[5’U SU_ 5'R SR] (2)

where the subscript U corresponds to urban
students and R corresponds to rural students.

Following Jann (2008), equation (2) can be written
as follows:

P Py, a, WHIB, 4,1+

[y, (H,— H)IH6", (S, SO+
BB I Mo, - v H O
(5, 6')S,1}

The component given by [, (1.~ 1,)|+[*, (A, - ,)]

+[ "2 (8, -S.)]} measures the portion of the differ-
ence in student performance that is attributable
to group differences in endowments, in other
words, the explained component. The compo-
nent given by { (7o =) Te J+[ (0 =) He [+[ (o= %) Sal)
represents the contribution of differences in
the coefficients, more specifically, the unex-
plained component. Some studies refer to this
component as the “discrimination” component.
However, it is important to note that the unex-
plained differential in the dependent variable
should not be interpreted solely as the amount
of the difference attributable to discrimination.
This is because other covariates not included in
the regression, such as unobserved factors, may
also contribute to these differences.

B. Quantile regression

Under the assumptions of linearity and £{|(1.#,S)},
it is possible to use OLS to estimate the coeffi-
cients of Equation (1). However, the literature
suggests the presence of potentially relevant
nonlinear relationships between the dependent

variable and the included independent varia-
bles derived, for example, from the presence of
heteroskedasticity in the education production
function (Escudero et al., 2009; Gertel et al., 2012)
due to unobservable factors. Consequently, in this
study, we conduct regressions on the mean, as
well as on the 10th and the 90th percentiles of
the sample distribution.

Quantile regressions are useful for evaluating
test results while considering heterogeneity in
the population under analysis, and for exam-
ining whether the coefficients of the explana-
tory variables vary across different quantiles.
Findings from quantile regressions can offer
significant insights for public policy as they
provide the policymaker with crucial infor-
mation on the impact of different covariates
on performance for students across the entire
distribution, including those at the center and
the tails.

II1. Empirical Results

The Oaxaca-Blinder decomposition results are
presented in Table 1. Estimation results are
consistent in showing that test performance is
significantly different for students in Colombia’s
rural and urban areas. On average, students in
rural areas obtain a score which is 30.7 points
lower in mathematics, 36.9 points lower in
reading, and 29.6 points lower in science than
their urban school counterparts. These dif-
ferences are significant at the 1% significance
level. Interestingly, all these differences in test
outcomes can be accounted for by explained
factors, with school and family characteristics
being most important.

This result is highly significant, as it indicates
that school characteristics, which account for
over 40% of the rural-urban gap, can be mod-
ified and improved by public policy actions.
Rural schools in Colombia exhibit higher stu-
dent-teacher ratios, inferior physical infra-
structure, and lower teacher quality compared
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Table 1. Oaxaca-Blinder decomposition results for the rural-urban educational gap in
Colombia using PISA 2018 test results (mathematics, reading, and science)

Mathematics Reading Sciences

Overall urban 408.4*** 432.5%** 429.9%**
(90.88) (84.03) (91.04)

Overall rural 377.6%** 395.6%** 400.4%***
(73.42) (74.96) (81.07)

Difference 30.74%** 36.92%%* 29.58***
(4.60) (5.11) (4.37)

Explained 25.54*** 28.08%*** 23.97*%**
P (5.29) (5.96) (5.54)
Individual 4.024* 3.504 3.780*
(2.38) (1.87) (2.32)

Famil 7.761%** 9.665%** 6.888***
y (3.92) (5.46) (4.26)

School 13.76%%* 14.91%%* 13.30***
(3.79) (3.97) (3.53)
Unexplained 5.201 8.839 5.608
P (0.94) (155) (0.94)

* p<0.05, ¥* p<0.01, *** p<0.001. t statistics in parentheses. In Tables 1 and 2 the variables included in each dimension are: Individual:
Grade repetition, Student grade, Gender; Family: Highest parental education in years of schooling, Household possessions, Highest
parental occupational status, Cultural possessions at the household, Household educational resources, Family wealth; School:
School ownership, Student-teacher ratio, School size, Number of available computers per student at modal grade, Proportion
of available computers that are connected to the Internet, Total number of all teachers at school, Proportion of all fully certified

teachers, Class size.

Source: Authors based on PISA 2018 microdata.

to schools in urban areas'. Educational policy
in Colombia should prioritize efforts to narrow
student performance gaps by investing in the
enhancement of school quality, particularly in
rural areas. However, results also indicate that
the gap cannot be fully closed through educa-
tional policy alone. Family characteristics account
for a significant portion of the gap (over 20% in
mathematics and science, and 32% in reading),
indicating the need to implement broader social
policies aimed at reducing poverty in rural areas
and improving the overall learning environment

1 Theassertion is derived from the data within the PISA 2018 data-
base itself, based on the variables Student-teacher ratio, Number
of available computers per student at modal grade, Proportion
of available computers that are connected to the Internet and
Index proportion of all fully certified teachers.

for school students. Finally. individual character-
istics explain nearly 10% of the gap. Interestingly,
bullying, teaching support, and other percep-
tion variables were found to be insignificant in
explaining the gap.

Similar conclusions are drawn when results are
stratified by gender (see Table 2). However, the
effects of endowments (i.e., the explained part)
are more pronounced for girls than for boys.
Furthermore, while school and family character-
istics are more influential for girls than for boys,
the reverse is true for individual characteristics.
Family characteristics are probably more significant
for girls than for boys due to gender discrimination
issues prevalent in Colombia, where many girls are
compelled to adhere to discriminatory gender roles
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within their households. The degree of gender discrimination is highly correlated with family character-
istics (Rodriguez-Burbano et al., 2021).

Table 2. Oaxaca-Blinder decomposition results for the rural-urban educational gap in

Colombia using PISA 2018 test results and stratified by gender (three areas)

Mathematics Reading Sciences

Boys Girls Boys Girls Boys Girls
Overall uban 419.3%% 397.5%* 428 1x% 436.8%x+ 4374%%% 422 Gxx
(78.34) (82.08) (70.00) (84.01) (75.06) (89.87)
Overall rural 387.0%%+ 369.4%++ 389.0%*+ 401.3% %% 406.2%%* 395.2%*
(63.49) (70.67) (60.97) (80.53) (66.69) (85.23)
Difference 32.33%x* 28.16%+* 39.10%++ 35.44% 31,21k 27.33%%%
(4.15) (4.05) (4.62) (4.94) (3.85) (4.05)
Exolained 23.30%*+ 27.05% %+ 27.05% % 30.65%** 23.03% 25.09% %+
P (4.27) (5.19) (5.01) (5.81) (4.50) (5.29)
Individual 4482+ 2.612 5.031% 2.765 4551 2.452
ua (2.09) (151) (2.10) (149) (2.15) (148)
Fammil 6.513%* 8.845%* 8.077%%* 10.94% %+ 5.091%+ 8.438 %%
amty (.17) (3.63) 4.51) (4.62) (3.06) (4.04)
Sehool 12.31%* 15.60%** 13.94%+ 16.94% %+ 13.39%+ 14.20%*
(2.83) (3.96) (3.01) (4.21) (2.79) (3.60)

Unexolained 9.023 1108 12.06 4795 8.174 2.246
P (1.39) (0.18) (1.66) (0.86) (1.08) (0.39)

* p<0.05, ¥* p<0.01, *** p<0.001. t statistics in parentheses

Source: Authors based on PISA 2018 microdata.

Quantile regression results are shown in Tables
3 (mathematics), 4 (reading), and 5 (science), in
the Appendix. Mean estimations indicate that
all individual characteristics (except for gender
in the results for reading) and almost all family
characteristics (notable exceptions are parents’
educational level and cultural possessions) are
relevant in explaining differences in scores both
for rural and urban students. Interestingly, while
Oaxaca-Blinder decomposition results indicate
that school characteristics are the most pertinent
in explaining score gaps, OLS results show that the
only school characteristic that matters is whether
the school is a state school or a private one. This
result is particularly relevant in this study, as rural
schools are mostly state schools. Therefore, a
combination of policies aimed at improving the

quality of state schools and of promoting the
development of a stronger private school system
in rural areas should be implemented in order to
narrow the country’s rural-urban educational gap.

Boys outperform girls in mathematics and science,
and differences are greater for urban schools.
In mathematics, boys in urban (rural) schools obtain
on average 28.4 (23.4) points more than girls.
In science, these differences are of 21.5 (16.8)
points, respectively. However, no significant gen-
der differences in scores are observed in reading.
Additionally, students that have repeated a year
have significantly lower results in test scores
across all three subject areas.

Regressions for the 10* and 90" percentiles
reveal notable differences compared to mean
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regressions. For instance, the variable indicating
whether a student has repeated a year, which
is significant for explaining differences in test
performance at the mean and for students at
the 90™ percentile, appears to be irrelevant at
the lowest tail of the distribution. In essence,
students with poor performance who have
repeated a year obtain similar results to those
with poor performance who have not repeated
a year. However, repeating a year makes a dif-
ference for average and top-performing stu-
dents. A similar conclusion is reached when
considering household educational resources.
The Household possessions variable is perti-
nent for urban students in all percentiles of the
distribution, and is statistically significant for
those at the highest percentile. In rural areas,
this variable is only significant in the mean. This
observation may be attributed to the higher
income inequality observed in urban areas in
Colombia, where significant socioeconomic dis-
parities exist. Rural areas, on the other hand, are
predominantly inhabited by low-income house-
holds. Notably, significant variables tend to hold
more significance for students in the highest
percentile compared to those in the lowest per-
centile. These, and other examples, illustrate the
importance of considering different distribution
quantiles for understanding PISA test results
and gaps. An effective public policy aimed at
improving student performance and narrow-
ing significant gaps must take into account the
varying effects that different covariates have
across distinct segments of the performance
distribution.

Gender gaps, however, exhibit similar pat-
terns across the three quantiles examined
in this study. Specifically, boys outperform
girls in mathematics and sciences in all cases,
except for rural students in the 10" percentile.
Conversely, in reading, gender differences are
only significant for rural students in the 10
percentile.

Conclusions

This study provides a comprehensive explo-
ration of the educational disparities between
rural and urban areas in Colombia, leveraging
the rich dataset of the Program for International
Student Assessment (PISA) 2018. The empirical
findings reveal stark and statistically significant
variations in test performance, underscoring the
challenges faced by students in rural Colombian
areas. Students in these regions consistently lag
behind their urban counterparts by 30.7 points
in mathematics, 36.9 points in reading, and 29.6
points in science. Importantly, these performance
gaps are elucidated by school and family char-
acteristics, which account for over 40% of the
rural-urban educational divide. This nuanced
understanding of the contributing factors
emphasizes the imperative for targeted policy
interventions to improve school quality in rural
areas and addresses broader socio-economic
disparities affecting student outcomes.

Moreover, the gender-stratified analysis reveals
nuanced patterns, particularly the dispropor-
tionate impact of school and family character-
istics for girls and individual characteristics for
boys. Notably, the study delves into the complex
fabric of gender discrimination and its intersec-
tion with family dynamics, shedding light on the
multifaceted nature of educational disparities.
Surprisingly, subjective factors such as bullying,
teacher support, and other perception variables
were found to be insignificant in explaining the
rural-urban gap. This challenges conventional
wisdom and prompts further investigation into
the intricate socio-cultural dynamics shaping
student performance.

The strengths of this study lie in its ability to
bridge research findings with actionable pol-
icy recommendations. By recognizing the sig-
nificance of school and family characteristics,
the study provides a foundation for targeted
policy measures. The results advocate for a
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dual approach, urging policymakers to not only
enhance the quality of state schools but also to
stimulate the development of a robust private
school system in rural areas. This synthesis of
research and policy implications positions the
study as a valuable resource for shaping edu-
cational policies that address the multifaceted
challenges faced by students in different regions
of Colombia. As we move forward, it is crucial to
consider these findings as a catalyst for informed
decision-making and a call to action for com-
prehensive policies that transcend traditional
educational boundaries.
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Appendix (Detailed results for quantile regressions)

Table 3. Quantile Regression results for Mathematics in Colombia
Stratifying by Rural-Urban Students
OLS P10 P90

Rural Urban Rural Urban Rural Urban

Student orade 21.23%** 19.42%** 20.96%** 21.64%** 24.80%** 17.01%**
g (2.758) (2.974) (4.675) (4.851) (5.459) (5.099)

Gender 27.54%%%* 29.31%** 18.29* 26.33*** 38.88*%* 32.80%%*
(4.644) (4.054) (8.891) (6.891) (8.151) (7.462)
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OLS P10 P90

Rural Urban Rural Urban Rural Urban

Grade repetition -16.92%* -21.19%** -19.13 -15.34 -11.54 -26.35*
p (5.945) (4.758) (11.48) (8.725) (12.32) (10.36)
parental education -0.679 -0.671 -0.512 -1.511 -0.658 -0.0203
(0.695) (0.695) (1.418) (1.305) (1.548) (1.460)

Household possessions 30.87** 46.03*** 30.21 32.36 29.69 45.05*
p (10.24) (9.050) (20.88) (19.40) (18.14) (19.86)

Cultural possessions -2.386 -4.742 -3.591 -2.111 1.578 -5.373
P (3.980) (3.211) (8.724) (6.850) (7.477) (7.068)
Household educational -5.009 -8.576** -3.082 -4.940 -6.442 -7.780
resources (4.014) (3.192) (10.54) (6.433) (7.166) (6.581)
Family wealth -15.95* -30.53*** -18.88 -22.53 -13.63 -27.93*
y (6.719) (6.347) (12.96) (13.72) (13.27) (14.24)
Highest parental occupational 0.149 0.345%** 0.209 0.347* 0.0878 0.387*
status (0.106) (0.0789) (0.202) (0.153) (0.257) (0.185)
-21.49%** -18.14*** -23.40 -18.14*** -17.88 -16.91**

School ownership (5.285) (3.826) (13.02) (4.905) (10.04) (6.057)

-0.0652 -0.387 -0.188 -0.448 0.0336 -0.539

Student-teacher ratio 0351) (0507  (0701)  (0.662)  (0.683)  (0.876)

0.0134 -0.001 0.01 0.003 0.014 -0.001

School size (0.0139)  (0.00929)  (0.0248)  (0.0124)  (0.0269)  (0.0131)

Number of available computers -8.372 5.096 -5.619 7.385 -7.429 1.270
per student at modal grade (5.829) (5.004) (8.930) (7.454) (11.33) (8.831)
Proportion of available 3.664 1762 2.734 5.105 7.647 -1.142
computers that are connected (9.341) (10.50) (12.25) (14.35) (14.94) (13.50)
to the Internet
Total number of all teachers at 0.0808 0.145 0.0470 0.0546 0.0853 0.123
school (0.374) (0.254) (0.639) (0.336) (0.641) (0.353)
Proportion of all fully certified 0.584 -2.113 2.128 0.393 -0.989 -0.954
teachers (8.018) (5.349) (11.41) (7.897) (11.73) (7.687)
. 0.0237 0.599 -0.0592 0.378 -0.221 0.682
Class size

(0.294) (0.321) (0.460) (0.400) (0.446) (0.455)

Student’s experience of being -8.040**  -5.536** -1.370 -5.466 -9.011* -5.800

bullied (2.501) (1.844) (4.295) (3.222) (3.876) (3.380)

Teach . -6.192%  -5748* -6.846 -5.865 7531 -6.607

cacher suppor (2.910) (2.347) (5.704) (3.336) (4.845) (4.175)
(Continued)
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OLS P10 P90
Rural Urban Rural Urban Rural Urban
Resilience 4.621* 1.724 3.134 3.697 8.537 0.589
(2.141) (1.641) (3.7113) (3.296) (4.851) (3.889)
243.9%** 239.3%** 174.0%* 145.8* 279.2%%* 345.1%**
Constant
(35.70) (41.75) (63.57) (65.45) (71.42) (73.18)

*Pp < 0.05, ¥* p < 0.01, ¥** p < 0.001. Standard errors in parentheses

Source: Authors based on PISA 2018 microdata.

Table 4.  Quantile Regression results for Reading in Colombia Stratifying by Rural-Urban Students
OLS P10 P90
Rural Urbano Rural Urbano Rural Urbano
Student orade 24.81%** 19.44*** 24.32%%* 19.31%** 26.70%** 16.70**
g (2.835) (2.731) (4.994) (5.045) (5.872) (5.167)
Gender -2.005 -1.991 -11.36 -10.94 8.843 5.685
(3.736) (3.997) (8.053) (7.739) (9.166) (7.152)
Grade repetition S1871%k % -21.77H** -16.97 -17.08 -15.72 -31.56**
p (5.414) (4.684) (10.37) (9.479) (14.26) (9.657)
parental education -0.325 -0.495 -0.807 -1.131 -0.196 -0.448
(0.601) (0.601) (1.336) (1.107) (1.373) (1.687)
Household possessions 30.30%* 58.43%** 29.72 43.63* 18.87 63.42%*
p (10.15) (9.419) (18.52) (19.55) (18.29) (19.75)
Cultural possessions -3.656 -5.849 -7.930 -6.405 6.077 -6.340
P (3.892) (3.128) (7.838) (6.530) (8.861) (6.457)
Household educational -8.472% -16.79%** -10.03 -12.66 -4.095 -19.78**
resources (3.796) (3.260) (7.981) (6.642) (8.468) (6.574)
Familv wealth -12.45 -38.29%** -14.00 -29.40%* -3.787 -39.49%*
y (6.589) (6.186) (12.04) (13.70) (12.89) (13.58)
Highest parental occupational 0.259** 0.407*** 0.304 0.382* 0.287 0.462*
status (0.100) (0.0848) (0.192) (0.192) (0.270) (0.209)
School ownershi -23.90***  -22.67***  -28.86**  -25.01%** -17.90 -18.30**
p (5.167) (4.112) (11.04) (5.678) (11.37) (6.040)
Student-teacher ratio -0.115 -0.215 -0.320 -0.0204 -0.0615 -0.400
(0.458) (0.520) (0.800) (0.820) (0.683) (0.895)
School size 0.0187 -0.0016 0.0175 0.001 0.0225 -0.007
(0.0172)  (0.0103)  (0.0226)  (0.0134)  (0.0243)  (0.0148)
(Continued)
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OLS P10 P90

Rural Urbano Rural Urbano Rural Urbano
Number of available computers -12.07 8.296 -11.17 11.51 -15.26 8.100
per student (6.266) (5.288) (7192) (6.440) (11.82) (8.685)
Proportion of available 0.804 -1.249 -6.342 1.237 1.084 -10.55
computers that are connected (8.628) (12.51) (12.90) (18.98) (15.69) (16.05)
to the Internet
Total number of all teachers at -0.065 0.191 -0.107 0.119 -0.121 0.363
school (0.429) (0.287) (0.597) (0.370) (0.602) (0.424)
Proportion of all fully certified -0.009 -2.965 3.993 -0.284 -4.403 -2.373
teachers (8.020) (6.537) (12.41) (9.056) (11.61) (8.098)
Class size -0.324 0.499 -0.133 0.414 -0.932 0.385

(0.282) (0.355) (0.477) (0.458) (0.501) (0.459)
Student’s experience of being -0.983***  7782%** -7.935* -8.213* -10.33* -7.149
bullied (2.019) (1.628) (3.342) (3.276) (4.776) (3.847)
Teacher subport 171 -3.124 1.117 -0.519 2.026 -4.175

PP 2.670) (2055  (5.083) (4.190) (5.742) (4.014)

Resilience 6.112** 2.236 7.267 2.724 5.296 -1.226

(2.143) (1.280) (4.644) (3.566) (4.597) (3.086)

262.3%** 283.6%** 199.2** 200.7%* 334.2%** 407.0%**

Constant

(37.82) (40.90) (63.86) (65.91) (73.30) (71.00)

*p < 0.05, ¥* p < 0.01, ¥** p < 0.001. Standard errors in parentheses

Source: Authors based on PISA 2018 microdata.

Table 5.  Quantile Regression results for Science in Colombia Stratifying by Rural-Urban Students
OLS P10 P90
Rural Urbano Rural Urbano Rural Urbano
Student d 22.20%** 18.17%%* 19.48*** 18.06** 23.16%** 14.31*
udent grade (2.740) (2.939) (4.648) (5.845) (5.811) (6.327)
Gender 21.30%** 21.80*** 13.12 17.84** 30.36** 25.40%*
(4.023) (3.855) (8.059) (6.752) (9.328) (7.964)
Grade repetition -13.96* -18.05%** -15.27 -12.46 -12.06 -28.11**
p (5.888) (5.016) (11.43) (9.352) (11.47) (10.43)
parental education -0.961 -0.877 -1.539 -1.019 -0.890 -0.679
(0.710) (0.656) (1.232) (1.245) (1553) (1.304)
H hold ion 25.24* 56.43%** 18.75 40.44 26.76 65.46%*
Ousenold possessions (10.33) (9.224) (16.35) (22.63) (25.77) (20.02)
(Continued)
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OLS P10 P90
Rural Urbano Rural Urbano Rural Urbano
Cultural bossessions 0.484 -3.727 1574 -1.998 3435 -5.552
uitural p (3.632) (3.312) (8.257) (7.059) (8.912) (6.835)
Household educational -6.865  -16.28%%*  -4392 -11.92 -8.718 -20.67+*
resources (3.802) (3.246) (7.952) (7.483) (9.910) (7.140)
Family wealth 1180 -3946%*%  -9.371 -28.49 -8.906 ~44.26%*
Y (7.078) (5.945) (11.28) (15.62) (18.05) (14.55)
Highest parental 0.208 0.384%%* 0.211 0.300* 0.168 0.438*
occupational status (0.110) (0.0922) (0.238) (0.153) (0.278) (0.206)
School ownershi 22.42%%%  QI74%kx 21B4*  -2524%%%  -19.46 -15.89%*
chootownership (5.852) (4.084) (10.87) (5.894) (13.34) (5.450)
Student-teacher rati -0.142 -0.327 -0.116 -0.223 -0.188 -0.222
udent-teacher ratio (0.419) (0.463) (0.958) (0.745) (0.754) (0.919)
0.0203 -0.000 0.0100 0.0003 0.0237 -0.004

School size (0.0168)  (0.00947)  (0.0268)  (0.0140)  (0.0281)  (0.0144)

Numbetf of avaﬂatblg at 7143 7.234 -3.822 7.505 -8.526 9.345
computers per student a 6.137 5.085 8.394 5.652 12.87 8765
modal grade (6.137) ( ) ( ) ( ) (12.87) (8.765)
PrOPOFEiOD 31: ivailable -0.674 -5.195 -4.680 -1.985 -4.442 -10.25
computers that are 8.165 12.30 12.51 17.29 14.55 15.69
connected to the Internet ( ) ( ) ( ) ( ) ( ) ( )
Total number of all -0.125 0.129 -0.0101 0.144 -0.120 0.210
teachers at school (0.403) (0.261) (0.662) (0.366) (0.659) (0.396)
Proportion of all fully -1.349 -3.380 1.996 -3.302 -3.285 -3.664
certified teachers (8.213) (6.550) (12.20) (9.122) (14.29) (8.173)
al . -0.231 0.535 -0.0943 0.356 -0.388 0.463
ass size (0.281) (0.342) (0.506) (0.392) (0.632) (0.501)
Student’s experience of -6.879** -5.569** -6.386 -6.430 -6.880 -5.518
being bullied (2.292) (1.863) (3737) (3.437) (4.339) (3.619)
Teacher SubDOLt 0.668 -4.995* -0.484 -2.166 0.805 -6.537
pp (3.108) (2.189) (4.556) (3.748) (6.385) (4.159)
Resilience 4.785% 1792 5.838 4273 6.432 -1.167
(2.179) (1782) (3.985) (3.228) (5.004) (3.266)

Constant 275.0%%% 288 8k 223 4%* 214.2%% 351.7%%* 405.2%%*
onstan (39.48) (42.99) (71.35) (76.94) (78.08) (79.40)

*Pp < 0.05, ¥* p < 0.01, ¥*¥* p < 0.001. Standard errors in parentheses

Source: Authors based on PISA 2018 microdata.
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