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Abstract: This study seeks to measure the degree of agglomeration of educational quality in Colombia,
based on the nonsocialization of the population that exhibits low educational quality, with the
population that exhibits high educational quality, and thus determine how such agglomeration
affects the phenomenon of academic segregation. To this end, we perform a spatial analysis of the
educational quality in Colombia and of variables that may influence the phenomenon of educational
agglomeration. The level of agglomeration in educational quality in Colombia is demonstrated by the
calculation of the Moran’s Index, in which a result of 0.62 was obtained. High educational quality is
concentrated in the Andean region, while low educational quality is agglomerated in the periphery of
the country, in areas such as the Pacific region. A spatial regression model was carried out to measure
the dependence of municipalities on their neighbors, and to determine the main socio-economic
factors affecting the phenomenon of educational agglomeration in Colombia, finding that living
conditions, unsatisfied basic needs and fiscal transparency all have an impact on the educational
quality of the municipalities. It is also found that the number of homicides in the municipalities does
not seem to have a significant relationship with education.

Keywords: educational quality; agglomeration; segregation; spatial autocorrelation; Moran’s Index;
geo-visualization

1. Introduction

The purpose of measuring the quality of an educational system is to determine the
extent to which the goals and objectives proposed in the training and learning processes
have been achieved. Therefore, the measurements through standardized tests or evalua-
tions constitute a fundamental tool to obtain reliable and necessary information for the
improvement of the educational systems. Based on these evaluations, it is possible to
identify both the strengths and weaknesses of the system, which provides feedback for
educational institutions and territorial entities [1].

Colombia has been applying the SABER tests and is participating in international
evaluations of school performance to assess its educational system. These evaluations are
applied at different educational levels and appraise different skills. Their results have been
used in various studies that use multiple methodologies and that have analyzed the identifi-
cation of factors associated with academic performance (see Castro et al. [2]; Ayala et al. [3];
Sánchez [4]), educational gaps estimates (see Castro et al. [5]; Cárcamo and Mola [6]) and
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efficiency studies (see OECD [7]). Results of the evaluations also serve as the basis for the
calculation of the Synthetic Index of Educational Quality-ISCE in its Spanish acronym built
by the Colombian Institute for the Promotion of Higher Education—ICFES—with which
the classification of educational centers in Colombia is carried out.

Given the above, this work seeks to measure the degree of agglomeration of educa-
tional quality in Colombia, based on the calculation of the ISCE, for the year 2018, and to
identify drawbacks that are the main socioeconomic factors that determine said agglom-
eration. In this way, we intend to identify how concentrated is the educational quality
throughout the country in order to determine how the distribution of educational quality is
causing academic segregation; that is, we intend to define how the agglomeration prevents
students (the population) with a low level of school-related skills from socializing with
students with a high level of school-related skills, and find the socioeconomic factors of the
school environment and how they significantly influence said segregation.

The research problem is justified because the results obtained in previous studies focus
on the effectiveness or the determinants of school performance, leaving aside a feature that
has not been addressed much by studies oriented towards the measurement of educational
quality in Colombia, the spatial location of the school. This feature has a relationship
with the educational quality and could be originating a cluster in education. Likewise,
research analyzing if the educational agglomeration causes the phenomenon of academic
segregation is scarce.

The main results show, through the Moran’s Index, that there is a spatial correlation
of 62%; that is, there is a high agglomeration in educational quality in Colombia, which is
concentrated in the Andean region, encompassing the main cities of this region (Bogotá,
Medellín and Cali), while low educational quality is concentrated in the periphery of the
country, in areas such as the Pacific, Amazonian and eastern plains regions. In addition, the
main determinants of this agglomeration were the urbanization rate [−], the unsatisfied
basic needs [−] and the fiscal transparency of public institutions [+].

Now, from the literature review, research shows that the education is one of the most
important pillars of society and is an essential factor in the development of countries. In
Colombia, it is a fundamental right enshrined in the political constitution and is one of the
most important issues in government plans, which constantly seek to increase the coverage
and quality of education in the country. Education is a core tool to achieve a fair and
equitable society.

From an economic point of view, the notion of agglomeration is linked to three con-
cepts: (1) the economies of scale, (2) the size of the local market, and (3) the transportation
costs [8]. It is important to mention that, in the case of services such as education, positive
externalities have a fundamental effect on the quality of life of the population; thus, the
economic approach must consider the spatiality to avoid, among others, the phenomenon
of educational segregation which will be addressed in this project.

The influence of the context or neighborhoods on the quality of some services as
education can have an effect on the future achievements of children. If the trajectory of the
cities and their dynamics lead to agglomerations of educational institutions by areas with a
clear segregation of socioeconomic status (a well-defined differentiation between rich and
poor), and with a lack of access to better quality services because of their location, feelings
of deprivation usually appear among heterogeneous individuals [9].

The literature focused on the Latin American context has identified key socio-economic
conditions of the student’s environment that are linked with their academic success.
Arcidiácono et al. [10] state that in Latin America, there is a clear public–private school
segregation, and that in the last two decades, this segregation has deepened in the basic
and middle educational levels. The authors notice the nonmigration of economically dis-
advantaged students to private schools that exhibit a higher educational quality, and they
consider this worrying. There is a diminishing interaction between children from different
socioeconomic strata. Residential integration is low as neighborhoods of medium and
medium-high strata are separated, further pronouncing spatial segregation. Gaviria and
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Barrientos [11] identified that the characteristics of the parents have a significant influence
on the performance of the students and that the positive relationship between the features of
the educational facility and academic performance is limited to private schools which have
kept a higher educational quality compared to public schools despite the increase in public
spending. Giménez and Castro [12] focus on the differences between the students attending
public and private schools, and they find that students of public schools have worse overall
characteristics (mainly socioeconomic status), and this leads to notable differences in school
results between public and private school students. Moreover, Giménez et al. [13] state
that these differences can also be caused by peer effects, measured by schools’ average
socioeconomic status or unsatisfied basic needs at the district level.

With respect to the characteristics of the environment where the schools are located,
Giménez et al. [14] identify a strong nexus between the students’ performance and the
social development of the districts where schools are located: the economic and educa-
tional dimensions of social development positively correlate with academic achievement.
Rodríguez et al. [15] highlight that the quality of life and well-being are dimensions directly
related to performance in many education systems. Additionally, Sullivan et al. [16] draw
attention to the fact that urban schools tend to have better infrastructure and teachers than
rural ones, contributing to an increase in its students’ achievement. Teacher qualification
proves to be a key factor for learning [17,18]. Finally, Giménez and Barrado [19] point out
that exposure to crime in the districts where schools are situated, measured by the homicide
rate, has a negative and significant impact on academic achievement. This effect is particu-
larly important in the case of students attending schools situated in districts with lower
social development. Exposure to crime is also connected with the probability of suffering
victimization by peer physical aggression at school, which can affect school results [20].

Based on this literature, the present study uses the level of urbanization, crime, eco-
nomic development, quality of life and well-being as spatial factors linked to academic
success. The existing literature identifies the factors that influence the quality of educa-
tional systems or illustrates the effect that agglomeration and segregation have on school
performance or the education system. However, these studies do not study the spatial effects
of agglomeration and segregation by microeconomic units such as the country’s departments. For
this reason, this work presents a novelty in its use of information and in its spatial treatment of it.

2. Materials and Methods

The hypothesis is that the existence of agglomeration in the educational quality in
Colombia and the presence of socioeconomic factors of the departments such as the number
of homicides, the unemployment rate, thefts, among others, are generating a great deal
of academic segregation, and this prevents the educational level in the country from
increasing. To analyze this situation, we calculate the ISCE in the departments of Colombia
for 11th-grade students for mathematics and language skills and for the year 2018, based
on the methodology proposed by the ICFES for its estimation (see ICFES [21]). The study
focuses on this section of the student population because the ISCE is applied to the basic
and middle levels. Based on the results of the ISCE, the index is aggregated by departments.

Initially, the degree of spatial dependence of the ISCE by departments is evaluated
using the Moran’s Index and testing various neighborhood structures (as queen and rook)
and the spatial lags. Moran’s Index shows if departments with high ISCE are surrounded
by other departments that also have a high ISCE (agglomeration).

Subsequently, the spatial econometric model for cross-sectional data is estimated,
based on the methodology developed by Anselin et al. [22] and performing the aggre-
gation of the score at the department level through the empirical Bayesian estimation of
Lajaunie [23]. As inputs, we include variables on the individual characteristics of the stu-
dent, his family and school. This information is collected from the ICFES databases and the
form C600 of the National Administrative Department of Statistics—DANE by its Spanish
initials. The contextual variables of the departments (homicide rates and socioeconomic
stratum or socioeconomic level) are obtained from the same databases of the DANE and
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from the National Police. This allows us, on the one hand, to identify if the agglomeration of
educational quality is generating academic segregation, and on the other hand, to establish
which are the main socioeconomic determinants of this phenomenon.

To calculate the ISCE, we estimate the average SABER 11 test scores by department
in Colombia for the subjects of mathematics and language in the year 2018, based on the
individual scores obtained by students in the test. The SABER 11 test is designed and
applied by the ICFES to seniors and assesses the average educational achievement of a
student during his/her school life. Once the information has been added at the department
level, it will be added to the mapping of the departments, using Geographic Information
Systems—GIS, through software R and packages raster, rgdal and sp.

The ICFES, since 2015, has been calculating the ISCE which is composed by three
aspects of secondary education: (1) progress, with a weighting of 40%, refers to the relative
variation in the percentage of students with insufficient performance; (2) performance,
with a weighting of 40%, considers the distribution of scores in SABER11 by quintiles;
and (3) efficiency, which weighs 20% and corresponds to the student approval rate for the
following school year. The ISCE ranges from 1, the lowest level of educational quality, to 10,
the maximum level of educational quality. This study will be based on the methodology
used by the ICFES for the calculation of the ISCE in Colombian departments for the year
2017 (see ICFES [21]).

2.1. Data

For the construction of the database, we used the statistical software R and the pack-
ages raster, rgdal, and sp. Based on the databases provided by the ICFES, where information
on the results of the students on the SABER11 tests is collected for the two semesters of
the year 2018, the database provided by the National Police, where there is data of the
homicides that occurred in Colombia during the year 2018, and shape with the political map
of Colombia, we began the georeferencing of the variables in the political map of Colombia.
As a first step, we proceeded to join the two ICFES databases of the two semesters in
which the tests were presented, for which we performed a match between both bases, so
that the crossing between them was successful, and there was no cross of variables. Once
the two bases were joined, we proceeded to take the necessary variables by means of a
grouping between the code provided by the DANE for the municipality, and the variable
to be studied; thus, groupings were created for the scores, the gender, the socioeconomic
stratum, the educational level of parents, the household size, and other variables as having
or not internet, TV or a computer. Likewise, from the database provided by the police, the
same grouping was carried out for the number of homicides by each municipality.

Once the variables were prepared, they were added to the mapping of Colombia in
order to carry out the spatial analysis. For this purpose, a cycle was built for each grouped
variable, where the code provided by the DANE for the municipalities was related to the
code of the municipalities provided by the cartography, thus successfully adding all the
variables to said map in order to start with the descriptive and spatial analysis of them.

2.2. Descriptive Analysis

Table 1 shows some descriptive statistics of the areas evaluated by ICFES. The average
of the scores exceeds 40 points; the highest scores are in mathematics and language, which
receive special attention through this research. Regarding the global score, the average for
Colombia stood at 238.3 points for the year 2018.
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Table 1. Descriptive Statistics.

Variables Percentage/Average [95% CI] Spearman Coefficient

Test scores (By area)
Global Score 238.31 [237.13–239.50]
Mathematics Score 47.96 [47.68–48.25]
Critical Reading Score 49.91 [49.70–50.13]
Natural Science Score 47.46 [47.22–47.70]
Social Science Score 45.51 [45.27–45.75]
English score 47.03 [46.80–47.26]
Gender
Male 46.06%% [45.93–46.19] −0.0169
Female 53.93% [53.80–54.06] −0.0062
Strata
Stratum 1 33.25% [33.12–33.38] −0.1008
Stratum 2 37.23% [37.10–37.36] 0.1878
Stratum 3 21.12% [21.01–21.23] −0.0102
Stratum 4 5.21% [5.151–5.273] −0.1433
Stratum 5 2.00% [1.967–2.044] −0.1613
Stratum 6 1.17% [1.143–1.202] −0.1734
Education of the mother
None 2.29% [2.256–2.337] −0.3046
Incomplete primary schooling 15.41% [15.32–15.51] −0.0414
Complete primary schooling 10.98% [10.90–11.06] 0.0868
Incomplete high school 15.01% [14.92–15.11] −0.0244
Complete high school 25.61% [25.49–25.73] 0.0277
Incomplete technical or technological 2.98% [2.936–3.027] 0.0532
Complete technical or technological 9.99% [9.911–10.07] 0.0290
Incomplete undergraduate studies 2.40% [2.364–2.447] 0.0941
Complete undergraduate studies 10.89% [10.81–10.97] 0.0281
Graduate studies 2.42% [2.382–2.465] 0.2097
Not applicable 0.16% [0.158–0.180] −0.0160
Does not know 1.80% [1.765–1.837] 0.0189

Education of the father
None 3.59% [3.539–3.639] −0.2759
Incomplete primary schooling 19.59% [19.47–19.69] −0.0007
Complete primary schooling 10.96% [10.87–11.04] 0.1195
Incomplete high school 13.95% [13.85–14.03] −0.0239
Complete high school 22.06% [21.94–22.16] −0.0021
Incomplete technical or technological 2.01% [1.978–2.053] 0.0537
Complete technical or technological 6.76% [6.696–6.831] 0.0264
Incomplete undergraduate studies 1.93% [1.901–1.976] 0.0671
Complete undergraduate studies 9.48% [9.406–9.564] 0.0014

Variables Percentage/Average [95% CI] Spearman correlation
coefficient

Graduate studies 2.21% [2.178–2.258] 0.1558
Not applicable 1.03% [1.006–1.061] 0.1071
Does not know 6.38% [6.314–6.446] 0.0843
Characteristics of the household
Household size
1 to 2 7.46% [7.399–7.539] 0.0166
3 to 4 48.39% [48.26–48.52] 0.1026
5 to 6 32.06% [31.93–32.18] −0.0235
7 to 8 8.59% [8.524–8.673] −0.1885
9 or more 3.58% [3.425–3.522] −0.2552
Has access to the internet 59.72% [59.58–59.85] 0.1141
Does not have access to the internet 40.27% [40.14–40.41] −0.0848
Has a TV 77.25% [77.13–77.36] 0.0033
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Table 1. Cont.

Variables Percentage/Average [95% CI] Spearman Coefficient

Does not have a TV 22.74% [22.63–22.86] −0.0289
Has a computer 58.78% [58.65–58.91] 0.1294
Does not have a computer 41.21% [41.08–41.34] −0.1143
Characteristics of the municipality
Homicides 14.62 [10.48–18.77] −0.0247
Urbanization Rate 0.41 [0.396–0.425] 0.1091
Quality of life index 61.40 [60.75–62.05] 0.4404
Fiscal Performance Index 56.91 [56.22–57.60] 0.3371
Unsatisfied Basic Needs 31.95 [30.74–33.17] −0.5554

It is also observed that the proportion of women who took the exam for 2018 was
higher (53.93%) than the proportion of men (46.06%); on the other hand, the most rep-
resentative strata are stratum 2 and stratum 1, with a proportion of 37.23% and 33.24%,
respectively. The most representative level of education among parents is complete high-
school level. The most representative household size is 3 to 4 people, and in terms of the
technological characteristics of the household, it is observed that most of the students have
internet (59.72%), have a computer (58.78%) and have a television (77.25%). Regarding the
characteristics of the territory, the average number of homicides by municipalities stands
at 14.62 murders on average, while the average quality of life index by municipalities is
61.40, and the unsatisfied basic needs are 31.95 on average.

Figure 1 shows the spatial distribution of the scores. When analyzing their geographi-
cal distribution, it can be seen that the highest scores, regardless of the evaluated subject,
were obtained in the Andean Region of the country, while the lowest scores were obtained
by students in the periphery of the country: Pacific region, Amazon region, part of the
Eastern Plains and the Pacific Coast. The distribution presented may indicate the presence
of agglomeration of educational quality; however, this hypothesis will be corroborated
with formal tests. For contextualization, the reader can use the following link to the official
physical–political map of Colombia in https://geoportal.igac.gov.co/sites/geoportal.igac.
gov.co/files/geoportal/mapafisico.pdf (accessed on 1 June 2022).

2.3. Existence of Agglomeration

The main hypothesis of our research is the existence of educational agglomeration in
Colombia; to ensure this hypothesis, we resort to the Geoda program which is used for
spatial data analysis, geo-visualization, spatial autocorrelation and modeling. With this
program, the global test score is distributed in five quantiles, obtaining the map of Figure 2,
in which the existence of educational agglomeration can be clearly observed. The high
scores are concentrated in the Andean region of the country, while low scores are located in
the peripheral area.

However, to confirm the existence of agglomeration, we resort to the Moran’s Index
which is used as a measure of spatial autocorrelation. It evaluates the degree to which
an object is similar to other nearby objects; in this case, it measures the degree to which
the educational quality of one municipality affects the educational quality of neighboring
municipalities. The Moran’s Index can be classified as positive, negative or without spatial
autocorrelation; a Moran’s Index very close to 1 indicates agglomeration, while one very
close to −1 indicates segregation. When performing the analysis for this investigation, we
obtained a result of 0.642 for Moran’s Index, which supports the hypothesis of the existence
of agglomeration in Colombia (Figure 3).

https://geoportal.igac.gov.co/sites/geoportal.igac.gov.co/files/geoportal/mapafisico.pdf
https://geoportal.igac.gov.co/sites/geoportal.igac.gov.co/files/geoportal/mapafisico.pdf
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Figure 1. Spatial distribution of scores obtained by evaluated area. Note: PUNTAJE MAEMATICAS:
Score Math; PUNTAJE LECTURA CRITICA: Score Reading; PUNTAJE INGLES: Score English;
PUNTAJE CIENCIAS NATURALES: Score Natural Sciences; PUNTAJE CIENCIAS SOCIALES: Score
Social Sciences. Color Scale: dark to light indicates lower to higher score.
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Figure 2. Spatial distribution of the Global Score. Note: PUNTAJE_G: Global Score. Color Scale: light
to dark indicates lower to higher score.

2.4. Proposed Model

For the construction of the model, variables related to the socio-economic conditions
of the student’s environment, aggregated by municipality, are considered. We evaluated
the analysis of factors such as stratum, education of parents, household characteristics
such as household size, technology indicators (internet, television or computer possession),
and the number of homicides in each municipality. However, these characteristics are
already included in variables calculated by the DANE that explain the socio-economic
characteristics of the municipality. The explaining factors that we use have been highlighted
as academic success determinants in Section 2.
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Urbanization rate: It is defined as the proportion of the population of a municipality
that lives in the urban area compared to the total of the inhabitants of the municipality. This
rate reflects the pressure that the municipal seat exerts on the territory of the municipality,
on its natural resources, and on the characteristics that are typical of the municipality. A
high figure for this rate indicates a higher level of human development.

Quality of Life Index (QLI): Provided by DANE, from the National Quality of Life
Survey, which is based on a methodology that links the factors evaluated in this survey with
satisfaction with life of each individual. This survey characterizes the living conditions of
the municipalities with variables that are related to housing, education, health, labor force,
child care, income and expenditure, while in terms of households, it considers variables
such as possession of goods and the perception the head of household has of the living
conditions of his or her household. The higher the QLI of the municipalities, the higher
their educational quality is expected to be.

Unsatisfied Basic Needs (UBN): This variable provided by DANE aims to determine
to what extent the basic needs of the population are covered. It helps to establish the popu-
lation qualified as poor. The dimensions considered in this variable are inadequate housing,
critically overcrowded housing, housing with inadequate public services, housing with
economic dependence, and housing with children who do not attend school. The higher
the UBN measure of the municipalities, the lower the educational quality is expected to be.

Homicides by municipality: This variable measures the number of intentional homi-
cides in each municipality, and it is provided by the National Police. It is expected that
the more homicides that occur in a municipality, as an index of violence, the lower the
educational quality in that municipality.

Fiscal Performance Index (FPI): Variable provided by the National Planning Depart-
ment (DNP). Its objective is to evaluate the performance of the territorial administrations in
the aspect of public finances. It shows the fiscal behavior of the country’s municipalities and
departments, to identify the strengths and weaknesses of each administration’s financial
capacity. It is expected that the higher the fiscal transparency of each municipality, the
higher its educational quality.

According to the possible components that could model the educational quality in Colom-
bia and the socio-economic variables that may affect it, the statistical model is proposed:

y = ρWy + Xβ + ε (1)

where y is a vector (N × 1) of the N observations of the dependent variable, W represents
the spatial weight matrix, ρ is the autoregressive parameter that captures the intensity of the
interdependencies between the N sample observations (spatial autocorrelation coefficient),
Wy is the spatial delay of the variable y, X is a matrix of k exogenous variables, and ε is a
term for white noise disturbance. This methodology allows us not only to locate possible
clusters of educational quality but also to detect if there is any process of dissemination of
educational quality. Thus, the statistical model is as follows:

Scoreij = ρWijScoreij + β0 + β1URBRij + β2QLIij + β3UBNij + β4Homicidesij + β5FPIij + εij (2)

where Score is the scores obtained in each of the areas evaluated by the ICFES (Mathematics,
Critical Reading, Natural Science, Social Science, English and the Global Score), β0 is
the functional intercept of the model, ρWij is the spatial lag operator, which is formed
by defining the corresponding neighbor of each department as a new column with a
nonzero element, (Wij) as a matrix of spatial weights, having as characteristics a positive
and nonstochastic matrix, with each variable spatially delayed, URBR is the urbanization
rate of each municipality, QLI is the quality life index, UBN is the unsatisfied basic needs,
Homicides is the number of homicides per municipality, FPI is the fiscal performance index
and εij is the error term associated with the model.
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Figure 3. Calculation of the Moran’s Index for educational quality. Note: PUNTAJE_G: Global Score;
lagged PUNTAJE_G: Lagging score.

3. Results

Six regression models with a spatial lag of the dependent variable are considered, one
for each area evaluated of the ICFES and for the global score, with the following results.

Table 2 shows the estimated coefficients of each of the regressions with their respective
level of significance (p-value). All models explain more than 40% of the educational quality
(see Appendix A).
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Table 2. Significance of regression coefficients.

Global Mathematics Critical
Reading

Social
Science

Natural
Science English

Spatial lag 0.0944 *** 0.1367 *** 0.0596 *** 0.0784 *** 0.1362 *** 0.0905 ***
URBR −9.330 *** −2.0311 * −1.5246 *** −2.1885 ** −2.1392 ** 0.0800
QLI 0.8073 *** 0.1594 *** 0.1715 *** 0.1730 *** 0.1394 *** 0.1452 ***
UBN −0.254 *** −0.0585 *** −0.0431 *** −0.0519 *** −0.0501 *** −0.0479 ***

Homicides 0.00465 −0.00017 0.00127 0.00152 0.00065 0.00269
FPI 0.1684 *** 0.0354 *** 0.0276 *** 0.0331 ** 0.0323 ** 0.0493 ***

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1.

The model whose dependent variable is the global score as an approximation to
the educational quality in the country in 2018 exhibits a significant spatial lag for the
regression; the obtained coefficient for the urbanization rate implies that as the urbanization
rate increases by one percentage point, the educational level is expected to decrease by
approximately 9 points, while QLI and FPI showed the expected (positive) relationship;
i.e., if the QLI in the municipalities increases by one point, the educational quality is
expected to increase by approximately 0.8 points, and for the fiscal development index,
if the administrative transparency of the municipalities is increased by one point, the
educational quality is expected to increase by about 0.16 points. On the other hand, as
expected, as unmet basic needs increase, the overall score decreases by approximately
0.25 points. Finally, the homicides variable was not significant in this model.

Mathematical and critical reading skills are fundamental to people’s education. After
carrying out the respective econometric regressions, it is found that the spatial lag is
significant in both. The quality-of-life index, the unsatisfied basic needs and the fiscal
performance index also turn out to be significant and with the expected sign, while the
number of homicides is not significant for any of the regressions. It is interesting to note
that when the regression is performed with the mathematics score as a dependent variable,
the results indicate a negative relationship; that is, if the number of homicides in the
municipalities increases by one person, it is expected that the educational quality (taking
the mathematics score as an approximation) decreases by approximately 0.00017 points;
however, as stated, this variable is not significant for any of the tested models.

4. Discussion

This paper identifies spatial agglomeration as a fundamental factor of segregation. Ag-
glomeration conditions school academic performance (relationship estimated between the
urbanization rate and SABER11 test scores) and, therefore, affects the success of the Colom-
bian educational system. These results coincide with those found by Arango et al. [24].

The results of the paper are novel because other studies dealing with the phenomenon
of segregation and its relationship with development focused on factors other than spatial
agglomeration. Specifically, other factors identified by previous studies were as follows:

1. Gender: this is attributed to the process of socialization to which young people are
subjected from the moment they are born. When they grow up, they make their own
decisions based on what is expected of them because of their gender identity [25,26].
Stereotypes are generated that impact their formal educational process [27–29]
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2. Ethnicity: resulting from the concentration of a population minority. In the case of
Colombia, the indigenous population presents low school performance [30,31] and
suffers labor discrimination [32].

3. The level of school competencies is also defined as school segregation. It is caused by
the distribution of students due to their individual or personal characteristics. This
has an impact on social inequality and limits the development possibilities of the
student body, particularly the most vulnerable students [33,34], leading them to poor
school performance [35].

4. Social discrimination in which the student body is “separated” by their origins or
social classes. At this point, findings show that private schools concentrate on up-
per and upper-middle-class students and have even more qualified teachers, which
reflects higher academic performance in students, widening educational inequali-
ties between public and private schools, and negatively affects the most vulnerable
groups [12,36–39].

The concentration of high educational quality in the Andean region of Colombia is a
result that has been pointed out by prior research. Bonilla [40] highlights that the Andean
region is where both the higher salaries and the higher per capita income of the country
concentrate. At the same time, the Pacific Region is where income inequality has grown
the most [40]. With respect to the population distribution in Colombia, in the second
half of the 20th century and the beginning of the 21st century, the country has gone from
being an eminently rural country to an urban one, with most of the people migrating
from the rural to the urban world settling in the Andean region [39]. In addition, the
average household size has decreased, especially in the Andean region, as the number
of children in urban households is lower than in rural ones [40]. These demographic
transformations have been accompanied by important changes in the education sector,
and in the distribution of education spending [41]. The most qualified teachers are
concentrated in the Andean region of the country, which has led to better academic
results for the Andean students [41].

5. Conclusions

The results obtained show that there is indeed educational agglomeration in Colombia,
a situation that is corroborated by the high Moran’s Index obtained (0.64). The spatial
analysis shows that high educational quality is concentrated in the Andean Region, while
low educational quality is concentrated on the periphery of the country.

The methodology proposed here also made it possible to locate clusters of educational
quality, as well as to detect a process of dissemination of education. The results show
significant evidence of spatial dependence at the municipal level, so we can conclude that
geographic location is an important factor in educational quality in the country.

The presence of limiting (neighboring) municipalities is fundamental in explaining
the educational quality in the country because it is found that most of the municipalities
with low educational quality are surrounded by municipalities that also show low edu-
cational quality, and on the other hand, most of the municipalities with high educational
quality are surrounded by municipalities that also have high educational quality.
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Exogenous socio-economic factors greatly affect the educational quality in Colombia.
Improving living conditions, addressing unmet basic needs and having greater fiscal
transparency would help to increase the educational quality and decrease the phenomenon
of agglomeration. The number of homicides in the municipalities is not a significant
variable for the model; however, it is a proxy variable for the level of violence in the
country, and greater peace of mind for a society in this regard could positively affect the
educational quality.

The urbanization rate proved to have a negative effect on the educational quality in
the country, a result that was not expected. However, this result can be explained because
the urbanization rate is oriented to issues related to urban infrastructure and its functioning,
necessary for the structural organization of cities, rather than to the infrastructure reflected
in the educational institutions which may explain this negative relationship.

Another possible way of modeling the relationships would be to create explanatory
variables by means of principal component analysis. This may allow a better fit of the
model in less computation time, and the results could be more conclusive. However, this
analysis does not consider the endogenous factors that may cause low educational quality,
such as the quality of teachers, infrastructure, and school resources, among others; thus,
we suggest the realization of a case analysis for the municipalities with the highest levels of
poor educational quality.
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Appendix A

Table A1. Specification of the regression models.

Global Mathematics Critical
Reading

Social
Science

Natural
Science English

R2 0.4839 0.4138 0.5471 0.5060 0.4143 0.5256
Breusch–Pagan test (p-value) 0.00030 0.00000 0.00000 0.00247 0.00038 0.35307

Significance of spatial dependence 0.00000 0.00000 0.00045 0.00012 0.00000 0.00000

References
1. Ministry of National Education of Colombia. Al tablero. 30 May 2006. Available online: https://www.mineducacion.gov.co/1621

/article-107321.html (accessed on 1 June 2022).
2. Castro, G.; Giménez, G.; Pérez, D. Estimación de los factores condicionantes de la adquisición de competencias académicas en

América Latina en presencia de endogenidad. Rev. CEPAL 2018, 124, 35–59. [CrossRef]
3. Ayala, J.; Marrugo, S.; Bernardo, L.; Ricardo, S. Antecedentes familiares y rendimiento académico en los colegios oficiales de

Cartagena. Econ. Y Región 2011, 5, 45–85.
4. Sánchez, A. Etnia y Desempeño Académico en Colombia; Documentos de Trabajo sobre Economía Regional; Institutional Repository

of the Banco de la Republica: Cartagena, Colombia, 2011; No. 156.
5. Castro, G.; Giménez, G.; Pérez, D. Educational Inequalities in Latin America, 2012 PISA: Causes of Differences in School

Performance between Public and Private Schools. Rev. De Educ. 2017, 376, 33–61.
6. Cárcamo, C.; Mola, J.A. Diferencias por sexo en el desempeño académico en Colombia: Un análisis regional. Econ. Y Región 2012,

6, 133–169.

https://www.mineducacion.gov.co/1621/article-107321.html
https://www.mineducacion.gov.co/1621/article-107321.html
http://doi.org/10.18356/2e4c4cad-es


Eur. J. Investig. Health Psychol. Educ. 2022, 12 1019

7. OECD. Education in Colombia. Reviews of National Policies for Education; OECD: Paris, France, 2016.
8. Fujita, M.; Krugman, P.; Venables, A. The Spatial Economy Cities, Regions, and International Trade; MIT Press: Cambridge, MA, USA, 1999.
9. Merton, R.; Kitt, A. The American Soldier. In Continuities in Social Research: Studies in the Scope and Method of “The American

Soldier”; Merton, R.K., Lazersfeld, P.F., Eds.; Free Press: New York, NY, USA, 1950; Volume 16, p. 791.
10. Arcidiácono, M.; Cruces, G.A.; Gasparini, L.; Jaume, D.; Serio, M.; Vázquez, E. La Segregación Escolar Público-Privada en América

Latina; CEPAL: Santiago de Chile, Chile, 2014; No. 195.
11. Gaviria, A.; Barrientos, J.H. Determinantes de la Calidad de la Educación en Colombia; Fedesarrollo: Bogotá, Colombia, 2001; Volume

88, No. 159.
12. Giménez, G.; Castro, G. Por qué los estudiantes de colegios puéblicos y privados de Costa Rica obtienen distintos resultados

acadeémicos. Perf. Latinoam. 2017, 49, 195–223. [CrossRef]
13. Gimenez, G.; Ciobanu, D.; Barrado, B. A Proposal of Spatial Measurement of Peer Effect through Socioeconomic Indices and

Unsatisfied Basic Needs. Economies 2021, 9, 72. [CrossRef]
14. Gimenez, G.; Martín-Oro, Á.; Sanaú, J. The effect of districts’ social development on student performance. Stud. Educ. Eval. 2018,

58, 80–96. [CrossRef]
15. Rodríguez, S.; Valle, A.; Gironelli, L.M.; Guerrero, E.; Regueiro, B.; Estévez, I. Performance and well-being of native and immigrant

students. Comparative analysis based on PISA 2018. J. Adolesc. 2020, 85, 96–105. [CrossRef]
16. Sullivan, K.; Perry, L.B.; McConney, A. How do school resources and academic performance differ across Australia’s rural,

regional and metropolitan communities? Aust. Educ. Res. 2013, 40, 353–372. [CrossRef]
17. Ramírez-Montoya, M.S.; Loaiza-Aguirre, M.I.; Zúñiga-Ojeda, A.; Portuguez-Castro, M. Characterization of the Teaching Profile

within the Framework of Education 4.0. Future Internet 2021, 13, 91. [CrossRef]
18. Gimenez, G.; Barrado, B.; Arias, R. El papel del profesorado y el entorno de aprendizaje en el rendimiento de los estudiantes

costarricenses: Un análisis a partir de PISA. Rev. Complut. Educ. 2019, 30, 1127–1145. [CrossRef]
19. Gimenez, G.; Barrado, B. Exposure to crime and academic achievement: A case study for Costa Rica using PISA data. Stud. Educ.

Eval. 2020, 65, 100867. [CrossRef]
20. Gimenez, G.; Tkacheva, L.; Barrado, B. Are homicide and drug trafficking linked to peer physical victimization in Costa Rican

schools? Psychol. Violence 2021, 11, 188–198. [CrossRef]
21. ICFES. SABER en Breve, 5th ed.; Instituto Colombiano para la Evaluación de la Educación, ICFES: Bogotá, Colombia, 2016.
22. Anselin, L.; le Gallo, J.; Jayet, H. Spatial Panel Econometrics. In The Econometrics of Panel Data; Mátyás, L., Sevestre, P., Eds.;

Springer: Berlin, Germany, 2006; pp. 625–660.
23. Lajaunie, C. Local Risk Estimation for a Rare Noncontagious Disease Based on Observed Frequencies, 1st ed.; Centre de Geostatistique,

École des Mines de Paris: Fontainebleu, France, 1991.
24. Arango, D.; Farkas, V.; Castillo, M.; Castro, G. Georeferencing educational quality in Cali, Colombia in 2018, with a focus on

academic agglomeration and segregation. Cuad. Econ. 2022, 41, 109–128.
25. Aguado, J.A.; Cano, F.J.; Sánchez, M.J. Segregación por género y Formación Profesional: Aportaciones al debate sobre la situación

actual. Rev. Sociol. Educ. 2020, 13, 308–327.
26. Fernández, A.B.; Ibáñez, M. Más mujeres en los estudios de Informática: Una propuesta desde el departamento de formación y

orientación laboral. Rev. Sociol. Educ. 2018, 1, 116–134. [CrossRef]
27. Mariño, R.; Rial, A. Balance de las necesidades formativas demandadas por mujeres que cursan o que han cursado ciclos de FP en

familias profesionales masculinizadas: El caso de Galicia. Educar 2019, 51, 251–272.
28. Urrea, M.E.; Fernández, A.; Aparicio, M.D.; Hernández-Amorós, M.J. La cultura de género del alumnado de Formación Profesional

en el ámbito laboral. Int. J. Dev. Educ. Psychol. 2018, 2, 23–32.
29. Rial, A.F.; Mariño, R.; Rego, L. La situación de la mujer como alumna de formación profesional inicial y como profesional en el

mercado laboral. Rev. Iberoam. Educ. 2011, 54, 1–13.
30. Murillo, F.; Martínez-Garrido, C. Estimación de la magnitud de la segregación escolar en América Latina. Rev. Int. De Investig. En

Educ. 2017, 9, 11–30. [CrossRef]
31. Murillo, F. Midiendo la segregación escolar en América Latina. Un análisis metodológico utilizando el TERCE. Rev. Iberoam. Sobre

Calid. Efic. Y Cambio En Educ. 2016, 14, 33–60.
32. Alegre, M. Casi-mercados, segregación escolar y desigualdad educativa: Una trilogía con final abierto. Educ. Soc. 2010,

31, 1157–1178.
33. Martínez, L.; Ferrer, A. Mézclate Conmigo. De la Segregación Socioeconómica a la Educación; Save the Children España:

Madrid, Spain, 2018.
34. Valenzuela, J.P.; Bellei, C.; Ríos, D.L. Fin de ciclo? Cambios en la gobernanza del sistema educativo chileno. In Segregación Escolar

en Chile; OREALC/UNESCO, S. Martinic y G. Elacqua: Santiago de Chile, Chile, 2010; pp. 257–284.
35. Gorard, S.; Siddiqui, N. Understanding school segregation. In Redefining Measures of Poverty and Their Impact on Student Progress in

England; X. Bonal and C. Bellei: London, UK, 2018; pp. 85–102.
36. Krüger, N. La segregación por nivel socioeconómico como dimensión de la exclusión educativa: 15 años de evolución en América

Latina. Arch. Analíticos Políticas Educ. 2019, 27, 1–37. [CrossRef]
37. OECD. Balancing School Choice and Equity. An International Perspective Based on PISA; OECD: Paris, France, 2019.

http://doi.org/10.18504/pl2549-009-2017
http://doi.org/10.3390/economies9020072
http://doi.org/10.1016/j.stueduc.2018.05.009
http://doi.org/10.1016/j.adolescence.2020.10.001
http://doi.org/10.1007/s13384-013-0100-5
http://doi.org/10.3390/fi13040091
http://doi.org/10.5209/rced.60189
http://doi.org/10.1016/j.stueduc.2020.100867
http://doi.org/10.1037/vio0000358
http://doi.org/10.7203/RASE.11.1.10624
http://doi.org/10.11144/Javeriana.m9-19.emse
http://doi.org/10.14507/epaa.27.3577


Eur. J. Investig. Health Psychol. Educ. 2022, 12 1020

38. Krüger, N. An evaluation of the intensity and impacts of socio-economic school segregation in Argentina. In Understanding School
Segregation. Patterns, Causes and Consequences of Spatial Inequalities in Education; Bonal, X.X., Bellei, C., Eds.; Bloomsbury Academic:
London, UK, 2019; pp. 103–122.

39. Vazquez, E. Segregación escolar por nivel socioeconómico. Midiendo el fenómeno y explorando sus determinantes. Económica
2016, 62, 121–184.

40. Bonilla, L. Causas de las Diferencias Regionales en la Distribucioén del Ingreso en Colombia, un Ejercicio de Micro-Descomposicioén; Banco
de la República: Cartagena, Colombia, 2009; No. 111.

41. Gimenez, G. The human capital endowment of Latin America and the Caribbean. CEPAL Rev. 2005, 86, 97–116. Available online:
https://repositorio.cepal.org/handle/11362/11094 (accessed on 1 June 2022). [CrossRef]

https://repositorio.cepal.org/handle/11362/11094
http://doi.org/10.18356/f43faaa5-en

	Introduction 
	Materials and Methods 
	Data 
	Descriptive Analysis 
	Existence of Agglomeration 
	Proposed Model 

	Results 
	Discussion 
	Conclusions 
	Appendix A
	References

