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Abstract: This study seeks to measure the degree of agglomeration of educational quality in Colom-
bia, based on the non-socialization of the population that exhibits low educational quality, with the
population that exhibits high educational quality, and thus determine how such agglomeration af-
fects 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 to the phenomenon of educa-
tional agglomeration. The level of agglomeration in educational quality in Colombia is demon-
strated by the calculation of the Moran’s Index, in which a result of 0.62 was obtained. High educa-
tional 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 have all 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.
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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 iden-
tify both the strengths and weaknesses of the system, which provides feedback for educa-
tional 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
identification of factors associated with academic performance (see Castro, et al. [2];
Ayala, et al. [3]; Sanchez [4]); educational gaps estimates (see Castro, et al. [5]; Carcamo
and Mola [6]) and efficiency studies (see OECD [7]). Results of the evaluations also serve
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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; this is, 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 since the results obtained in previous studies focus
on the effectiveness or the determinants of school performance, leaving aside a feature
that little has been addressed 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 segrega-
tion is scarce.

The main results were found, through the Moran’s Index, that there is a spatial cor-
relation 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.
area (Bogot4, Medellin and Cali), while low educational quality is concentrated in the pe-
riphery 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 cover-
age 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 ed-
ucation 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].

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.
Arcidiacono, 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 consider worrying the non-migration of eco-
nomically disadvantaged students to private schools that exhibit a higher educational
quality. 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 Barrientos [11]
identified that the characteristics of the parents have a significant influence on the perfor-
mance of the students and that the positive relationship between the features of the
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educational facility and the 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 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.
Rodriguez, et al. [15] highlight that the quality of life and well-being are dimensions di-
rectly 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 teach-
ers than the rural ones, contributing to an increase its students’ achievement. Finally,
Giménez and Barrado [17] 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 ac-
ademic achievement. This effect is particularly important in the case of students attending
schools situated in districts with a 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 [18].

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 identify the factors that influence the quality of educational
systems or illustrate the effect that agglomeration and segregation have on school perfor-
mance 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 the use of information and in the 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 num-
ber 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 Colom-
bia 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 [19]). 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 de-
partments.

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. [20] and performing the aggrega-
tion of the score at the department level through the empirical Bayesian estimation of La-
jaunie [21]. As inputs, we include variables on the individual characteristics of the student,
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 ini-
tials —. The contextual variables of the departments (homicide rates and socioeconomic
stratum) are obtained from the same databases of the DANE and from the National Police.
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This allows, on the one hand, to identify if the agglomeration of educational quality is
generating academic segregation, and on the other, to establish which are the main socio-
economic 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 ap-
plied by the ICFES to seniors and assesses the average educational achievement of a stu-
dent 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 fol-
lowing 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 [19]).

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 infor-
mation on the results of the students on the SABER11 tests is collected for the two semes-
ters 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 politi-
cal 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 semes-
ters 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 varia-
bles. 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 pro-
vided 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

Error! Reference source not found. 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. Re-
garding the global score, the average for Colombia stood at 238.3 points for the year 2018.

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 repre-
sentative strata are stratum 2 and stratum 1, with a proportion of 37.23% and 33.24% re-
spectively. 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
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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, the unsatisfied basic needs are 31.95 on average.

Table 1. Descriptive Statistics.

Variables Percentage/Average [95% CI] Spearman coefficient

Test scores (By area)

Global Score 238.31 [237.13 - 239.501
Mathematics Score 47.96 [47.68 - 48.251
Critical Reading Score 49.91 [49.70 - 50.131
Natural Science Score 47.46 [47.22 - 47.701
Social Science Score 45.51 [45.27 - 45.751
English score 47.03 [46.80 - 47.261
Gender
Male 46.06% [45.93 — 46.191 -0.0169
Female 53.93% [53.80 — 54.061 -0.0062
Strata
Stratum 1 33.25% [33.12 - 33.381 -0.1008
Stratum 2 37.23% [37.10 — 37.361
Stratum 3 21.12% [21.01 —21.231 -0.0102
Stratum 4 521% [5.151 - 5.2731 -0.1433
Stratum 5 2.00% [1.967 —2.0441 -0.1613
Stratum 6 1.17% 1.143 - 1.2021 -0.1734

Education of the mother

None 2.29% [2.256 —2.3371 -0.3046
Incomplete primary school- 15.41% [15.32-15.51] -0.0414
Complete primary schooling 10.98% [10.90 — 11.06] 0.0868
Incomnlete high school 15.01% [14.92 - 15.111 -0.0244
Complete high school 25.61% [25.49 —25.731 0.0277
Incomplete technical or 2.98% [2.936 —3.0271 0.0532
Complete technical or techno- 9.99% [9.911 - 10.071 0.0290
Incomplete undereraduate 2.40% [2.364 —2.4471 0.0941
Complete undereraduate stud- 10.89% [10.81 - 10.971 0.0281
Graduate studies 2.42% [2.382 —2.4651 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 —3.6391 -0.2759
Incomplete primarv school- 19.59% [19.47 — 19.691 -0.0007
Complete primarv schooling 10.96% [10.87 — 11.041 0.1195
Incomnlete high school 13.95% [13.85—14.031 -0.0239
Complete high school 22.06% [21.94 —-22.161 -0.0021
Incomplete technical or tech- 2.01% [1.978 —2.0531 0.0537
Complete technical or tech- 6.76% [6.696 — 6.8311 0.0264
Incomplete  undergraduate 1.93% [1.901 —1.976] 0.0671
Complete undereraduate 9.48% [9.406 — 9.5641 0.0014

Variables Percentage/Average [95% CI]  Spearman correlation
Graduate studies 2.21% [2.178 —2.258] 0.1558
Not applicable 1.03% [1.006 — 1.0611 0.1071
Does not know 6.38% [6.314 — 6.4461 0.0843

Characteristics of the house-
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Household size

1to2 7.46% [7.399 — 7.5391 0.0166
3to4 48.39% [48.26 — 48.521 0.1026
5t06 32.06% [31.93 —32.181 -0.0235
Tto8 8.59% [8.524 — 8.6731 -0.1885
9 or more 3.58% [3.425 - 3.5221

Has access to the internet 59.72% [59.58 — 59.851 0.1141

Does not have access to the 40.27% [40.14 — 40.411 -0.0848

Has a TV 77.25% [77.13 —77.361 0.0033

Does not have a TV 22.74% [22.63 —22.861 -0.0289

Has a computer 58.78% [58.65 - 58.911 0.1294

Does not have a computer 41.21% [41.08 — 41.341 -0.1143

Characteristics of the munici-

pality
Homicides 14.62 [10.48 — 18.771 -0.0247
Urbanization Rate 0.41 [0.396 — 0.4251 0.1091
Oualitv of life index 61.40 [60.75 — 62.051 0.4404
Fiscal Performance Index 56.91 [56.22 — 57.601 0.3371
Unsatisfied Basic Needs 31.95 [30.74 - 33.171 -0.5554

Error! Reference source not found. shows the spatial distribution of the scores. When
analyzing their geographical 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 gotten by students in the periphery of the country: Pacific region, Am-
azon region, part of the Eastern Plains and the Pacific Coast. The distribution presented
may indicate the presence of agglomeration of educational quality, however, this hypoth-
esis will be corroborated with formal tests.

Score Math Score Reading Score Matural Sciences

Score Social Sciences Score English

-

Figure 1. Spatial distribution of scores obtained by evaluated area.

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 5 quantiles, obtaining the map of Error!
Reference source not found., in which the existence of educational agglomeration can be
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clearly observed. The high scores are concentrated in the Andean region of the country,
while low scores are located in the peripheral area.

[169.827 - 221.653] (221)
[221.733 - 235] (222)
[235 129 - 244 446] (221)

I (244 545 - 254 576] (222)

I (254.600 : 320.500] (221)

Il undefined (9)

Figure 2. Spatial distribution of the Global Score.

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 mu-
nicipalities. The Moran’s I can be classified as positive, negative or without spatial auto-
correlation, 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 got a
result of 0.642 for Moran’s I, which supports the hypothesis of the existence of agglomer-
ation in Colombia (Error! Reference source not found.).

Macan's & 0842 g

Lagged_Score_G

i Score_G

Figure 3. Calculation of the Moran’s Index for educational quality.

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 posses-
sion) 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 high-
lighted as academic success determinants in Section 2:

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.
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This rate reflects the pressure that the municipal seat exerts on the territory of the munic-
ipality, on its natural resources as well as on the characteristics that are typical of the mu-
nicipality. 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 condi-
tions 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 pop-
ulation qualified as poor. The dimensions considered in this variable are inadequate
housing, critically overcrowded housing, housing with inadequate public services, hous-
ing 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 ex-
pected to be.

Homicides by municipality: This variable measures the number of intentional hom-
icides in each municipality, 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 edu-
cational 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 finan-
cial 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
Colombia and the socio-economic variables that may affect it, the statistical model pro-
posed is:

y=pWy+Xp+e¢ @

Where y is a vector (Nx1) of the N observations of the dependent variable, W rep-
resents the spatial weight matrix, p is the autoregressive parameter that captures the in-
tensity of the interdependencies between the N sample observations (spatial autocorrela-
tion coefficient), Wy is the spatial delay of the variable y, X is a matrix of k exogenous
variables, and &€ is a term for white noise disturbance. This methodology allows 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:

SCOTeij = pVVi}'SCOTBU + BO + ﬁlURBRU + BZQLIU + B3UBNU + B4H0micidesij + BSFPIL] + Si]' (2)

Where Score is the scores obtained in each of the areas evaluated by the ICFES (Math-
ematics, Critical Reading, Natural Science, Social Science, English and the Global Score),
B_o is the functional intercept of the model, pW;; is the spatial lag operator, which is
formed by defining the corresponding neighbor of each department as a new column with
anon-zero element, (W ;) as a matrix of spatial weights, having as characteristics a positive
and non-stochastic 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 Perfor-
mance Index and g;; is the error term associated with the model.
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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 re-
sults:

Table 2. Significance of regression coefficients.

Critical Read-  Social Natural Sci-

Global Mathematics . English
ing Science ence
. 0.1362%*

Spatial lag 0.0944*** 0.1367*** 0.0596**  0.0784*** 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.

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).

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 regres-
sion, 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 ap-
proximately 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 ad-
ministrative 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. Fi-
nally, 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 sig-
nificant in both. The quality of life index, the unsatisfied basic needs and the fiscal perfor-
mance 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 re-
sults indicate a negative relationship, that is, if the number of homicides in the municipal-
ities increases by one person, it is expected that the educational quality (taking the math-
ematics 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.
Agglomeration conditions school academic performance (relationship estimated between
the urbanization rate and SABER11 test scores) and, therefore, affects the success of the
Colombian educational system. These results coincide with those found by Arango et al.
[22].

The results of the paper are novel since studies dealing with the phenomenon of seg-
regation and its relationship with development focused on factors other than spatial ag-
glomeration. Specifically, other factors identified by previous studies were:

1. Gender: this is attributed to the process of socialization to which young peo-
ple 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
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gender identity [23], [24]. Stereotypes are generated that impact their formal
educational process [25]-[27]

2. Ethnicity: resulting from the concentration of a population minority. In the
case of Colombia, the indigenous population presents low school perfor-
mance [28], [29], and suffers labor discrimination [30].

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 devel-
opment possibilities of the student body, particularly the most vulnerable
students [31], [32], leading them to poor school performance [33].

4. Social discrimination: in which the student body is "separated" by their ori-
gins or social classes. At this point, findings show that private schools con-
centrate on upper and upper-middle-class students and have even more
qualified teachers, which reflects higher academic performance in students,
widening educational inequalities between public and private schools, and
negatively affects the most vulnerable groups [12], [34]-[37].

5. Conclusions

The results obtained show that there is indeed educational agglomeration in Colom-
bia, 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 in the periphery of the country.

The methodology proposed here also made it possible to locate clusters of educa-
tional 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 con-
clude 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 since it is found that most of the municipalities with
low educational quality are surrounded by municipalities that also show low educational
quality, and on the other hand, most of the municipalities with high educational quality
are surrounded by municipalities that also have high educational quality.

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 phenome-
non 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 coun-
try, and greater peace of mind for a society in this regard could positively affect the edu-
cational 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 function-
ing, 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
Specification of the regression models

Global = Mathematics Crltlc;igRead- Social Science Natural Science English
R2 0,4839 0,4138 0,5471 0,5060 0,4143 0,5256
Breusch-Pagantest 155 0,00000 0,00000 0,00247 0,00038 0,35307
(p-value)

Significance of

spatial depend- 0,00000 0,00000 0,00045 0,00012 0,00000 0,00000
ence
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