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Abstract

Objective: To conduct a study based on spatial data analysis to characterize academic performance in the
five competencies of the Saber Pro tests, carried out by students of Systems Engineering and related
programs in the departments of the Colombian Caribbean. Methodology: For the development of this
research, a four-phase adaptation of the CRISP-DM methodology was utilized: F1. Business and data
understanding, F2. Data preparation, F3. Modeling, F4. Evaluation and analysis. Results: As a result, the
analysis of quantiles identified the departments in the Caribbean coast with the highest and lowest
performance across the five areas of the test. Additionally, spatial regression analysis was used to
determine the correlation among the five competencies of the test. Finally, spatial clustering analysis
identified groups of departments that collectively achieved the best and worst results. Conclusions: the
results obtained in this study are intended to guide strategic decision-making aimed at improving the
quality of education in the Colombian Caribbean coast. Furthermore, the proposed study serves as a
foundation for extrapolating spatial data analysis to other regions and specific levels of the Saber tests.

Keywords: Spatial analysis, spatial correlation, spatial data, saber pro tests, academic performance.

Resumen

Objetivo: Conducir un estudio basado en andlisis espacial de los datos para la caracterizacion del
rendimiento académico en las cinco competencias de las pruebas saber Pro, por parte de los estudiantes
de carreras de Ingenieria de Sistemas y afines en los departamentos del caribe colombiano. Metodologia:
Para el desarrollo de la presente investigacion se hizo uso de una adaptacion a 4 fases de la metodologia
CRISP-DM: F1. Entendimiento del negocio y de los datos, F2. Preparacion de los datos, F3. modelado, F4.
Evaluacién y andlisis. Resultados: Como resultado, se obtuvo mediante analisis de cuantiles los
departamentos de la costa caribe con mejor y peor rendimientos en las 5 areas de la prueba. Asi mismo,
mediante analisis de regresion espacial se determind la correlacion entre las 5 competencias de la prueba.
Finalmente, mediante andlisis de clustering espacial se determinaron los grupos de departamentos que
obtuvieron en conjunto los mejores y peores resultados. Conclusiones: Los resultados obtenidos en este
trabajo pretenden servir de guia para la toma de decisiones estratégicas que contribuyan a mejorar la
calidad de la educacion en la costa caribe de Colombia. Asi mismo, el estudio propuesto sirve de base para
extrapolar el andlisis espacial de los datos en otras regiones y niveles especificos de las pruebas saber.

Palabras claves: Analisis espacial, correlacion espacial, datos espaciales, pruebas saber pro, rendimiento
académico.
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Spatial analysis of academic performance in the areas of systems and telematics in the Saber Pro tests in the
Colombian Caribbean

Introduction

Educational policies outlined by the Colombian Ministry of National Education and
the ICFES (Colombian Institute for the Evaluation of Education) have as their
primary purpose the development of academic competencies at different
educational levels, from basic to higher education [1]. This is based on the
understanding that the development of these competencies contributes to a
successful professional life and the progress of society. In accordance with the
above, one of the key indicators in Colombia for evaluating the development of
academic competencies in different disciplines and consequently the quality of
education are the results of students from different academic levels on the Saber
Pro exams [2]. The results obtained on the Saber Pro exams serve as a diagnosis to
identify the strengths and weaknesses of students in different areas, so that
educational institutions can obtain feedback on curricular aspects that allow them
to make strategic decisions focused on improving the effectiveness of the teaching-
learning process [3,4].

In Colombia, the ICFES is the government institute responsible for the design,
administration, and evaluation of the Saber Pro exams at the basic education level
(grades three and five), the middle education level (grades nine and eleven), and
the higher education level [5]. The Saber Pro exams assess the generic and specific
competencies of each undergraduate program and are applied when university
students have completed at least 75% of the program credits and are a graduation
requirement [6,7,8]. In this sense, according to [9], the Saber Pro exams are a set of
instruments that the Colombian state uses to evaluate the quality of formal
education received by students who complete the different professional academic
programs in Higher Education Institutions. In addition to promoting the
improvement of higher education [10], the importance of the Saber Pro exams lies
in the fact that they are a fundamental tool for evaluating the key competencies
that affect the preparation of future professionals for their insertion into the labor
market, so that by evaluating academic, cognitive, and professional skills, these
evaluations provide a panoramic view of the students' ability to face the challenges
of the workplace [11].

Several studies have been conducted from the field of data science for the
characterization of academic performance, specifically regarding the analysis of the
results of the different variants of the Saber tests. In [12], a study based on spatial
analysis of data on the Saber 5 test dataset from 2019 at the national level is carried
out, obtaining as results the areas with the highest spatial correlation and the
departments with the best overall results in the different competencies. In [13], a
study based on data mining and machine learning is carried out in order to
determine the socioeconomic factors that affect the performance of students in
the Saber Pro tests in the reading and writing skills. In [14], a supervised learning
model supported by decision tree algorithms is applied in order to detect the
factors associated with the academic performance of 11th grade students at the
national level who took the Saber 11 tests between 2015 and 2016. Similarly, in [15]
a decision tree model is applied for the characterization and obtaining of the
factors that affect the performance of Colombian students in the engineering
faculties in the Saber Pro tests between the years 2012 and 2074. In the same sense,
in [16] the decision tree model was used to determine the factors that affect the
performance of students in the 11th grade at the national level in the reading
comprehension skill, obtaining as main attributes age, stratum, school day and ICT
conditions of the student. In [10] a study is developed on the Saber Pro tests of
engineering students in Antioquia from a dataset with 108 academic, economic and
sociodemographic variables, which had 3 fundamental objectives: to group the
types of students, to select the factors that have the most impact on performance
in the tests and predict performance in the tests from the selected variables. In [17]
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the decision tree model was used to determine the patterns associated with the
academic performance of students at the Javeriana University of Cali in the years
2017 and 2018 at the level of generic competencies. In [18] data mining techniques
and specifically the decision tree model were applied in order to determine the
factors that affect the interaction of students in the virtual English distance course
of the National University of Loja, between the years 2013 and 2014. In [19] a logistic
decision tree model was used to characterize the factors that affect the
performance of students entering computer science careers in the admission
exams of the Autonomous University of Yucatan, in order to contribute to the early
detection of academic risk. In [20] data mining techniques and specifically decision
tree models are applied in order to characterize and determine the main factors
that have an impact on student dropout in higher education institutions in Bogota.

Upon reviewing the previous studies, it is evident that most of them have focused
on the characterization and analysis of the academic performance of students of
different educational levels using data mining and machine learning techniques,
without addressing the spatial data analysis approach. Likewise, regarding the
studies that analyze the results of the Saber tests, no research has been identified
that focuses on the analysis of student performance in different levels for the
context of the Colombian Caribbean coast. Finally, the work that analyzes the Saber
tests through spatial data analysis focuses on the national context and on the
Saber 5 tests. Therefore, the main contribution of this work is the conduction of a
study based on spatial data analysis on the results of the Saber Pro tests for the
year 2022, focusing on students whose undergraduate degree is in the common
core of systems engineering, telematics, and related fields in the context of the
Colombian Caribbean coast.

Spatial data analysis encompasses a diverse set of techniques and models that rely
on the geospatial location of data, with the focus on understanding and leveraging
the spatial relationships and interactions between cases. This type of analysis
involves the use of tools such as spatial correlation to identify patterns of
association between variables in space, quantile analysis to examine the spatial
distribution of values, and spatial clustering to group geographic areas with similar
characteristics [21,22,23].

The proposed study was developed based on the creation of a dataset derived from
the national Saber Pro test dataset. Using the advantages of the Python pandas
library, each competency was categorized into four levels and a percentage count
was made of the students from each department in the Colombian Caribbean coast
who fell into each category. Similarly, geospatial data were linked to the dataset
using the free QGIS tool. Spatial analysis was developed using the GeoDa tool and
allowed to obtain, in the first instance, the spatial correlation between the five
competencies evaluated in the test, as well as the quantile analysis for these five
areas in their best and worst performances. In the same way, the study included
the application of spatial clustering models relating different areas in their best
and worst performances, in order to determine the departments that together had
the best results in the test competencies. The results obtained are intended to
serve as a reference for decision-making by government entities and higher
education institutions in the Colombian Caribbean coast, with a view to improving
the quality of education in this region. Likewise, the methodological phases used
in this research can be extrapolated to other application contexts, in order to
expand the number of research projects in Colombia from the perspective of spatial
data analysis.

The remainder of the article is structured as follows: The next section outlines the
methodology employed in this research. Subsequently, the results and discussion
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of the study are presented, including spatial regression analysis among the five
competencies evaluated in the test, as well as quantile analysis for each
competency and the developed clustering analysis. In this context, the discussion
of the results is also compared with findings from other studies in the field. Finally,
the concluding section presents the conclusions and future research directions
stemming from this study.

Methodology

For the development of this research, an adaptation of the CRISP-DM (Cross-
Industry Standard Process for Data Mining) data mining methodology was made
into four phases: P1. Business and data understanding, P2. Data preparation, P3.
Modeling, P4. Evaluation and analysis of results (see Figure 1). The CRISP-DM
methodology represents a robust and structured framework that allows guiding the
data mining process from business understanding to the implementation of
solutions in different application domains. Thus, it has been widely adopted in the
data science community, providing a coherent and replicable structure to address
the complex challenges inherent in data analysis and informed decision-making
[24,25,26, 27].

Figure 1. Methodology considered

P1. Business ’

and data
understanding

P2. Data
preparation

F4. Evaluation
and analysis of F3.Modeling

results ‘

In Phase 1 of the methodology, the dataset with the national results of the Saber
Pro tests from the year 2018 to the year 2022 was downloaded from the open data
portal, and the exploration and identification of the instances and attributes that
made up the dataset were carried out. This dataset is made up of a total of 1,217,482
instances and 57 attributes, which, in addition to the scores corresponding to the 5
academic competencies (quantitative reasoning, written communication, English,
critical reading, and civic competencies), include a set of social, demographic, and
economic variables associated with each student (see Table 1). In Phase 2, from the
explored dataset, the instances belonging to the year 2022 and corresponding to
the 7 departments of the Colombian Caribbean coast were first filtered using the
Python Pandas library.

Source: own elaboration

Table 1. Columns of the resulting dataset

Columns Description

State Corresponds to one of the seven states considered in the study:

Atlantico, Bolivar, Cesar, Cordoba, La Guajira, Magdalena and Sucre.

Revista Investigacion e Innovacion en Ingenierias, vol. 13, n°1, pp. 1-14, 2024 DOI: 10.17081/invinno.13.1.7561


https://doi.org/10.17081/invinno.13.1.7561

Gabriel Elfas Chanchi Golondrino, Manuel Alejandro Ospina Alarcon, Javier Antonio Pin

English_A1, English_A2, Corresponds to the percentage of students in each department
classified in categories A1, A2, B1 and B2 in the area of English.

English_B1, English_B2 These categories are specified by the international exams.

Raz_Cuan_B, Raz_Cuan_M1, Corresponds to the percentage of students in each department
classified in the low (B), medium-low (M1), medium-high (M2) and

Raz_Cuan_M2, Raz_Cuan_A high (A) categories in the area of quantitative reasoning.

Com_Es_B, Com_Es_M1, Corresponds to the percentage of students in each department
classified in the low (B), medium-low (M1), medium-high (M2) and

Com_Es_M2, Com_Es_A high (A) categories in the area of written communication.

Lec_Crit_B, Lec_Crit_M1, Corresponds to the percentage of students in each department
classified in the low (B), medium-low (M1), medium-high (M2) and
Lec_Crit_M2, Lec_Crit_A high (A) categories in the critical reading area.

Comp_C_B, Comp_C_M1, Corresponds to the percentage of students from each department
classified in the categories low (B), lower-middle (M1), upper-

Comp_C_M2, Comp_C_A middle (M2), and high (A) in the civic competencies area.

Global_B, Global_M1, Corresponds to the percentage of students from each department
classified in the categories low (B), lower-middle (M1), upper-

Global_M2, Global_B middle (M2), and high (A) in the global score.

Source: own elaboration

Likewise, the instances corresponding to students belonging to the common core of Systems
Engineering, Telematics, and Related Fields were filtered, so that a total of 1,263 instances
were obtained in total. Once the instances of interest were filtered, the grouping or counting
of the instances for the 7 departments of interest was carried out. Subsequently, the columns
or attributes of the dataset that do not correspond to the scores in the 5 evaluated
competencies and the global score were eliminated. Thus, with the score columns, a
categorization process to 4 levels is carried out (low (B), lower-middle (M1), upper-middle
(M2), and high (A)) and the One Hot Encoding coding method is applied. In this way, each of
the 4 levels corresponding to the 5 competencies and the global score of the test will have
its own column (see Table 1). It is worth mentioning that for the English area, the
categorization that the dataset included by default was used, which corresponds to the
levels used by international exams. Finally, using the free QGIS tool, the data is
georeferenced and exported to the .shp format, which is compatible with the GeoDa data
spatial analysis tool.

In phase 3, based on the dataset formed, the following analyses were conducted: spatial
correlation analysis among the variables of the dataset at high and low levels, analysis by
quantiles of each competency at high and low levels, and clustering analysis relating the
variables of the dataset, considering high and low levels. Finally, in phase 4, the analysis of
the results obtained in the evaluated competencies was performed, taking into account, in
the case of spatial correlation, the coefficient of self-determination.

Results

After the spatial dataset for the Caribbean coast was created with the percentage
level of each of the levels of the 5 evaluated competencies in the students of the
common core of telematics and related fields, the dataset was loaded into the free
Geoda tool (see Figure 2) and the correlation analysis was carried out in the first
instance between the variables for the high and low levels of the different
competencies.
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Figure 2. Special analysis dataset of the data loaded into the GeoDa tool
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Thus, Figure 3 shows the scatter plots that allow identifying the spatial correlation
be-tween the 5 evaluated competencies in their high level (A), as well as the
determination coefficient obtained by applying the linear regression model
between the different areas.

Figure 3. Spatial correlation between high levels of the 5 competencies

o4
3]

o II

0.635 0.070 0.713

Ingles_B2
10
s

o~
5 o o 0.925
§ 0.635 0.229
o F A o e o g,

o o o o

-
e . 0.070 L 0.229 . 0178 . 0.088
WJI o o =] o
I M / / f
5 | o ~ :

] o (=] -] <]

o
< - ° 0.930 °
. 0713 0.178 0937
o 24 4
g o 9”0 A /

o | e E

< o

v 0.640 0.937

=) 0.088

a -

§ - o

L5] 4 < /

v % &
r T T T R T T T — T T T T T T T T T T T T T
-2 4 0 16 22 -2 8 18 28 3 -03 13 28 0 8 M 24 32 44 5 11 1723
ingles_B2 Raz_Cuan_A Com_Es_A Lec_Crit_A Comp_C_A

Source: own elaboration

As observed in Figure 3, the English (B2) area exhibits the best correlation with the
critical reading area, with a determination coefficient of 0.713. Similarly, the
quantitative reasoning area presents the best correlations with the civic
competencies and critical reading areas, with respective determination coefficients
of 0.925 and 0.930. On the other hand, the written communication area does not
present a representative correlation with any of the areas, with the highest
determination coefficient being 0.229, corresponding to the quantitative reasoning
area. Similarly, at the level of the critical reading area, it presents the best
correlations with the civic competencies and quantitative reasoning areas, with
respective determination coefficients of 0.937 and 0.930. Finally, regarding the civic
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competencies area, it presents the best correlations with the critical reading and
guantitative reasoning areas, with respective values in the determination
coefficient of 0.937 and 0.930. Thus, it can be concluded that the best correlations
occur between the quantitative reasoning and critical reading areas, quantitative
reasoning and civic competencies, and civic competencies and critical reading, in
all these cases with values greater than 0.925 in the determination coefficient. This
indicates that there is a direct relationship between the mentioned areas at the
high-performance level, such that they can be used to predict performance.

Furthermore, Figure 4 presents the scatter plots that allow identifying the
correlation between the 5 evaluated competencies in their low level (B), as well as
the determination coefficient obtained by applying the linear regression model
between the different areas.

Figure 4. Spatial correlation between low levels of the 5 competencies
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As can be observed in Figure 4, the English area (A1) does not exhibit a significant
cor-relation with any of the remaining four areas, with the highest coefficient of
determination being 0.562 for critical reading. Similarly, at the quantitative
reasoning level, the best correlation is found with the written communication area,
with a coefficient of determination of 0.817. Likewise, for the written communication
area, the best correlation is also found with the quantitative reasoning area, with a
coefficient of determination of 0.817. On the other hand, for the critical reading
area, the best correlation is found with the written communication area, with a
coefficient of determination of 0.776. Finally, the civic competence area does not
exhibit a significant correlation with the remaining four areas, with the best
correlation being found with the critical reading area, with a coefficient of
determination of 0.634. It can be observed that the best correlation for the low level
is found between the written communication and quantitative reasoning areas,
with a coefficient of determination of 0.817. Thus, it can be stated that students who
had low performance in written communication also had low performance in
guantitative reasoning.

Furthermore, Figure 5 presents the analysis by three quantiles for the high level in
each of the five competencies evaluated, as well as for the overall score obtained
on the test.
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Figure 5. Analysis of 3 quantiles for the high level of the 5 competencies
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For the English area at the high level (B2), it can be observed that the departments
with the highest percentage of students in this category are Atlantico and
Magdalena, with a percentage around 19%. Likewise, the departments with the
lowest percentage of students in this category are Sucre and Guajira, with a
percentage lower than 1.3%. The remaining three departments (Bolivar, Cesar, and
Cordoba) are in an intermediate quantile, with a percentage ranging from 4.170% to
10.930%. With regard to the quantitative reasoning area, the departments with the
highest percentage of students at the high level were Atlantico and Magdalena, with
a percentage between 21.7% and 36.6%, while the departments with the lowest
percentage of students in this category are Sucre and Bolivar, with a percentage
lower than 9.3%. The remaining three departments (Guajira, Cesar, and Cordoba)
are in the intermediate quantile in this area, with a percentage ranging from 9.6%
to 18.9%. Similarly, with regard to the written communication area, it can be
observed that the departments with the highest percentage of students in this
category are Atlantico and Guajira, with percentages between 2.1% and 2.7%, while
the departments with the lowest percentage of students in this category are Bolivar
and Sucre, with a percentage lower than 0.4%. Likewise, the remaining three
departments (Cesar, Magdalena, and Cordoba) are in an intermediate quantile in
this area, with a percentage ranging from 1.1% to 1.6%. Similarly, in the critical
reading area, it can be observed that the departments with the highest percentage
of students in this category are Atlantico and Magdalena, with percentages between
16.8% and 29.27%, while the departments with the lowest percentage of students in
this category are Sucre and Cordoba, with a percentage lower than 5.4%. The
remaining three departments (Guajira, Cesar, and Bolivar) are in an intermediate
guantile in this area, with a percentage between 8.9% and 10%. On the other hand,
in the civic competence area, it can be observed that the departments with the
highest percentage of students in this category are Atlantico and Magdalena, with
percentages between 10.9% and 23.6%, while the departments with the lowest
percentage of students in this category are Guajira and Sucre, with a percentage
lower than 2.7%. Likewise, the remaining three departments (Bolivar, Cordoba, and
Cesar) are in an intermediate quantile in this area, with percentages between 3.2%
and 7.8%. Finally, the overall score has a distribution equal to the results of
guantitative reasoning, so that the departments with the best overall percentages
in this category are Atlantico and Magdalena, while the departments with the lowest
overall percentage in this category are Bolivar and Sucre. It is worth mentioning
that the department of Atlantico appears in all 5 skills with the best percentages,
while the department of Magdalena appears in 4 of 5 skills with the best
percentages. Finally, the department of Sucre appears in all 5 skills with the lowest
percentage in the analyzed category.
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In the same vein, Figure 6 presents the analysis at 3 quantiles for the low level in
each of the 5 skills assessed in the test, as well as for the overall score obtained in
the test.

Figure 6. Analysis of 3 quantiles for the low level of the 5 competencies
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In the case of the English area at the low level (A1), it can be observed that the
departments with the highest percentage in this category are Bolivar and Cordoba,
with a percentage between 8.5% and 12.08%, which are in the intermediate quantile
at the high level. Similarly, with regard to the quantitative reasoning area at the low
level, the departments with the lowest percentage in this level are also Bolivar and
Cordoba, with a percentage between 83% and 10.5%, which are in the lowest
quantile and in the intermediate quantile at the high level, respectively. Thus, the
department of Bolivar is the one that has the highest percentage of students at the
low level and the lowest percentage of students at the high level for the
guantitative reasoning area. On the other hand, regarding the written
communication area, the departments of Bolivar and Cérdoba are the ones that
have the highest percentage of students in this category, with a percentage
between 30% and 30.8%, which are in the lowest quantile and in the intermediate
quantile at the high level, respectively. This indicates that the department of Bolivar
is the one that has the highest percentage of students at the low level and the
lowest percentage of students at the high level for the written communication area.
Thus, the department of Bolivar is the one that has the highest percentage of
students at the low level and the lowest percentage of students at the high level
for the written communication area. Regarding the critical reading area, the
departments of Bolivar and Cordoba also have the highest percentage of students
in this category, with a percentage ranging from 8.75% to 11.34%, which are in the
intermediate and low quantiles at the high level, respectively. This indicates that
the department of Cordoba has the highest percentage of students at the low level
and the lowest percentage of students at the high level for the critical reading area.
Similarly, for the civic competence area, the departments with the highest
percentage of students at the low level are Bolivar and Sucre, with percentages
between 20% and 23.5%, which correspond to the intermediate and low quantiles
at the high level, respectively. Finally, regarding the overall score, it is important to
mention that it has a distribution equal to the results of the critical reading area,
so that the departments with the best overall percentages at the low level are
Bolivar and Cordoba. It is worth mentioning that the department of Bolivar appears
in all 5 skills with the highest percentages at the lowest level, while the department
of Cordoba appears in 4 of 5 skills with the best percentages at the lowest level.

On the other hand, when performing the spatial clustering analysis based on the
KMeans model with 3 centroids for the high level of the dataset (see Fig. 7), it is
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obtained that cluster 1 includes in its centroid the lowest percentages in 3
(quantitative reasoning, written communication, and critical reading) of the 5 skills
and the intermediate percentage in civic skills and english, being associated with 4
departments namely: Bolivar, Sucre, Cesar, and Cordoba. Likewise, cluster 2
includes in its centroid the highest percentages in 4 (english, quantitative
reasoning, critical reading, and civic skills) of the 5 skills and the intermediate
percentage in the written communication area, being associated with the
departments of Atlantico and Magdalena. Finally, cluster 3 includes the lowest
percentages in 2 (English and civic skills) of the 5 skills, the intermediate percentage
in 2 of the 5 skills (quantitative reasoning and critical reading), and the highest
percentage in the written communication skill, being associated with the
department of La Guajira.

Figure 7. Analysis of 3 clusters for the 5 competencies evaluated at high level
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On the other hand, when performing the spatial clustering analysis based on the
KMeans model with 3 centroids for the low level of the dataset (see Figure 8), it is
obtained that cluster 2 is the one that includes in its centroid the highest
percentages in the low level for the 5 skills assessed and corresponds to the
departments of Bolivar and Cordoba, which is con-sistent with the results obtained
in the quantile analysis. On the other hand, it is important that cluster 3 includes
in its centroid the lowest values in the percentages of the low level and
corresponds to the department of Atlantico, which is consistent with the quantile
anal-ysis carried out.
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Figure 8. Analysis of 3 clusters for the 5 competencies evaluated at the low level
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As for the discussion of the results, it is worth mentioning that the results obtained
in this study are of great relevance compared to those proposed in [12]. This study
specifically focuses on the characterization of the Saber Pro test results for the
Colombian Caribbean coast, considering the percentage of students at different
levels of the skills instead of the student count. This approach provides a more
accurate analysis that is independent of the demographic density of each
department. Moreover, unlike the studies proposed in [13] and [15], which use data
mining and decision tree models to identify the factors that influence student
performance in the Saber Pro tests, this article offers a new approach based on
spatial analysis. This approach aims to identify the spatial correlation existing by
areas in the different departments of the Caribbean coast, as well as the best and
worst performances for each evaluated skill.

Conclusion

Considering that in the field of data science, various studies have focused on
identifying the factors that influence student performance on the Saber tests, this
article presents a new approach based on spatial data analysis. This approach aims
to determine the Caribbean coast departments that exhibit a higher correlation in
the different performance levels for each skill. This work intends to serve as a
reference for making strategic decisions aimed at improving the quality of higher
education in the Caribbean coast.

This study demonstrated the relevance of using free and open-source software
tools for conducting spatial data analysis studies. The pandas library proved to be
suitable for filtering, counting, and grouping data by department from the original
Saber Pro test dataset. Likewise, the QGIS tool proved to be suitable for
georeferencing the data and creating the dataset in .shp format, which is
compatible with the GeoDa tool. Finally, the GeoDa tool proved to be useful in
applying different spatial methods such as correlation analysis, quantile analysis,
and clustering analysis.

Regarding the results obtained in the spatial study for students in the Caribbean
coast of Colombia in the area of systems engineering, telematics, and related fields,
it is noteworthy at the high level that the best correlations occur between the areas
of quantitative reasoning and critical reading, quantitative reasoning and civic
skills, and civic skills and critical reading, in all these cases with values exceeding
0.93 in the coefficient of determination. Similarly, regarding the quantile analysis
for the high level, it is important to highlight that the department of Atlantico
appears in the 6 skills with the best percentages, while the department of
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Magdalena appears in 5 of 6 skills with the best percentages. Finally, regarding the
clustering analysis, it is important to conclude that the departments of Bolivar and
Cordoba appear in the cluster with the highest percentages of students at the low
level.

As a derivative work of this research, it is intended to extrapolate the present study
to other regions of the country and at the national level, in order to contrast the
percentages of student distribution obtained in each of the 5 evaluated
competencies. Similarly, following the methodology and tools considered, it is
intended to extrapolate the present study to the other variants of the Saber tests
in the different educational levels.
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