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Abstract. University students from all academic programs and institutions
of higher education in Colombia are evaluated through standardized tests
that measure general and specific competencies according to the academic
level (professional, technical). One of these tests corresponds to the called
Saber Pro, where undergraduate students from all disciplinary areas are
evaluated in two modules: generic (or basic) and specific competencies,
which are related to evaluation, learning and teaching. The objective of this
study is to carry out an analysis of the characterization of the population
and the results that took the exam in 2019. The group correspond to
teachers training in academic undergraduate programs in natural sciences
and environmental education. The methodology carried out was the
documentary analysis of the databases where we can find the results of this
test for the study of population, the analysis of the results was carried out
by qualitative and quantitative approach. Seventeen universities in the
country of official and private origin were found with distance and face-to-
face modalities; characteristics of those evaluated students were
established and there was also an analysis based on the individual averages
per university for the test components. The analysis of the results allowed
identifying the characteristics of socio-demographics, all most of them are
in vulnerable situations, the women have major access to internet and
computer tools and the educational levels completed is major in the
students” mother. As for the module of generic and specific competences,
the highest and lowest individual weights per university and gender were
identified.

1 Introduction

During the self-evaluation processes of university students in Colombia, it was found a
need to train in competencies that focus their learning processes for the development of
skills that they will use in a given work and social context. These skills or competencies are
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evaluated in higher education institutions' university students through annual tests called
Saber Pro test. These tests are applied to evaluate processes and manage changes in
response to contextualized problems [1]. The purpose of this test is to check the degree of
development of the students' competencies, produce value-added indicators, and serve as a
source of information for the construction of indicators for the evaluation of the quality of
higher education programs and institutions [2].

These competencies were established by the Ministry of National Education in
Colombia (MinEducacién) and have a fundamental purpose, training in future teachers;
they can be considered a set of capacities that can be measured in terms of knowledge,
skills, and abilities [3]. The proficiency tests are organized to be taken in two blocks: the
first corresponds to generic competencies, this includes critical reading, quantitative
reasoning, citizenship competencies, written communication, and English; and, in the
second block, we can find the specific competencies according to the academic program
that the university student is studying [4]. It corresponds to teaching, training, and
evaluation for teachers in training in all disciplinary areas [5].

As for the results obtained in these tests which have been analyzed. A study found a
project which examines the competencies in teacher training of multidisciplinary (natural
sciences and environmental education) and disciplinary (related to basic sciences) degrees;
this study [6] determined the factors associated with performance in this test with the
generic competencies of the students who belong to these academic programs.

The meaning of science teacher training in a culture of scientific and social research
implies the linkage of the academic, labor, and research component that allows the
preparation, motivation, and elaboration of projects based on a social and disciplinary
sense. For this reason, it is proposed as a fundamental pillar that:

"The initial scientific-research training is essential since it allows the future professional
to problematize, investigate, reflect on the educational reality and achieve transformations
both in the context of action and on an individual level. Through the scientific-research
activity, the student appropriates the scientific method through the acquisition of
knowledge, the development of habits and research skills that allow him/her to use
knowledge in theory and practice in a creative way to provide solutions, through scientific
means, the problems he/she faces" [7].

In the case of specific competencies for teachers in training, focused on the natural
sciences, [8] establishes that these should be: 1) to develop scientific thinking about real
and contextualized worlds through language, to understand and construct theories, predict
and control phenomena, etc., 2) to build the capacity to work as a team to consolidate and
understand other ways of seeing the world, and 3) to create an interest in scientific
knowledge related to developing sensitivity and understanding research problems.
Consistently, [9] mention that training in competencies is associated with research and the
stages of the research process, in which, they name a few examples, they refer to
interpersonal relations of the process, management and administration of resources,
leadership, socialization, interdisciplinarity, process evaluation, etc.

Training based on these scientific and research activities can be presented through the
creation and participation of research incubators from teacher training. For the replication
of scientific competencies with social impact, after undergraduate students acquire them,
they will be replicated for primary or secondary students. A mechanism for training these
skills is the creation of workshops in research, such as the work created by [10] students,
graduates, and graduates in natural sciences from various universities in Chile; in this
research, the methodology was proposed to develop a scientific research work for its
subsequent dissemination and socialization. Likewise, the creation of extracurricular spaces
related to research was found, which allowed for the autonomous generation of knowledge,
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creation and development of pedagogical experiences, and articulation with the dynamics
of educational research [11].

1.1 Problem and Aims of the research

In different studies, the need for a training of the research teacher has been raised, since it
turns out to be a determining factor of the quality of education since it allows to foster the
search of knowledge, the development of scientific thought, the use of pedagogic, didactic,
natural sciences and environmental education knowledge among others which correspond
to the scientific-research skills. Similarly, it is important to highlight that the initial training
that teachers receive is a factor, on the other hand, the success of the teacher depends on
this with the implementation of didactic and pedagogical studies for the generation of
scientific-research skills in the classroom for the area of natural sciences and environmental
education. And, secondly, because the country needs the configuration of a system to create
research incubators that promote the preparation of young people for science, technology
and innovation, who are capable of recognizing and intervening in the different areas of
Colombian society; in other words, if a country wants to guarantee significant growth in
science, technology and innovation it must start from the premise that a good base could be
its teachers in training. There has not been any conducted study on the characterization of
the results of the pro-2019 knowledge tests of graduates in natural sciences and
environmental education with the relationship of the sociodemographic and institutional
characteristics that lead to reflection on test performance so far. Thus, this research's main
objective is to evaluate the characteristics of the population and the results of natural
science and environmental education degree programs in Colombia that presented the Saber
Pro 2019 test and what extent scientific and research competencies are included in the
creation of this exam.

2 Method

This research is a mixed methodological perspective since it focuses on the analysis of the
Saber Pro tests and their relation to the measurement of the students' scientific and research
competencies of the natural sciences degree. For this purpose, an integration methodology
was used, that is to say, it makes use of a qualitative and quantitative approach to analyze
the information. This methodological design was selected because it is an effective way to
deepen studies on education through the identification of problems, correlation of variables,
and generation of hypotheses about the knowledge found during the development of the
study [12]. In this way, it is expected that the analysis will be known, and those proposals
or strategies of action will be generated to strengthen the competencies of the study
proposed here.

2.1 Instruments for collecting information

To identify, deepen and analyze the information, it was also possible to collect a
background documentary [13] that would allow us to know about the public education
policies that underlying the Saber Pro exam for undergraduate students in the country and
national statistical results for 2019. Based on the preliminary review, categories of
importance for the study and their respective source of information for document analysis
were established. Table 1 illustrates this information and will guide the process of data
collection for subsequent analysis.

Table 1. Documentary review.
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Source Institutions Documents

Legislative texts

Instituto Colombiano para la evualuacion de : .
concerning generic and

Test Saber Pro

la educacién (ICFES) specific tests [14, 15, 16]
National statistics Instituto Colombiano para la evualuacion de Database available in
la educacion (ICFES) (version 13/04/2020)

Source: Compiled by authors

The qualitative procedure was carried out through analysis documentary analysis to
interpret and track the category of analysis scientific and research competencies from the
perspective of the creators of the Saber Pro tests. With regard to the quantitative method; to
find the individual averages of the results by the university with their respective standard
deviation, the analysis of the student data and results from the Saber Pro 2019 tests of the
generic and specific components for the degree in natural sciences and environmental
education consolidated in an Excel spreadsheet was used as a support and accessible
analysis tool, which is easy to use and sufficient for the calculations.

2.2 Population and sample

In the collection of documentary information, the documents and data selected for the study
are thoroughly investigated and analyzed. The sample includes the results of the Saber Pro
2019 tests of educational institutions nationwide. From there, it is possible to obtain the
students' information through the electronic test registration form and the test results of the
generic and specific components for degrees with denomination in natural sciences and
environmental education [17]. The database is available at ftp.icfes.gov.co (version
01/07/2020).

3 Results and discussion

From the results of the databases, these were selected and organized by the universities that
offer academic programs related to the degree in natural sciences and environmental
education, and from this, the information in Table 2 was consolidated.

Table 2. General characterization of universities with this academic program.

University Type Departamet | Institution
Universidad De Cordoba - Monteria Online Cordoba Public
Universidad Del Tolima - Ibagué Online Tolima Public
Universidad Popular Del Cesar-Valledupar On-site Cesar Public
Universidad De Narifio-Pasto On-site Narifio Public
Corporacioén Univer_sitaria_ Del Caribe - Cesar- Online Sucre Private

Sincelejo
Universidad Surcolombiana - Neiva On-site Huila Public
Universidad Del Valle - Cali On-site Valle Public
Universidad Pedag(')g_ica y T_ecnol()gica De On-site Boyaca Public
Colombia -Tunja

Universidad De Antioquia - Medellin On-site Antioquia Public
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Universidad Del Cauca - Popayan On-site Causa Public
Corporacion Umverglta}rla Minuto De Dios — Online Bogoté Private
Uniminuto
Universidad Industrial De Santander- On-site Santander Public
Bucaramanga

Universidad Tecnologica Del Choco "Diego

Luis Cérdoba” - Quibds On-site Choco Public
Universidad Santiago De Cali-Cali On-site Valle Private
Universidad Libre-Socorro On-site Santander Private
Universidad ICESI - Cali On-site Valle Private

Universidad Del Magdalena — Unimagdalena
- Santa Marta

Online Magdalena Public

Source: Compiled by authors

From the consolidated results, it can be established that the universities with the highest
demand for enrollment for this academic program are those which offer a virtual modality.
The number of students who took the exam for the second cohort in 2019 was a total of 879
students; 71.3% were women and 28.7% men, in both cases the average age was between
22 and 32 years old.

The location of the socioeconomic stratum in Colombia is 1 to 6 and it’s determined by
characteristics of housing and location, in which 1 is the lowest level (vulnerable) to 6
which has special and privileged conditions within the economic system. The largest
number of male and female students are found in levels 1 and 2, 56.4% for women and men
22.4%. On the other hand, the lowest percentage of students in this program was found in
higher socioeconomic strata (5 and 6) with 0.8% of women and 0.5% of men.

The results of the educational level for parents of natural science undergraduate students
for this was the following, the percentage of a complete education, whether primary,
secondary, postgraduate, or technological is higher for the mother at 46.4%, while for the
mother it is 38.3%. In the different levels of incomplete or not completed education in any
of the modalities already mentioned, we find that the highest percentage is for the fathers
with 43.7% and for the mothers with 43%.

As for the results of access to the internet and computer. It is found that women have a
higher percentage of access to these tools with 41.4% having access to the internet and
47.8% having a computer. In contrast, male students have less access to technological
resources with the following percentage: if they have access to the Internet with 15.4% and
likewise have a computer with 18.8%.

Finally, the results of the semester in which people are at the time of taking the tests.
The information found shows that the highest percentage of students is in the ninth
semester with 39% (women) and 36% (men).

3.1 Student Performance by Gender on Saber Pro Tests

The results in quantitative reasoning skills, critical reading, citizenship skills, English,
written communication, and an overall score for the female population that belongs to a
natural science degree program. Were analyzed 17 universities (Table 2) which can be
found in all the charts with their main names. The University of Magdalena in Santa Marta
and the Instituto Colombiano de Estudios Superiores de Incolda University (ICESI) in Cali
for the period of presentation of this test only had the result of one student, therefore their
results did not have the representation of a standard deviation of the data.
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Figure 1 shows the results for female students, where the universities were organized in
descending order according to the result of the global average of the competitions
evaluated. The first module evaluated was that of quantitative reasoning, in which it was
found that the average of the individual results, the highest score was for the university of
Antioquia in Medellin with 149 points and in contrast the most achieved level was for the
university of Magdalena with 98 points. For the critical reading module, citizenship skills
and English, the highest score was obtained by the ICESI University in Cali with 170, 165
and 179 points. In particular, the lowest score was for Tecnoldgica Del Choco University
"Diego Luis Cordoba" in Quibdé for these same modules with 115, 107, and 117 points
respectively. Finally, the written communication module was considerably higher than the
other universities with 175 points for the University of Magdalena, and with the lowest
average individual results a value of 125 points for the Corporacion Universitaria del
Caribe in Cesar.

Fig. 1. Results of generic competencies in women.
Source: Compiled by authors

Similarly, Figure 2 shows the results in quantitative reasoning skills, critical reading,
citizenship skills, English, written communication and overall score for the male population
belonging to the bachelor's program in natural sciences. In this case, the university with the
highest overall score was the Universidad Libre in Socorro (Santander) with 164 points for
a single student taking the test for this period. In the quantitative reasoning and written
communication module, this university also obtained the highest results with 189 and 182
points, respectively. For the critical reading and English module, the highest result was for
the University of Antioquia in Medellin with 168 and 163 points, respectively. Finally, the
Pedagogica y Tecnoldgica University of Colombia in Tunja had the highest result for the
module of citizen competences with an average of individual results of 155 points

In contrast, the lowest average result was for Universidad Tecnologica Del Choco
"Diego Luis Cordoba" in Quibdd with 116 points, where the modules of quantitative
reasoning, English and written communication were the main affected with 113, 117 and
118, respectively. The same occurs with the University Corporation del Caribe in Sincelejo
where the lowest scores at the national level were for critical reading skills and citizenship
skills with 115 and 106 points, respectively.
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Fig. 2. Results of generic competencies in men.
Source: Compiled by authors

Figure 3 shows the modules evaluated for graduates that correspond to the
competencies of teaching, evaluation, and training. This figure only shows the averages of
the individual results for female students. The highest score for the three competencies
evaluated was obtained by ICESI University of Cali (n=1) with the following scores:
teaching (200 points), evaluation (187 points), and training (182 points). Similarly, the
University of Valle in Cali (n=34) had outstanding scores of 174, 179, and 156 points,
respectively.

The lowest scores were for the University of Magdalena in Santa Marta (n=1), where
the scores were 122, 103, and 120 in the above-mentioned competitions. It is considered
that the number of people evaluated is a limiting factor of comparison, therefore it is
evidenced that Technological University of Choco "Diego Luis Cordoba" in Quibd6 (n=22)
; this population had very similar results with 123 points (teaching competence), 132
points (evaluating competence) and 121 points (training competence).

“‘[1111111 III

U.Valle  U.Antioquia  U.Santiago  U.Ci upTC U.Tolima bre  U.Cordoba  U.Popular  Corp. Caribe  U.Choco  U.Magdalena
A

Fig. 3. Results of specific competencies in women.
Source: Compiled by authors

Figure 4 shows the results of the male students for the teaching, evaluation, and training
competencies. From the results obtained, it is found that the highest average of individual
results in the teaching-related competition is found in the University of Valle (n=15) with a
score of 176. In the second competition, evaluating the University of Santiago de Cali had
the highest results with 173 points. And, in the case of the training module, they were for
the universities Libre (n=1) and Cauca (n=16) with scores of 165 and 163, respectively. In
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the case of the scores for evaluating (123), forming (114) and teaching (117) obtained from
the Universidad del Choco "Diego Luis Cérdoba" was the lowest.
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Fig. 4. Results of specific competencies in men.
Source: Compiled by authors

As for the level of achievement in the results of the competencies that these tests
evaluate, it corresponds to a numerical meter of quality of higher education institutions
about their future graduates. However, in relation to the skills that teachers must have in
these areas, the question is more complex. One of them is scientific and research skills.
These skills result from integrating knowledge (social, pedagogical and/or disciplinary),
relating it to methodological procedures of research that leads to reflection, critical
perspective, and analysis [18]. Providing opportunities to students for the generation of this
knowledge-based on scientific and research competencies will allow teachers' training in
natural sciences and environmental education that seeks to understand and transform
realities in the teaching practice, in the curriculum, in the didactics under a real context.

4 Conclusions

With the analysis of the results of the Saber Pro 2019 tests in students of natural sciences
and environmental education in the country, it can be inferred that from the totality of the
students evaluated (n=879), in all the programs offered, there is a greater amount of female
population with 71.33% students and male population with 28.67 % students. In relation to
the socioeconomic stratum in which they are found, both men and women belong to the
lowest strata (1 and 2). With regard to the educational level of the student's family, it is
possible to establish that the mother most frequently has the achievement of a completed
academic degree, whether primary, secondary, technological, undergraduate or graduate,
with 46.4%; with regard to incomplete education, the fathers have a greater percentage with
43.7% and for the mothers 41%.

In terms of technological tools, it was found that women in the study program have
greater access to the Internet and computers with 58.1% and 67%, respectively. In the case
of the male population, there is less possibility of access to the technological tools
mentioned above with 53.6% and 65.5%. However, it should be noted that for both
populations, the greatest obstacle is to have internet with an average of 38.6% and a
computer with 27.6%. The greatest amount of population evaluated in the exam is in the
ninth and tenth semester with 59% for women and 56% for men. Similarly, those evaluated
who take the exam in higher semesters are approximately the same with 37% and 35%.
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As for the universities offering such programs, a total of 17 institutions were found,
twelve of them are official (9 presential-4 Distance), and 5 are private (3 presential-2
Distance). The university with the highest demand for students is the University of Cordoba
with 148 students; in addition, in all cases there are more female students.

Although different studies exist where they manage to establish that the gender is not a
factor that has a relationship with performance in these specific modules [19] the results
are presented with this organization since it is necessary to know specific problems based
on this characteristic in the results of the generic competencies of quantitative reasoning,
critical reading, citizenship competencies, English and written communication for the
female population, it was found that the highest global score of the individual averages was
for the University of Antioquia and with the lowest score resulting from the individuals,
was the Technological University of Chocd. In the case of the male population, the Libre
University stood out for the highest overall average score and the Caribe Corporation for
the lowest score. In the specific competencies, it was found that the highest individual
scores were for women in the ICESI University and the University of Valle with all three
competencies, and in the case of men, in the teaching competency the highest weight was
obtained in the University of Valle, in the competencies related to evaluating and training
the highest averages were for University of Santiago de Cali.

The studies established for this academic program as a factor of positive performance in
students of an institutional nature, for example, the accreditation of the academic program,
since implicitly this factor establishes curricular plans of action, reflection and research
through strategies or teaching models that allow the development of scientific thinking
competences through their explanation and understanding of science [20].

These skills include the development of scientific thinking, the capacity for
problematization, oral and written communication, the development of an analysis, capacity
for synthesis and abstraction, etc. [21], which in the first place aim for teacher training with
integration of research practice, knowledge in science and environmental education with
the problems and contextualized solutions, all of which imply the development of all the
skills evaluated by the MinEducacion. The Saber Pro 2019 tests conducted in Colombia for
teachers in natural science and environmental education training evaluate specific
competencies related to training, teaching, and evaluation, in which in some cases scientific
and research skills are considered.

Therefore, to strengthen the results of these tests, I believe it is necessary to provide
spaces where these students can develop experiences that enrich their training and apply
disciplinary, pedagogical and didactic knowledge, with a focus on intervention in a real
context. This is how the generation of a culture of science and research in teacher training
could be configured to positively impact teachers and students of these academic programs.

For this reason, and to contextualize this approach, we ask, as a reflection, what would
be the strategies that promote the generation of scientific research skills with the use of
science for educational and social impact, how can scientific and research skills be
strengthened in undergraduate students to contribute to solutions in the framework of a
post-pandemic? What are the challenges in accessing competency-based education, how do
research and science skills contribute to performance on proficiency test scores, and what
would be the impact on teachers and students in these academic programs if training were
focused on these strategies?
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