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ABSTRACT
This paper describes a gender-based research work on academic performance in engineering students. This study is based on the
results of 9 469 students from Universidad Nacional de Colombia in the college‘s Admission and exit standard tests (the latter
known as Saber Pro Tests). Tools such as descriptive statistics, regression analysis, and data mining are used to estimate both gaps
and leaps in scores per gender. These tools are not only used to estimate said gaps, but also to determine whether these gaps
are broadened or closed throughout the university education process. The results show that there are still gender gaps in favor of
men in the area of mathematics, even in STEM programs. On the contrary, a gap in favor of women is noted in the area of writing,
although a decline is also observed in reading comprehension skills for both genders. On the other hand, in terms of the global
scores, women improve more than men as a result of their undergraduate experience. Finally, purely disciplinary competencies
exhibit a notorious gender gap in favor of men, which should lead to future reforms in this type of programs.
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RESUMEN
Este artı́culo describe una investigación sobre brechas de género en el desempeño académico de los estudiantes en programas de
ingenierı́a. El estudio está basado en los resultados de 9 469 estudiantes de la Universidad Nacional de Colombia en las pruebas de
admisión y egreso (estas últimas conocidas como pruebas Saber Pro). Se utilizan herramientas como la estadı́stica descriptiva, el
análisis de regresión y la minerı́a de datos para estimar tanto brechas como saltos de puntaje por género, las cuales se utilizan no
solo para estimar tales brechas, sino para determinar si las mismas han sido ampliadas o cerradas a lo largo del proceso de formación
universitaria. Los resultados muestran que aún persisten brechas de género en favor de los hombres en el área de matemáticas,
incluso en programas STEM. Por el contrario, es notoria una brecha en favor de las mujeres en el área de escritura, aunque también
se observa un deterioro en las habilidades de comprensión de lectura para ambos géneros. Por otra parte, en términos de puntajes
globales, las mujeres mejoran más que los hombres como resultado de la experiencia del pregrado. Finalmente, las competencias
puramente disciplinares exhiben una notoria brecha de género en favor de los hombres, lo que debe llevar a futuras reformas en
este tipo de cursos.
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Introduction
According to the 2020 Global Gender Gap Report, gaps in
educational achievement still require a decisive effort from
worldwide governments to close them. Only 35 countries
have achieved gender parity in education and 10% of girls
from 15 to 24 years old around world are still illiterate,
most of them concentrated in developing countries (WEF,
2020). Consequently, more investment in human capital
is still required to improve poor academic performance.
In addition, even in countries with high educational
achievement, women’s abilities are not necessarily aligned
with the required skills to make them successful in the so-
called future professions (WEF, 2020).

Gender gaps are pronounced in college STEM programs, as
only 35% of the enrolled students are women, and there
is a decreasing trend in their participation in areas such as
engineering, natural sciences, mathematics, statistics, and
ICTs∗ (UNESCO, 2019).

As mentioned by Alam (2022), there are three main
approaches that explain gender gaps in STEM education:
biological, psychological, and sociocultural. On the one
hand, the biological approach is based on cognitive patterns,
brain functioning (Kucian et al., 2005), and visual-spatial
skills (Harris et al., 2021; Reilly et al., 2017; Lawton
and Fletcher, 2005). However, much of the recent
research argues that gender inequalities in STEM career
choices are best explained by relative cognitive strengths
rather than cognitive ability levels alone (Tandrayen and
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Gokulsing, 2021). On the other hand, some authors argue
that psychological and sociocultural contexts determine
the expectancy of women’s future participation in STEM
education due to (i) gender stereotypes (Garcı́a-Holgado et
al., 2020; Makarova et al., 2019; UNESCO, 2019; Garcı́a-
Holgado et al., 2019; Carlana, 2019; Verdugo-Castro et
al., 2018; Riegle-Crumb, 2005), (ii)beliefs regarding abilities
(Kuschel et al., 2020; Jungert et al., 2019), and (iii) social
interactions (Brenøe and Zolitz, 2020; Raabe et al., 2019).

Colombia has implemented several initiatives to close both
gaps, i.e., in learning and egalitarian access to education.
Since 2012, public education is free from Elementary to
High School. However, (i) socioeconomic background,
(ii) regional and ethnic provenance, and (iii) gender are
factors that still restrict access to education (MEN and
OECD, 2016). In addition, Colombia is not far from the
world gender-gap trend in STEM programs. Between 2001
and 2018, more often than men, women chose curricular
programs historically associated with female roles, such as
health and education sciences. Moreover, even though the
gender gap is smaller, this trend was also observed in social
and human sciences. In contrast, men are more prone
to choosing programs such as engineering, architecture, or
urban sciences (CPEM et al., 2020). Consequently, many
government and education entities have undertaken some
institutional efforts to close this gender gap and improve
diversity in engineering education, which may demand a
change in some education approaches in the context of
the future challenges stated in the Sustainable Development
Goals (UNESCO, 2019).

Regarding academic performance, some standardized tests
have shown a notorious gender gap in some areas such as
science and mathematics in Colombia. For instance, the
PISA 2018 math test results showed that the gender gap is
20 points in favor of men, while, in the OECD countries, this
value is only 5 points. In contrast, the gender gap in science
in the OECD countries is 2 points in favor of women, but,
in Colombia, this gap is 12 points in favor of men (Radinger
et al., 2018). In addition, Abadı́a and Bernal (2017) found
that women underperform men with similar characteristics
in the Colombian High School Exit Examination (known
as the Saber 11 Test), where personal, family, and school
characteristics explain a small part of the gap. However,
differences in returns and regional provenance are very
determinant. A similar regional approach in the Saber 11
test is found in Cárcamo and Mola (2019). On the other
hand, Rincón and Arias (2019) found that, in the College
Exit Examination (known as the Saber Pro Test), men from
Administration areas in Higher Education programs not only
score higher in quantitative reasoning but also in English
(second language), reading and citizenship competencies,
which are language-related areas where women usually
score higher than men.

Based on the literature review, gender gap approaches are
mainly focused on the Elementary and High School levels,
where mathematics and sciences are the most critical areas,
as they show increasing gender gaps. This paper hopes
to contribute to analyzing gender gaps, this time not only in
Higher Education, but also in STEM programs, where closing
such gaps is expected, given that the students admitted to
these programs are supposedly skillful in math and science.
In addition, this study analyzes the change or leap in the

academic performance of men and women between the
entrance (admission) and exit exams, so that (i) the effect of
university education may be estimated and (ii) the gender
gap’s behavior may be assessed.

This paper is organized as follows. First, a description
of the data is presented in terms of the target population
and competencies. Next, some methodological approaches
are described in terms of the proposed variables and the
methods of analysis. Then, the main results are presented
in terms of descriptive statistics, regression analysis, and
the data mining approach adopted. Finally, the main
conclusions of the study are presented.

Data
This study was conducted over a five-year period (2016-
2020), based on the scores obtained by 9469 engineering
students on the Saber Pro test. The data were collected from
two main sources: (i) official records from the ICFES testing
agency, and (ii) official admission results from Universidad
Nacional de Colombia’s Admissions Office. Academic
information regarding program enrollment was obtained
from ICFES, and socioeconomic information such as strata
and public or private schooling was obtained from the official
records of the Admissions Office. In addition, students’
identities were collected from ICFES, such as as biological
sex. It is worth noting that the term gender refers to
biological sex, as gender identity data were not collected.

Population
The students analyzed came from four different campuses
and 31 different engineering programs of Universidad
Nacional de Colombia, i.e., Bogotá (9), Medellı́n (13),
Manizales (6) and Palmira (3), covering a wide range of
disciplinary areas such as Civil, Chemical, Electrical and
Electronics, Mechanical and Mechatronics, Industrial and
Computer, Geological, Mining, Agricultural, Environmental,
and Petroleum Engineering, among others. A previous study
was carried out by Gallego (2021) for the entire population
of the same university, using only descriptive statistics. This
research is now gender-oriented and exclusively focused on
engineering programs. In addition, not only does it use
descriptive statistics, but also inferential statistics and data
mining approaches.

The gender composition is shown in Figure 1, where an
approximate 75/25% is the dominant ratio between men and
women on all campuses but Palmira, which shows a more
balanced ratio (51/49%). In addition, Figures 2 and 3 show
that social strata are concentrated in the low-middle class
(strata 2 and 3, with about 75%), as well as a well-balanced
ratio between public and private schooling (52/48%). Both
the social stratum and the schooling type show no significant
gender gaps.

Competencies
In general, the Saber Pro Test evaluates two types
of competencies: general and disciplinary. General
competencies refer to the skills that must be developed by
students regardless of their background field (ICFES, 2021),
which are evaluated according to the following modules:

†OECD:Organisation for Economic Co-operation and Development
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• Quantitative reasoning (Quant)

• English as a Second language test (Eng)

• Written communication (Wrt)

• Reading comprehension (Read)

• Citizenship competencies (Cty)

On the other hand, disciplinary competencies are chosen
by each curricular program from a set proposed for each
knowledge area. In particular, the knowledge area for
this study was engineering, which includes 15 specific
disciplinary skills (Figure 8).

Methodology
Variables
Gender Gap Scores (GGS)

In general, the main purpose of this study is to analyze
the differences between women and men’s scores. These
differences are dubbed Gender Gap Scores (GGS) and are
treated via two different statistical approaches: parametric
and non-parametric.

Regarding the parametric approach, GGS are defined as the
difference in means between women and men’s scores,
as shown in Equation (1). A positive/negative GGS value
means that women/men scored higher than men/women
in the Saber Pro Test. However, even though both means
are different, some tests must be run in order to determine
whether these differences are statistically significant. This
study used a T-test to compare both population means
while fulfilling some conditions such as (i) independence,
(ii) normality and (iii) homoscedasticity. In this case,
the observations were assumed to be independent, given
that the exam is taken individually by each student. In
addition, normality and homoscedasticity assumptions were
respectively verified via Shapiro-Wilks and Fligner-Killeen
tests, using the Welch correction in the T-test for the cases
exhibiting heteroscedasticity. Finally, a D-Cohen index was
calculated to estimate the effect size of the GGS. These
estimates are presented in Table 1.

GGS = ScoreWomen − ScoreMen (1)

Figure 1. Percent gender distribution and number of students per
campus
Source: Authors

Now, to validate the parametric approach, if the T-test
applied in samples larger than 30 still showed them to
be normally distributed, a bootstrapping method was used
to estimate the GGS. Therefore, a resampling with 500
stratified bootstrapped samples (women-men) and a 95%
confidence interval was used to estimate the mean of the
GGS. These estimates are shown in Table 2. In general, both
approaches, parametric and non-parametric, led to almost
identical GGS values.

Gender Leap Scores (GLS)

The main purpose of Gender Leap Scores (GLS) is to analyze
the changes in academic performance between an entrance
and an exit exam, so that the effect of university education
can be estimated. In this case, academic performance may
increase or decrease as a consequence of obtaining positive
or negative GLS, respectively. In this study, the entrance
exam corresponds to the University’s admission test, while
the exit exam is the Saber Pro Test, often taken during the
final year of the curriculum.

The scores obtained in both exams must be normalized in
order for them to be comparable. Therefore, a max-min
normalization was performed while following Equation (2).

Scoreesc = 100 ∗
(Score −min(score))

(max(score) −min(score))
(2)

where:

• Scoreesc corresponds to an escalated score that only
refers to the students that took the Saber Pro Test.

• Score corresponds to the score obtained in the Saber
Pro or the admission test.

• min(score)/max(score) corresponds to the mini-
mum/maximum Saber Pro or admission test score
only obtained by the students that took the Saber Pro
test.

It is important to note that Scoreesc ∈ [0, 100] is only relative
to the students that took both tests, so a comparison
between both (admission and Saber Pro escalated scores)
may describe a change in the academic performance by
gender (i.e., a GLS).

‡Statistical indicator comparing the difference in means against the joint
standard deviation of both samples

Figure 2. Percent social stratum distribution and number of students
per gender
Source: Authors
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Figure 3. Percent schooling type distribution and number of students
per gender
Source: Authors

On the other hand, a plausible comparison between the
entrance and exit tests must consider only commonly
assessed competencies or skills. In particular, the admission
test assesses only the general skills acquired in high-school,
such as quantitative reasoning and reading comprehension,
but also natural sciences, social sciences, and image
analysis. In contrast, the exit exam assesses both general
(quantitative reasoning, reading comprehension, written
communication, citizenship, and English) and disciplinary
competencies (scientific thinking, design, and project
formulation, as shown in Figure 8). Therefore, it is not
possible to assess a leap in areas that were not specifically
assessed in both exams, such as citizenship, English, or
written communication. Thus, GLS were calculated only
for quantitative reasoning and reading comprehension. In
addition, a GLS was calculated for the global score, as a
gender gap in global scores was observed in the admission
test.

Types of analysis
The types of analysis performed on GGS and GLS were the
following:

1. Descriptive statistics analysis: behavior of GGS and
GLS score means, confidence intervals, interquartile
ranges, and statistical significance tests per skill.

2. Regression analysis

(a) Correlograms: correlation coefficients between
different skill scores in both tests per gender.

(b) Linear multivariate analysis: linear regressions
on global scores explained by the different skill
scores per gender. The regressions performed
follow Equation (4).

(c) Logistic regression analysis: logistic regressions
on high/low scores or positive/negative leaps
regarding gender via Equation (5). The main
purpose is to determine the Odds ratios
between men and women on the different skill
scores.

3. Data mining analysis (association rules): the main
purpose of association rules is to discover hidden
relations between scores and other dimensions
(gender, social strata, and schooling type) based on
their frequency of appearance. In this study, a basic
Apriori algorithm was applied to obtain simple if-then
rules in the form X ⇒ Y. Only strong rules were
analyzed based on support and confidence indicators.
Generally speaking, support denotes the frequency of
appearance of an itemset X in relation to the total
of transactions. In addition, confidence refers to the
number of times that if-then rules appear, following
Equation (3).

Con f idence(X⇒ Y) =
Support(X ∪ Y)

Support(X)
(3)

where X ∪ Y is an itemset including all items in X and Y.
Confidence may be interpreted as a conditional probability
P(Y|X), i.e, the probability of an item including X while
also including Y. In this study, the support and confidence
values were set at 0,2 and 0,7, respectively. In other words,
rules are only interesting when the antecedent’s frequency
is higher than 20% and the consequent is observed in 70%
of the transactions.

GS = κ + αRRead + αCCty + αEEng + αQQuant + αWWrt (4)

where:

• GS: global Score

• κ: intersect term

• αR: reading skills score

• αC: citizenship skills score

• αE: English skills score

• αQ: quantitative reasoning score

• αW: writing skills score

log
p

1 − p
= κ + αWWomen (5)

where:

• p: depending on the analysis, p could be the
probability of obtaining a high score (above the
average) in any skill or the probability of obtaining
a positive leap between the admission and Saber Pro
tests (positive GLS).

• κ denotes an intersect term.

• αW: log(OddsRatio) of being women. In other words,
the ratio between the odds of women obtaining a high
score or a positive GLS in any skill with respect to men.

4 of 12 Ingenierı́a e Investigación vol. 43 No. 3, December - 2023



GALLEGO, CASADIEGO

Results
Descriptive statistics
Figure 4 shows the boxplot by gender on global scores in the
Saber Pro test, where almost identical results are obtained
by women and men (similar means and interquartile
ranges). Consequently, no meaningful gap in global scores
is observed. On the other hand, the evolution in GGS per
skill since 2016 seems to be invariant (Figure 5), where
the highest GGS are found in quantitative reasoning in
favor of men (negative GGS) and writing communication
in favor of women (positive GGS). In addition, this behavior
is consistent on all campuses, as shown in Figure 6.

Figure 4. Gender gap on global scores
Source: Authors

Figure 5. Evolution of gender gap scores per module
Source: Authors

Figure 6. Evolution of gender gap scores per module per campus
Source: Authors

Table 1. GGS statistics per module (parametric approach)

Module Shapiro-
Wilks
test,
women
(p-value)

Shapiro-
Wilks
test, men
(p-value)

Fligner-
Killeen
homo-
cedastic-
ity test
(p-value)

T-test
mean dif-
ferences
(p-value)

Effect
size (D-
Cohen)

Citizenship skills 2,07E-19 1,14E-19 1,15E-09 3,04E-03 Negligible
English 2,15E-18 1,70E-18 1,04E-01 1,52E-14 Negligible
Quantitative reasoning 1,04E-16 5,85E-24 1,08E-05 4,26E-44 Small
Reading skills 2,31E-10 1,01E-14 5,09E-05 9,62E-01 Negligible
Writing skills 4,70E-16 5,72E-19 3,70E-04 2,28E-08 Negligible

Source: Authors

Likewise, based on the non-parametric approach described
above, Figure 7 and Table 2 show that the GGS per skill
are well differentiated, given that the confidence intervals
and interquartile ranges are very narrow. Therefore, the
GGS behave very consistently. Citizenship skills, English,
and quantitative reasoning are in favor of men, especially
the latter. In contrast, written skills are in favor of women,
whereas there is no gap in the reading comprehension skills.

These GGS results are coherent with some other findings
in the international literature about gender-based gaps
in academic performance at elementary and secondary
schools, where men score higher than women in math
but lower in reading tests (Abadı́a and Bernal, 2017).
Consequently, our results suggest that the gender gap in
math tests is still present in higher education, and even in
the case of STEM programs, which is the main population
addressed in this study.

Figure 7. Gender gap per module (bootstrapping)
Source: Authors

In addition, the results shown in Table 1 suggest that
the difference in means (between men and women) is
statistically significant according to the p-values obtained
for the statistical T-test. However, the D-cohen index also
suggests that the effect size is almost negligible in most of
the skills except for quantitative reasoning, where the gap is
considered small.

Table 2. GGS statistics per module using a non-parametric
bootstrapping approach - means and confidence intervals (95%)

Module GGS (mean/conf. interval)

Citizenship skills -2,2 / -3,4 to -0,8
English -5,4 / -6,8 to -4

Quantitative reasoning -8,7 / -9,8 to -7,5
Reading skills 0 / -1,2 to 1,1
Writing skills 4,6 / 3 to 6,3

Source: Authors
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Figure 8. Gender gap for disciplinary skills
Source: Authors

Figure 8 shows the scores in each disciplinary skill by gender.
As mentioned earlier, disciplinary skills are chosen by each
curricular program. In general, the GGS are in favor of
men in almost all disciplinary skills except for agricultural
production, engineering project formulation, and scientific
thinking in biology. The highest GGS is found in design of
control systems, design of industrial processes, and design
of infrastructure works.

Figure 9. Escalated scores in the admission and Saber Pro tests by
gender
Source: Authors

As for the GLS, Figure 9 shows the global escalated scores
for both the admission and the Saber Pro tests, where there
is a differentiated performance between men and women.
Results suggest that the initial GGS gap in the admission
test (42,8/36 points) is almost closed in the Saber Pro test
(60/59). This behavior is confirmed in Figure 10, where
women’s leap scores (mean: 22,9) are consistently higher
than those of men (mean: 17,3).

Figures 11 and 12 show the GLS scores by social strata and
schooling type. As far as social classes are concerned, the
results suggest that not only is the leap higher for women
in each class, but also that it is higher when the students
come from the lower classes. In addition, the gender gap

Figure 10. GLS for the global score
Source: Authors

is slightly higher in the lower strata. In terms of schooling
type, the results show that the jump is consistently higher
for students from public schools, with the gender gap being
almost identical for both schooling types. These results are
very promising regarding the mission of a public university,
showing that not only do women experience the greatest
jumps, but also that these jumps are more pronounced for
women coming from public schools and lower classes.

Figure 11. GLS for the global scores by social stratum
Source: Authors

Figure 12. GLS for the global scores by schooling type
Source: Authors

Figure 13 shows the GLS by campus. In general, the greatest
jumps are seen in the Palmira campus, where gender parity
is significantly higher than on the other campuses. This
finding is consistent with previous research showing that
academic performance tends to improve in groups with
higher proportions of women (Crombie et al., 2003).
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Figure 13. GLS for the global scores by campus
Source: Authors

Figure 14. GLS for quantitative reasoning and reading skills
Source: Authors

In contrast, the GLS in quantitative reasoning and reading
comprehension are very similar for both genders (Figure
14). Regarding quantitative reasoning, there is no change
between men and women, so the gender gap is not only
almost identical, but also academic performance remains
invariant (GLS close to zero) in the Saber Pro test when
compared to the admission exam. On the contrary, the
performance in reading comprehension tends to deteriorate
along the university experience, as the GLS are negative
(GLS close to -10 for both genders). However, performance
deteriorates in the same proportion in men and women.
These results are confirmed by the statistical tests shown
in Table 3, where, for most of the skills, the means for the
GLS are statistically different between men and women §.
However, these differences are negligible for quantitative
reasoning and reading skills, as well as small for the global
score (D-Cohen result).

Regression analysis
Correlograms

Figures 15 and 16 show correlograms for the escalated
scores in each module of the admission test (suffix: Adm)
and the Saber Pro Test (suffix: Spro) for men and women.
In general, there are moderate associations between the
admission and Saber Pro global scores. Therefore, a
higher/lower admission score does not necessarily imply
higher/lower scores in the exit exam (Saber Pro). Moreover,
this association is a bit stronger for women. In other

Table 3. Statistics for the GLS

Module Shapiro-
Wilks
test,
women
(p-value)

Shapiro-
Wilks
test, men
(p-value)

Fligner-
Killeen
homo-
cedastic-
ity test
(p-value)

T-test
mean dif-
ferences
(p-value)

Effect
Size (D-
Cohen)

Quantitative reasoning 2E-14 1E-18 1E-01 1E-04 Negligible
Reading skills 4E-07 3E-11 8E-03 0,16 Negligible
Global score 2E-04 1E-08 9E-12 3E-82 Small

Source: Authors

words, there is an effect of the university experience on
the academic performance in the exit exam.

On the other hand, reading, citizenship and English (second
language) skills are the scores that better correlate with
the global scores in the Saber Pro test. Surprisingly,
quantitative reasoning is not as strongly correlated with the
final global score as reading or English skills, even in the
case of engineering students. That is to say that, instead of
quantitative reasoning, now reading, citizenship, and English
are the competencies that make the difference in the global
score. In addition, the correlation coefficients (R) remain
almost invariant between men and women, as shown in
Table 4.

Figure 15. Correlogram for the admission and exit exam scores (men)
Source: Authors

Figure 16. Correlogram for the admission and exit exam scores
(women)
Source: Authors

§In the case of reading comprehension skills, the p-value is non-
conclusive, so there is no statistical evidence that the means for the
GLS are different between men and women. This may be explained by
the fact that both means are very close,i.e., -10,1 and -9,8 for men and
women, respectively.
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Table 4. Correlation coefficients (R) for the global score in each skill
per gender

Skill R Men R Women

Reading 0,72 0,7
Citizenship 0,7 0,68
English 0,69 0,7
Quantitative reasoning 0,51 0,52
Writing 0,56 0,58

Source: Authors

Linear multivariate regressions

As mentioned above, some linear regressions on the Saber
Pro global scores per gender were modeled following
Equation (4). A linear model was chosen based on the AIC
(Akaike Information Criterion) using a step-wise algorithm.
The model started with both the admission and Saber
Pro module scores. However, the admission scores were
neglected, since no significant changes were observed
regarding Pearson’s R2 correlation when they were included,
going from 0,921 to 0,923. This correlation value not only
indicates that 92% of the variance for the global score is
explained by the skill scores, but also that this result is
coherent with the poor correlation coefficients shown in
Figures 15 and 16. Again, the results suggest that there is an
effect of the university experience on academic performance
in the exit exam.

Table 5 shows the resulting regression coefficients for men
and women following Equation (4) . In both cases, R2 is
high enough to explain most of the global score variance
(0,922 and 0,919 for men and women, respectively), with
all the coefficients being statistically significant (pvalues <
2e − 16 for a T-test in both cases) and standard errors of
0,03314 and 0,0325 for men and women, respectively.
The regression coefficients remain almost invariant for both
genders, and English and citizenship skills are the modules
that mostly explain the global scores variance, whereas
quantitative reasoning is the skill that most poorly explains it.
Moreover, English explains this variance slightly better when
the students are women, just as Citizenship skills when the
students are men.

Table 5. Regression coefficients by gender, Equation 4

Gender κ αR αC αE αQ αW

Men -0,258 0,294 0,346 0,372 0,166 0,328
Women -0,269 0,306 0,327 0,395 0,163 0,327

Source: Authors

Logistic regressions

A set of logistic regressions was modeled to estimate the
odds ratios between men and women for different skill
scores. In general, the modeled logistic regressions followed
the formulation shown in Equation 5. However, several sets
of regressions were tested for different purposes, as follows:

1. A first set determined the odds ratios of obtaining
"high" scores (defined as scores above the average)
for any general skill.

2. A second set determined the odds ratios of obtaining
"positive" GLS.

3. A third set determined the odds ratios of obtaining
higher scores in disciplinary skills when compared to
general ones.

Table 6 shows the results for the odd ratios of obtaining a
"high" score in any skill. Most of the odds ratios are less
than 1, implying that, for most of the skills, a woman’s
odds of obtaining a high score are only a portion of men’s
odds. The most critical difference is observed in quantitative
reasoning, where a woman’s odds of getting a high score
are only 55% of men’s odds. In other words, men’s odds
of getting a high score in quantitative reasoning almost
duplicate those of women. On the contrary, in the case
of writing skills, women’s odds of getting a high score are
1,27 times higher than those of men. In addition, most of the
obtained odds ratios are statistically significant, except for
the case of reading comprehension, where no conclusions
can be drawn, as there is no distinction between the odds
of women and men, i.e., very close to 1 (0,94).

Table 6. Statistics for the odds ratios of getting a high score in any
general skill

Skill αW
a OddsRatio p-value

Global score -0,249 0,78 7,40E-08
Reading -0,056 0,94 0,2222

Citizenship -0,140 0,87 0,00269
English -0,360 0,70 1,40E-14

Quantitative reasoning -0,59 0,55 2,00E-16
Writing skills 0,237 1,27 4,20E-07

Source: Authors

a(Ln(OddsRatio))

Table 7 shows the results for the odd ratios of obtaining a
"positive" GLS score in any skill. Again, a woman’s odds
of getting a positive GLS score in quantitative reasoning are
less than those of men (82%). On the contrary, in the case
of the global score, women’s odds of getting a positive GLS
are 3,53 times higher than men’s. Moreover, most of the
obtained odds ratios are statistically significant, except for
the case of reading comprehension, where no conclusions
can be drawn, as there is no distinction between the odds
of women and men, i.e., very close to 1 (0,987).

ln(
P(Scoredisc > Scoregen)

1 − P(Scoredisc > Scoregen)
) = −0, 3679 − 0, 4624 ∗Women (6)

Finally, Equation 6 shows the final regression coefficients for
the odds of getting a higher score in disciplinary skills when
compared to general ones. If the students are men, the odds
are only 44%, which means that general skill scores are very
often higher than disciplinary ones. However, if students
are women, the odds decrease down to 14%, which is not
only very low but also means that the odds of getting a
higher score in disciplinary skills for a woman are much
less than those of men (34%). This odds ratio is statistically
significant, as shown in Table 8.

Association Rules
This section presents the results for the data mining analysis
based on association rules (X ⇒ Y) using the Apriori
algorithm, as described in the Methodology section. The
analysis followed two main approaches:
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Table 7. Statistics for the odds ratios of getting a positive GLS per skill

Skill αW
a OddsRatio p-value

Quantitative reasoning -0,192 0,82 3,8E-05
Reading -0,012 0,98 0,87

Global score 1,261 3,53 2E-16

Source: Authors

a(Ln(OddsRatio))

Table 8. Statistics for the odds ratios of getting a higher score in
disciplinary skills when compared to general ones

Event αW
a OddsRatio p-value

P(Scoredisc > Scoregen) -0,4624 0,34 2E-16

Source: Authors

a(Ln(OddsRatio))

• Based on the skills with the highest GGS (quantitative
reasoning, English, and writing), association rules
were mined, with gender as the rule’s consequent.
The resulting mined rules are shown in Table 9.

• The exogenous variables of social Stratum (high/low)
and schooling type (public/private) were included,
and association rules were separately mined for both
men and women. A comparison of the support
and confidence values obtained is presented for the
common mined rules, in order to determine the cases
where these rules are stronger. The resulting mined
rules are shown in Table 10.

Table 9 confirms some of the results shown in the previous
sections. In general, men scoring "high" in quantitative
and English but "low" in writing skills is a strong rule, with
a confidence greater than 75%. This result is consistent
with the high GGS in favor of men for these skills, as
was previously analyzed. The fact that men tend to score
simultaneously high in the couples [quantitative,English]
and [English,writing] but also simultaneously low in the
couple [quantitative,writing] were also detected as strong
rules. This result is very interesting, as it implies a certain
type of association in male engineering students, suggesting
that a good performance in quantitative reasoning comes
along with a poor performance in writing skills.

Table 10 shows a comparison of the support and confidence
values for men and women with regard to the separately
mined rules. First of all, the confidence values are
almost identical. Therefore, the mined rules are equally
confident between men and women. However, the rules
are not necessarily equally stronger, as the support values
exhibit different values for both genders. As previously
mentioned, the social stratum and schooling type were
explicitly included in the mined rules with the aim to assess
their effect on skill scores. The main results may be stated
as follows:

1. Coming from lower classes,

• Men engineering students score "high" more
often than women in quantitative reasoning.

• Women engineering students score "low" more
often than men in second language skills
(English). This result is very interesting, given
that some other reported works (Corpas, 2013)
have found that women score higher in English
as a second language. This is not the case for
engineering students.

• Women engineering students score simultane-
ously "low" more often than men in quantitative
reasoning and second language skills (English).

2. Coming from public schools,

• Women engineering students score simultane-
ously "low" more often than men in quantitative
reasoning and second language skills (English).

3. Coming from lower classes and public schools,

• Women engineering students score "low" more
often than men in quantitative reasoning.

Table 9. Obtained association rules (X⇒ Y) using the Apriori
algorithm: support (Sup) >0,2 and confidence (Conf) >0,7

Antecedent (X) Consequent (Y) Sup Conf

Quant=High Sex=Men 0,39 0,78
Eng=High Sex=Men 0,39 0,76
Wrt=Low Sex=Men 0,37 0,75
Quant=High & Eng=High Sex=Men 0,25 0,79
Quant=High & Wrt=Low Sex=Men 0,20 0,80
Eng=High & Wrt=High Sex=Men 0,21 0,79

Source: Authors

Table 10. Comparison of support and confidence values for men and
women in the obtained association rules (X⇒ Y) applying the Apriori
algorithm (support >0,2 and confidence >0,7)

Anta (X)⇒ Consb (Y) Sup (M/W) c Con(M/W) d

(Quant=High) Strate=Low 0,46/0,33 0,84/0,82
(Eng=Low) Strat=Low 0,43/0,52 0,93/0,94
(ScTypf=Public & Quant=Low) Strat=Low 0,27/0,35 0,97/0,98
(Quant=Low & Eng=Low) Strat=Low 0,26/0,37 0,93/0,95
(ScTyp=Public & Quant=Low) Eng=Low 0,20/0,29 0,72/0,8
(Quant=Low & Eng=Low) ScTyp=Public 0,2/0,29 0,74/0,73

Source: Authors

aRule’s antecedent.
bRule’s consequent.
cRule’s support (men/women).
dRule’s Confidence (Men/Women).
eSocial stratum
f Schooling type.

Conclusions
Gender inequalities in academic performance at elementary
and secondary schools have been widely reported,
evidencing that the lack of skills in mathematics and reading
may lead to fewer chances of being admitted to STEM
programs. In particular, Abadı́a and Bernal (2017) and
Abadı́a (2017) specifically found that men score better
globally and in math and science, as do women in reading,
in the high school exit examination known as Saber 11.
Surprisingly, the results obtained in this study suggest that
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the gender gap in math tests is still present in higher
education, and more specifically in the addressed STEM
programs, which are expected to be math-oriented. One
of the possible explanations, regardless of the mathematics
background, arises from psychological factors such as
women’s anxiety, which has been previously reported
in standardized tests (De la Rica and Rebollo, 2018).
In addition, not only quantitative reasoning exhibited a
gender gap, but also other skills including disciplinary
competencies.

The highest gender gap score (GGS) in favor of men
was found in quantitative reasoning. According to the
mathematical analysis performed, this gap is statistically
significant, but its effect is small based on the gender score
variances (D-cohen). Moreover, there is no improvement
from the admission exam scores, since the gender gap
remains almost identical in the college exit exam (Saber
Pro). In addition, men’s odds of getting a high score in
quantitative reasoning almost duplicate those of women. On
the other hand, the data mining approach is also consistent,
as it confirms that men scoring high in quantitative and
English are strong rules, with a confidence greater than 75%.
Moreover, another strong rule shows that, when students
come from lower classes or public schools, women score
low more often than men.

In contrast to the results reported in Abadı́a and Bernal
(2017), where men score better than women in high
school reading tests, college exit exams show no statistically
significant gender gap for engineering students. This
may lead to the idea that the gender gap has been
closed. However, our results show that reading not only
experienced the highest leap from admission tests, but also
the most negative, which means that there is a significant
weakening in reading skills. This result may lead to deep
thoughts about the reading comprehension capabilities in
STEM curricular programs that, apparently, are no longer
developed since high school.

Another result reported in (Abadı́a and Bernal, 2017) shows
that men score better than women in high school global
scores. This is consistent with our findings with regard to
the admission tests, where a gender gap in favor of men was
also observed. However, this gap is completely closed in
the college exit exam, implying that women improve more
than men as a result of the college experience. The results
suggest that women’s odds of improving their admission
scores are 3,53 times higher than those of men. In addition,
the models for global scores show that the regression
coefficients remain almost invariant for both genders where
English and citizenship skills are the most significant. In
other words, quantitative reasoning is not a determining
factor in the global scores of engineering students, since it
poorly explains the variances. Consequently, the closing ot
the gender gap in global scores is not necessarily related to
quantitative reasoning or reading skills.

In terms of the GLS, the results show that females close
the gap in the admissions test, which entails higher score
jumps. Furthermore, the highest score jumps are observed
on the campus where gender parity is significantly higher
(Palmira). Additionally, not only do women experience the
larger jumps, but these jumps are more pronounced for
women from public schools and lower-class backgrounds.

The highest GGS in favor of women was found in writing
skills. Mathematically speaking, this gap is also statistically
significant, but its effect is considered smaller when
compared to the gap in quantitative reasoning. In addition,
women’s odds of getting a high score in writing skills are
1,27 times higher than those of men. The data mining
approach was also consistent, confirming that men scoring
low in writing skills is a strong rule, with a confidence greater
than 75%. However, another mined association rule showed
a very interesting result, implying that a good performance
in quantitative reasoning for male students comes with a
poor performance in writing skills.

Finally, regarding disciplinary competencies, the results
show a significant gender gap in favor of men. This
result is very consistent in most of the disciplinary areas of
engineering. Moreover, men’s odds of getting a higher score
in disciplinary skills are only 44% when compared to general
skills (quantitative reasoning, reading, writing, etc.), which
means that general skill scores are very often higher than
those of disciplinary skills. In addition, for women students,
the odds decrease down to 14%, which is not only very low
but also means that the odds of getting a higher score in
disciplinary skills for a woman are much less than those of
men (34%). A possible explanation for this result may be the
reported idea that women’s performance is higher at tests
that assess knowledge acquisition rather than knowledge
application (UNESCO, 2019). In any case, this result may
lead to deep thoughts about disciplinary courses in STEM
programs, which probably not only need to be improved
but also might have to be gender-oriented.
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Cuadernos Económicos De ICE, 95, 125-149. https://doi.
org/10.32796/CICE.2018.95.6645

Gallego, L. (2021). Saltos y brechas. Universidad Nacional de
Colombia. https://repositorio.unal.edu.co/handle/unal/
80700

Garcı́a-Holgado, A., Mena, J., Garcı́a-Peñalvo, F. J., Pascual,
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niñas y las mujeres en ciencias, tecnologı́a, ingenierı́a
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