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driver for the development of
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Miguel Gonzalez-Mendoza!

Institute for the Future of Education, Tecnologico de Monterrey, Monterrey, Mexico, 2School of
Engineering and Sciences, Tecnologico de Monterrey, Monterrey, Mexico

This study analyzed the relationship between academic performance and the
development of transversal competencies of reasoning for complexity and digital
transformation in higher education students. The Tec21 educational model of the
Tecnologico de Monterrey was used as a framework for analysis. Data from 33,319
students were analyzed following a CRISP-DM methodology, first an exploratory
analysis was performed on the data to recognize and understand the presence of
competencies in the educational model. Machine Learning methodologies, including
Random Forest and XGBoost, were then employed to identify the most influential
curricular and co-curricular variables in the acquisition of studied competencies.
The results revealed a significant correlation between academic performance and
the acquisition of the competencies, highlighting that high grades are consistently
associated with success in developing these competencies. This study extends
the understanding of how competency-focused educational interventions can
facilitate professional and personal development in a labor market that demands
advanced skills and adaptability. The discussion focuses on the implications of
these findings for formulating educational policies and pedagogical practices that
prioritize both academic achievement and the comprehensive development of
essential 21st-century competencies. From a broader perspective, our work is
framed in the achievement of Sustainable Development Goal 4 Quality Education
and is oriented to identify variables that boost the acquisition of 21st Century
Skills in higher education contexts.

KEYWORDS
reasoning for complexity, educational innovation, higher education, digital

transformation, academic performance, students, competency-based education
performance, Tec21

1 Introduction

The effect of the pandemic in the organizational context has impacted the young population,
both in terms of job stability and recruitment processes, making it difficult to choose competent
candidates. It has been observed a 23% increase in post-pandemic unemployment rates among 18
to 24-year-olds, as well as a reduction in the earnings of those who remained employed, generating
a discouraging perception among young people regarding their professional expectations, so that
40% face the future with uncertainty and up to 14% do so with fear (UN, 2021). On the other hand,

01 frontiersin.org


https://www.frontiersin.org/journals/education
https://www.frontiersin.org/journals/education
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/feduc.2024.1426183&domain=pdf&date_stamp=2024-11-01
https://www.frontiersin.org/articles/10.3389/feduc.2024.1426183/full
https://www.frontiersin.org/articles/10.3389/feduc.2024.1426183/full
https://www.frontiersin.org/articles/10.3389/feduc.2024.1426183/full
https://www.frontiersin.org/articles/10.3389/feduc.2024.1426183/full
https://www.frontiersin.org/articles/10.3389/feduc.2024.1426183/full
mailto:jose.molina@tec.mx
https://doi.org/10.3389/feduc.2024.1426183
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/education#editorial-board
https://www.frontiersin.org/journals/education#editorial-board
https://doi.org/10.3389/feduc.2024.1426183

Molina-Espinosa et al.

three-quarters of American companies have expressed difficulties in
recruiting the right people for their vacancies, identifying critical
thinking, problem solving, innovation and creativity in the number one
missing soft skills (37%); followed by the ability to deal with complexity
and ambiguity (32%), and communication skills (31%) (WEE 2019). This
reality highlights the pressing need for organizations to adapt their
recruitment strategies and foster an environment that not only attracts
but also nurtures the requisite soft skills among the younger workforces.

Consequently, in the field of higher education, leaders of international
organizations have proposed guidelines that promote the construction of
competencies known as 21st century skills, through the collaborative
work of different nations. Such skills are framed within the Sustainable
Development Goals (SDGs) of the 2030 Agenda and of these, SDG 4
(UN, 2022a) stands out, which aims to ensure quality, inclusive and
equitable education, promoting learning opportunities that last
throughout life for all people (Oficina Regional de Educacion para
América Latina y el Caribe, 2017; UN, 2022b). The skills of the 21st
century arise from the emerging issues of the century in question. The
World Economic Forum (2016a) states that to face the challenges
imposed by the present, students need to acquire abilities that transcend
traditional learning systems, so that it is possible to develop skills linked
to technology and social and emotional learning that will be useful in the
labor scenario. In this context, with the arrival of the so-called fourth
industrial revolution or Industry 4.0, conceptualized from the
implementation of smart technology, big data, artificial intelligence (AI),
nano and biotechnology, the internet of things (IoT), among others,
workers of the present and future need to develop new skills to keep pace
with what organizations demand from them (Industrial Global Union,
2016; World Economic Forum, 2016b; Xu et al., 2022). Acknowledging
the rapid onset of Industry 4.0, it becomes imperative for educational
institutions to restructure curricula to encompass not only technology-
oriented skills but also the social and emotional competencies that are
crucial for students to navigate the multifaceted challenges of the current
labor landscape and beyond.

For the development of 21st century skills in employees, it is
necessary to first have an impact on the educational systems where the
concept of Education 4.0 has emerged (Gonzalez-Pérez and Ramirez-
Montoya, 2022; Kennedy and Sundberg, 2020; Patifo et al., 2023).
Ramirez-Montoya et al. (2022) state that education 4.0 derives from
the adaptation of new technology based on teaching-learning systems
to the changes that have arisen in higher education environments and
to the challenges and complexity imposed by the present; where the
integration of competencies such as complex thinking, and digital
transformation becomes necessary in higher education institutions as
a support for all their instructive processes (Miranda et al., 2021). As
strategies for the development of transversal competencies and the
promotion of a critical perspective of reality are implemented, it will
be possible to minimize the negative effects that COVID-19 pandemic
has generated in young people and contribute to a better training of
students for their optimal performance, both in the educational and
organizational contexts (Walsh et al., 2021; Rof et al., 2022).

2 Literature review

The 21st century skills are predictive of the challenges that may
be imposed by the digital transformation of various social scenarios.
Therefore, they prepare higher education spaces for the future needs
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of a constantly changing population and provide future professionals
with an awareness of the reality that transcends the physical teaching-
learning environments (Fadel, 2008). Despite the efforts of higher
education institutions to foster this type of competencies, there is
widespread ambiguity regarding the teaching criteria for assessing
performance and what is expected to be achieved in everyone, as well
as uncertainty (UN, 2021) as to the degree to which these skills impact
on the training and academic performance of students. Thus, it
becomes essential for higher education institutions to establish clear,
actionable criteria for teaching and assessing 21st century skills,
ensuring that students are not only equipped with these competencies
but also understand their tangible impact on academic and
professional success in a digitally transformed society.

There are some actions that respond to these needs that can
be implemented from higher education settings. Among such actions
we can find fostering skills, supporting teacher specialization, and
eliminating connectivity barriers (UN, 2021). Specifically, in this work
we will focus on exploring the effect of some of the most relevant
competencies recognized by UNESCO with the objective of knowing
to what extent curricular variables enhance the competencies of
reasoning for complexity, and digital transformation, together with
their sub-competencies. Likewise, there’s a need to know how the
development of those skills itself may impact the academic
performance of the students and, in turn, would impact in the near
future over their performance in organizational contexts.

2.1 Complex thinking and digital
transformation as transversal
competencies in higher education

Complex thinking (also called reasoning for complexity) refers to
the acquisition of multidimensional knowledge. This competency is
composed of four sub competencies: critical thinking, systemic
thinking, scientific thinking, and innovative thinking that allow
higher education students to reach problem solving in diverse
scenarios (Ramirez-Montoya et al., 2022). In general terms, critical
thinking refers to the application, analysis, synthesis, and evaluation
of information acquired or generated through processes of
observation, experience, reflection, reasoning, or communication as
guides for action. Systemic thinking is the reasoning necessary for
university students to analyze and understand complex global
phenomena. Innovative thinking refers to the creative capacity with a
tendency to succeed, and scientific thinking is a higher order capacity
that allows students to face the problems of today’s world, through
logical, analytical, systemic, inductive, and deductive problem solving
(Sudrez-Brito et al., 2022a,b). Therefore, the promotion of complex
thinking within higher education is crucial, as it arms students with a
multifaceted toolkit of sub competencies for analyzing and navigating
the complex landscape of contemporary global challenges.

On the other hand, digital transformation refers to the creation
of new paradigms in the changing relationships between individuals,
industry, and society, supported by the Internet of things and digital
technology. It is a global change of socio-economic relations within
a cyber-physical world (Mikheev et al., 2021; Garcez et al., 2022;
George-Reyes et al., 2023; Vazquez-Parra et al., 2023). For the
student community and faculty, digital transformation in higher
education improves scientific activity, teaching-learning processes
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and their experience, as well as the flow of information due to the
presence of distance courses and open access to educational
resources (Bygstad et al., 2022; Mikheev et al., 2021). Digital
transformation, therefore, catalyzes new interaction paradigms and
socio-economic shifts in higher education, enhancing scientific
activities, learning processes, and information accessibility through
digital technologies among the most prominent are the Internet of
Things (IoT), Cloud Computing, Virtual Reality, and 3D holograms.

2.2 Tec21 educational model

The Tec21 Educational Model, implemented by Tecnologico de
Monterrey, is a transformative initiative designed to align education
with the demands of the 21st century. It is characterized by four main
pillars: Challenge-based Learning, flexibility in learning modalities,
inspirational faculty, and an engaging university experience (Swain-
Oropeza and Renteria-Salcedo, 2019; Olivares Olivares et al., 2021;
Villanueva, 2018). This model contrasts with traditional educational
approaches by emphasizing real-world problem-solving,
interdisciplinary collaboration, and the integration of emerging
technologies, as seen in its application to engineering education to
meet Industry 4.0 needs (Lopez et al., 2021). The model has been well-
received by students, with surveys indicating a positive perception
compared to traditional models (Medina et al., 2021). It also satisfies
the requirements of a changing world by offering greater real-world
connection and flexibility (Pérez and Campos, 2021). Likewise, during
the COVID-19 pandemic, the model demonstrated resilience, with
Student Evaluation of Teaching (SET) scores remaining stable or even
improving, suggesting that the model’s characteristics may have
contributed to a successful transition to online learning (Campos
et al., 2022). Thus, interdisciplinary learning as a main characteristic
of this educational model, encourages the synthesis of ideas and
techniques from various fields, leading to greater creativity and
innovation; being especially important in industries that thrive on
new ideas and cutting-edge solutions.

Tec21 model encompasses seven transversal competencies that
aim to enhance the personal and professional development of
students. These competencies are: (1) Ethical and Citizen
Commitment, focusing on implementing projects that transform the
environment and promote the common good with an ethical
conscience and social responsibility; (2) Reasoning for Complexity,
which integrates various types of reasoning in problem analysis,
synthesis, and resolution, fostering continuous learning; (3)
Communication, involving the effective use of different languages,
resources, and communicative strategies according to the context; (4)
Digital Transformation, encouraging the strategic use of digital tools
to innovate and improve processes and products; (5) Self-Knowledge
and Management, which involves building a personal and professional
well-being project through lifelong reflection and resource integration;
(6) Innovative Entrepreneurship, generating innovative, versatile
solutions in changing environments that create value and positively
impact society; (7) Social Intelligence, developing effective
collaboration and negotiation environments in multicultural contexts,
respecting and appreciating the diversity of people, knowledge, and
cultures (Modelo Tec, n.d.; Villanueva, 2018). These competencies are
designed to prepare students not only for professional success but also
for personal growth and responsible citizenship.
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Specifically, the competencies of Reasoning for Complexity and
Digital Transformation within the Tec2l model distinguish
themselves by focusing on critical and forward-thinking skills
necessary for modern challenges. Reasoning for Complexity is
characterized by its emphasis on integrating various forms of
reasoning to tackle complex problems, promoting an interdisciplinary
approach and continuous learning, essential for adapting to ever-
evolving professional landscapes (Baena-Rojas et al., 2022, 2023;
Ramirez-Montoya et al., 2022). This competency stands out by
encouraging students to synthesize information from diverse fields,
enabling them to develop comprehensive solutions that consider
multiple dimensions of a problem. On the other hand, Digital
Transformation is notable for its focus on the strategic adoption of
digital technologies to innovate and enhance productivity and
creativity in various domains. It emphasizes not only the use of
digital tools but also the transformation of processes and
methodologies to stay relevant in the digital age (Aditya et al., 2021;
Teixeira et al., 2021; Ostmeier and Strobel, 2022). This competency
is particularly distinct in its direct response to the digital economy’s
demands, preparing students to be proactive in leveraging
technology for sustainable and impactful advancements. In sum, the
Tec21 Educational Model exemplifies Tecnoldgico de Monterrey’s
commitment to a dynamic, responsive, and comprehensive approach
to higher education, where students are equipped with critical,
technical, and social skills that empower them to lead and innovate
in a globally connected and digitally driven world.

The objective of the present study was to establish the relationships
between the performance of transversal competencies of complex
thinking and digital transformation and the variable of academic
performance, measured as the average of the student’s grades for the
academic program in the academic period in which these
competencies are promoted. The following research questions guide
this study:

1 How are transversal competencies in complex thinking and
digital transformation integrated and contribute to educational
outcomes in a competency-based educational model in
higher education?

2 What impact do students’ academic achievements have on the
development and performance of complex thinking and digital

skills in  the of higher

education outcomes?

transformation context

3 Method

This work pretends to explore the potential of data science,
following CRoss-Industry Standard Process for Data Mining (CRISP-
DM) methodology (Abbasi et al., 2016), in order to analyze student
performance by using the result of students’ assessment based on the
defined attributes or learning outcomes, on the records described in
previous section.

CRISP-DM s still the de facto standard for developing data
mining and knowledge discovery projects. In particular, when data
science projects become more exploratory the paths that the project
can take become more varied, and a more flexible model is called for.
Here, in the purpose of this project, we pretend to categorize,
depending on the available data and the corresponding match within
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objectives we defined, the experiments can deal with goal-directed
and exploratory cases.

This methodology facilitates business and data understanding,
data preparation, modeling, evaluation and deployment, ensuring that
each phase contributes significantly to aligning with business
objectives and extracting value from data. The iterative nature of
CRISP-DM is ideal for big data projects, where accuracy in handling
and analyzing complex data is crucial (Abbasi et al., 2016).

3.1 Data criteria and ethical considerations

In this work, we employed specific criteria to select and evaluate
the data used. The primary indicators for academic performance
included the final grades and GPA of students, while competencies
were assessed through predefined metrics in the Tec21 educational
model. These indicators were chosen based on their relevance and
proven reliability in previous educational research (IFE Data
Hub, 2023).

Ethical considerations were predominant throughout this
research. We adhered to strict data privacy protocols to ensure the
confidentiality of student information. Data were anonymized and
stored securely, following ethical guidelines established by the Institute
for the Future of Education (IFE)‘s Educational Innovation collection
of Tecnologico de Monterrey. We ensure that our research practices
upheld the highest standards of integrity and respect for
participant rights.

4 Results

The results section is organized according to the stages of the
CRISP-DM methodology. For each stage, the methods applied to the
information analysis and the consequent obtaining of results
are detailed.

4.1 Business understanding

Within the framework of the proposal of the Tec21 Model, the aim
is to complement educational resources with competencies through
the subjects taught to promote comprehensive development of the
student that facilitates their insertion into the market field. This
approach covers technical requirements and various soft skills that
allow the student to adapt to any situation that may arise in the present
or near future, in an environment where technology and problem-
solving acquire increasing relevance. Therefore, in Tec21, some
courses are complemented with two relevant competencies that meet
these objectives: Digital Transformation and Complex Thinking.

The analyzed dataset (IFE Data Hub, 2023) comes from the record
of the first six academic periods of operation of the Tec21 Model from
August 2021 to June 2023. The dataset records general information
(e.g., age, gender, school) of students and their relationships with
courses, competencies, and sub-competencies, generating repeated
rows. Each student has a variable number of rows depending on the
number of courses, the number of academic periods enrolled, and the
number of competencies associated with each course. The “unique()”
function algorithm for data frames from Pandas was used to find and
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return the unique student elements in the dataset, obtaining 33,319
higher education students, of which 56.46% are men and 43.54% are
women. They have an average age of 18.7. They come from 52 different
countries, the majority (93.2%) being Mexican, followed by students
from the United States (2.98%), and the rest distributed mostly
through Latin American countries in order: Ecuador, Honduras,
Guatemala, Venezuela, among others. Students are enrolled in five
different schools according to the discipline: Architecture and Design
(EAAD), Social Sciences and Government (ECSG), Humanities &
Education (EHE), Engineering & Sciences (EIC), and Business (EN).

4.2 Data understanding

The data understanding phase initially focuses on the detailed
analysis of each of the columns of the data set to discern its potential
relevance to the study. This process involved a thorough evaluation to
identify the possible values of each column and thus determine its
usefulness. Data dictionary was consulted to obtain a general
description of the information contained in each column or variable.
It was ensured that all columns in the data set were present as
documented, with no missing items, and that the data matched their
descriptions. In those cases where the descriptions did not match the
data found, an effort was undertaken to understand the nature of the
data available.

Through this exhaustive analysis, 45 columns were identified
within the data set, of which 26 are categorical and 19 are numerical.
Of the numeric columns, 14 have float values, and 5 have integer
values, covering a total of 583,073 rows. A detailed analysis was
carried out for each categorical column, identifying the possible values
they could assume. We observed columns with a limited number of
possible values, such as student gender, which only includes Male and
Female, and other columns, such as dates, which present a wide range
of possible values. The Python programming language (Python
Software Foundation, 2024) and the Dask library (Dask Development
Team, 2024) were used to analyze the numerical variables. A
descriptive statistics analysis was obtained that included the count of
non-null values, the mean, the standard deviation, the minimum, the
maximum, and the quartiles. The use of the Dask library was preferred
over the Pandas library (McKinney, 2010) due to the large volume of
data. Dask improves memory efficiency by processing data in chunks
unlike pandas, which require loading the entire data set into RAM
memory. This allowed us to run the analysis using a computer with
fewer hardware resources.

4.3 Data preparation

The data preparation stage constitutes a crucial step in the analysis
process, where the data set is subjected to a series of transformations
to optimize it for subsequent modeling and evaluation. Initially, the
data set was divided into two different subsets, each corresponding to
one of the focal competencies of the study: ‘Digital Transformation’
and ‘Reasoning for Complexity, using the column that describes the
competencies as a separation criterion. Within each subset, special
attention was paid to the variable that shows the level assigned to the
student in said competence, which indicates with the terms ‘Observed’
and ‘Not observed’” whether the corresponding competence was
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acquired or not, respectively. To facilitate subsequent analysis, these
terms were coded numerically as 1 and 0.

Data preparation included a detailed assessment of the null
values in each data set. During this analysis, we identified several
columns with a high proportion of null values, the presence of which
not only lacked relevance to our research objectives but also
compromised the integrity of the remaining data set. Removing all
rows containing null values would have resulted in a significant loss
of valuable data in other columns. Since filling in these null values
was not feasible due to their volume, and their relationship to our
objective was nonexistent, we opted to discard such columns to
preserve the quality of the other relevant variables. Subsequently,
those columns with some unique identifiers such as ‘student.id,
columns with detailed descriptions such as ‘subject.longName, and
columns that represented uniqueness in all their values such as
‘group.isLIFE’ and ‘group.isAcademicSupport’ were removed. Finally,
the acquired level column was segregated from the rest to prepare it
for use in prediction.

4.4 Modeling and evaluation

In the modeling and evaluation stage, we created a data model
corresponding to each of the research questions. Concerning
research question 1, we identified the number of courses that
promote the competency of complex thinking or digital
transformation. We then grouped these courses according to the
discipline where they are taught. Figure 1 shows the distribution of
the number of courses where Complex Thinking or Digital
Transformation competencies are involved according to academic

10.3389/feduc.2024.1426183

schools’ different disciplines of knowledge. The results of this
analysis revealed a greater incorporation of both competencies in the
School of Engineering and Sciences (EIC). The rest of the schools
present a similar number of courses where the two competencies of
the present study are involved. This distribution reflects the emphasis
and relevance that the Tec21 Model assigns to the competencies of
Complex Thinking and Digital Transformation in the field of
engineering, thus underlining its importance in the comprehensive
training of students in this area.

Modeling and evaluation concerning research question 2 were
performed through the application of machine learning models.
Machine Learning methodologies were capable of providing insights
into the relative importance of the different variables in the dataset.
Special emphasis was placed on the identification of the most relevant
characteristics (feature importance) that influence the obtaining by
students of Complex Thinking and Digital Transformation
competencies. Based on the data model, Random Forest RF (Schonlau
and Zou, 2020), and XGBoost (Chen and Guestrin, 2016) techniques
were applied to determine the variables that most influence the
attainment of complex thinking and digital transformation
competencies. Additionally, Logistic Regression (Bailly et al., 2022),
and Support Vector Machine (SVM) (Cervantes et al., 2020) models
were included to validate the predictive capacity of the analysis,
comparing the relevance of the characteristics identified by the RF and
XGBoost models. Data processing included the selection of potentially
significant variables, such as student demographic information, course
details, and previous grades, as well as the treatment of categorical
variables and the normalization of numerical variables. The data set
was divided into a ratio of 80% for training and 20% for testing, to
evaluate the robustness of the models.

Comparison of the Number of Courses by Competency in Each School

EEE Reasoning for Complexity
EEm Digital Transformation

Number of courses

FIGURE 1

Domain Knowledge

Number of courses containing complex thinking or digital transformation competencies among academic schools.
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Results indicated that the student final_grade variable emerged
as the most influential characteristic in obtaining proficiency,
standing out considerably over the other variables in the Random
Forest and XGBoost models. According to the data dictionary,
final_grade corresponds to the student’s final grade for the subject.
In these models, the final_grade variable received approximately
twice the importance of any other characteristic, with other
variables such as semester GPA showing less relevance. This finding
was consistent in both models, which reinforces their validity.
However, it is important to highlight that a significant imbalance
was observed in the dataset, with more than 90% of the records
indicating obtaining Complex Thinking or Digital Transformation
competencies. This imbalance could induce a bias in the models,
predisposing them to predict obtaining such competencies more
frequently due to the underrepresentation of negative cases. Despite
this limitation, the models showed high performance in the
precision, recall and F1 score metrics, for both the positive and
negative classes, with a precision value ranging from 0.78 to 0.97,
suggesting a capacity robust predictive within the context of the
present imbalance.

To obtain a more detailed understanding of the impact of the final
grade on the acquisition of specific competencies, Figure 2, shows box
plots describing the difference between obtaining and not obtaining
Complex Thinking and Digital Transformation competencies, using
the final grade as a comparison variable. In the analysis of these
visualizations, it was observed that students who managed to acquire
the competencies consistently presented higher final grades. In the
boxplots corresponding to the acquisition of competencies, the
median and quartiles were substantially above the threshold of 70,
thus highlighting the positive correlation between high final grades
and the achievement of competencies. On the other hand, students
who did not acquire the competence showed a distribution of scores
that, although more varied, focused on a lower median, particularly

10.3389/feduc.2024.1426183

in the Complex Thinking competence, where outliers below a
numerical grade of 35 were observed.

Boxplots of Figure 2, revealed not only reinforce the premise that
the final grade is a significant predictor for obtaining competencies
but also show a general trend of lower grades associated with not
obtaining competencies. Despite the presence of outliers and the wide
distribution of qualifications for not obtaining Digital Transformation,
the relationship between high qualifications and the acquisition of
competencies remains robust. This finding underscores the
importance of the final grade as a critical variable in the educational
model and suggests that, despite the full range of grades, there is a
distinctive division in the attainment of competencies based on
academic performance.

An analysis was performed to estimate the probability of
acquiring the competencies of Complex Thinking and Digital
Transformation based on the score obtained in the final_grade
variable. Table 1 shows the score ranges of the final_grade variable
for the probability of obtaining each of the two competencies under
study. Table 1 shows a segmentation of the range of scores into four
categories: from 0 to 69, from 70 to 79, from 80 to 89, and from 90 to
100. The findings revealed an incremental pattern: for students with
scores in the range of 0 to 69, the probabilities of acquisition were
46.63% for Complex Thinking and 44.80% for Digital Transformation.
This percentage almost doubled for the next range of scores, with
83.20% for Complex Thinking and 89.67% for Digital Transformation
in the range of 70 to 79. The upward trend remained consistent for
the higher ranges, culminating in those with scores of 90 to 100 had,
on average, a 98.64% probability of acquiring Complex Thinking and
a 98.88% for Digital Transformation. These data suggest that there is
a relationship between the final grade (final_grade variable) and the
probability of obtaining a competency, indicating that higher
academic performance may be associated with the achievement
of competencies.

Complex Thinking: Grades vs. Competence Digital Transformation: Grades vs. Competence
100 1 100 A
80 80 A
60 60 -
[ QO
o °
o o
[¢] 5]
3 §
F a0 F a0
20 20 A
04 0
0.0 10 0.0 10
Acquired competence Acquired competence
FIGURE 2
Boxplots distribution for final grade and acquisition of complex thinking and digital transformation competencies.
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TABLE 1 Association between student’s final grade ranges and the
percentage of competency acquisition.

Grade range Complex Digital
thinking transformation

0-69 46.63% 44.80%

70-79 83.20% 89.68%

80-89 93.44% 95.41%

90-100 98.64% 98.88%

4.5 Linking data to discussion

To substantiate our findings, we performed a comprehensive
statistical analysis using Random Forest and XGBoost models. The
final grades emerged as the most influential factor in acquiring
competencies, as depicted in Table 1. This correlation aligns with our
hypothesis that academic performance is a significant predictor of
competency acquisition.

The box plots in Figure 2 further illustrate the distribution of final
grades among students who acquired competencies versus those who
did not. As shown, students with higher final grades were more likely
to develop competencies, supporting our discussion on the impact of
academic achievement on competency development.

These data points are critical in understanding the broader
implications of our findings. They demonstrate a clear link between
academic performance and the development of essential competencies,
validating the criteria established for this study.

5 Discussion

A competency-based educational model has an independent
relationship between grades received and competencies acquired.
Table 1 shows that the higher the grade, the higher the probability of
acquiring the Complex Thinking and Digital Transformation
competencies. This relationship also implies that not all of the students
who obtain one of the two competencies that are being studied will
pass the course. Likewise, not all students who perform well acquire
these competencies.

The modeling and evaluation related to the research questions
were carried out through the application of automatic learning
models, providing an adequate analysis. As shown in Figure 1, the
distribution of courses containing the competencies of analysis was
established and the presence of them was differentiated among
Academic Schools that make up the Institution; unlike previous
studies (Swain-Oropeza and Renteria-Salcedo, 2019), where the
competencies were analyzed transversally without distinguishing the
area of specialization of the participants. Data processing included the
selection of potentially significant variables, as well as the treatment
of categorical variables and the normalization of numerical variables,
in order to assess the robustness of the models for each
Academic School.

The educational model (Tec21) from which the data was obtained
for the study is based on competencies. In Tec 21 there are two
evaluation factors: on the one hand, the final grade and, on the other
hand, the obtaining of the competencies associated with each course.
These evaluation factors are independent. Thus, a student can pass
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the course (when obtaining a final grade >=70/100) but not obtain
the competencies. Similarly, a student might obtain the competencies
but fail the course. Because competencies are not exclusive to a single
course but are distributed in a group of courses, a student who did
not achieve a competence will have the opportunity to achieve it in
other classes. When a student accredits a level of competence through
a course, this level is marked as achieved in the student’s record of
competencies and can no longer be reversed. If the student
subsequently fails a previously achieved competence, the student
does not have to reaccredit that competency. An analysis
corresponding to obtaining competencies with valid results was
performed, even with the limitation of the specific data analyzed in
this study as seen in section 3.4. A careful selection of the analyzed
database was carried out, highlighting the values of interest according
to the CRISP-DM methodology (Abbasi et al., 2016). Thus, the
models developed by analyzing the database, showed high
performance in their accuracy.

The relationship between high grades for students and the
acquisition of competencies is demonstrated analytically. Figure 2
shows the above statement. In Salas Velasco (2014), a proposed model
for the development of competencies in their graduates is described
by assuring that evaluation positively improves competencies with
strong econometric evidence. Then, the premise that the final grade is
a significant predictor for the attainment of competencies and its
opposite effect at par is reinforced. However, results should be taken
carefully, as the observed correlation does not necessarily imply
causation. Further investigation is needed to fully understand the
underlying factors and to confirm these findings across different
contexts and populations.

An analysis was performed to estimate the probability of
acquiring the competencies analyzed related to a more precise score
range by the students. Table 1 shows the score ranges of the final
variable for the probability of obtaining each of the two competencies
under study. There are not many references that converse between
grades and competencies, although (Chernikova et al., 2020)
comments that diagnostic competencies are adequate for less
advanced students, or that self-regulation levels are more effective
for advanced students, there is no consistent analysis between grades
for this level of students. The data in this paper support the idea that
students’ final grades are a significant indicator of their likelihood of
achieving competencies, highlighting a direct correlation between
high academic performance and the acquisition of competencies
valued by the educational institution. This implies that students who
achieve higher final grades are more likely to obtain the competencies
that the educational institution deems important. It suggests that
academic performance, as measured by final grades, is closely related
to the attainment of key skills and knowledge that the institution
aims to impart. Therefore, focusing on academic success could be a
crucial pathway to ensuring students acquire these
valuable competencies.

It's worth mentioning that final grades may also be influenced
by various external factors such as teaching quality, assessment
methods, and individual student circumstances, which could affect
the generalizability of the results. For example, variations in
teaching quality across different instructors or courses can lead to
differences in grading standards and student performance.
Similarly, assessment methods that favor certain types of learners
over others can skew final grades, making them less reliable as
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indicators of competency attainment. Individual student
circumstances, such as socioeconomic status, health issues, or
personal responsibilities, can also impact academic performance
and, consequently, final grades. Given these complexities, a holistic
approach that considers multiple factors is essential to draw more

comprehensive conclusions.

6 Conclusion

This research has shown a significant relationship between
academic performance and acquiring transversal competencies of
complex thinking and digital transformation in higher education.
These findings are consistent with previous studies highlighting
the importance of outstanding academic performance as a
predictor of a student’s ability to develop critical and advanced
skills needed in the digital age (e.g., Salas Velasco, 2014;
Chernikova et al., 2020). Thus, our study not only reaffirms the
observed correlation between final grades and the acquisition of
competencies but also broadens the understanding of how
curricular and extracurricular variables influence this process. The
ethical considerations adhered to throughout the study ensure that
these conclusions are drawn from a robust and ethically
sound dataset.

By demonstrating how competency-based educational models,
such as Tecnologico de Monterrey’s Tec21 Educational Model, can
positively impact students’ professional and personal development,
the results significantly contribute to the field of educational
innovation. Through its focus on specific skills that are critical to
the contemporary labor market, this empirical study provides a
solid foundation for future educational theories and models that
are responsive to these dynamics.

From a practical perspective, the results underscore the
importance of designing educational interventions that focus not only
on academic performance but also on the comprehensive development
of competencies crucial in the contemporary labor market. This
approach is especially relevant within the framework of Tecnologico
de Monterrey’s Tec21 educational model, which seeks to prepare
students for academic success and outstanding performance in
complex and changing professional contexts.

Limitations and future direction. A crucial aspect that emerges
from this study is the variability in the influence of specific
competencies on academic outcomes, considering additional variables
and diverse educational contexts to further validate and expand upon
these findings by keeping ethical aspects. Although a strong
association was observed between high grades and the acquisition of
competencies, it is necessary to recognize that not all high-achieving
students achieve these competencies, suggesting the existence of other
mediating or moderating factors in this process, such as personal
motivation, teaching methods, and the learning environment. In
addition, the prevalence of acquired competencies in our dataset
could induce bias in the predictive models used, suggesting the need
for future research to employ alternative methods to control these
deviations and explore the underlying causes of these differences.
Based on the limitations and findings of the study, it is recommended
that future research explore the mediating and moderating factors that
influence the relationship between academic performance and
competency acquisition. In addition, it would be beneficial to
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investigate how different teaching methods and learning environments
may affect the development of cross-cutting competencies.
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