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ORIGINAL ARTICLE 

Abstract 
In the 21st century, engineering educa@on must respond to a highly technological 
and globalized environment, demanding professionals with strong technical 
competencies, innova@on capacity, and problem-solving skills. Digital 
transforma@on and industrial evolu@on require engineers capable of handling 
advanced tools, working collabora@vely, and managing resources efficiently. This 
study analyzes the level of professional competencies in engineering students 
from two Colombian universi@es as part of a broader research project (n=265). 
Technical, management, communica@on, and ethical competencies were assessed 
through a self-administered online ques@onnaire. The results reveal strengths in 
technical and management skills (M= 3.864; SD= 0.791) but significant deficiencies 
in English communica@on (M= 2.509; SD= 1.000). These findings highlight the need 
for pedagogical strategies that reinforce comprehensive educa@on, ensuring the 
balanced development of all competencies. The study concludes that the type of 
ins@tu@on influences training, while age and gender have a limited impact. 

https://revistatransformar.cl/index.php/transformar
https://orcid.org/0000-0002-4326-1660
https://orcid.org/0000-0001-8211-5132
https://orcid.org/0009-0004-4351-2871
https://orcid.org/0000-0003-4548-1058
https://orcid.org/0000-0002-4856-9752
mailto:fernandovera@rediie.cl


REVISTA ELECTRÓNICA TRANSFORMAR  
TRANSFORMAR ELECTRONIC JOURNAL 

ISSN 2735-6302 
Volumen 06 | Nro. 01 | marzo 2025 

h:ps://revistatransformar.cl/index.php/transformar 
 

 

 37 
Los ar'culos de Revista Electrónica Transformar® de Centro Transformar SpA, Chile se comparten bajo 

licencia Crea@ve Commons Chile: Atribución-NoComercial-SinDerivadas 4.0 Internacional BY-NC-ND. 

Introduc:on 
Engineering Competencies for the 21st Century 

Currently, the pracLce of engineering requires a set of competencies that enable professionals to face 
the challenges of a highly technological and globalized world (Hissey, 2000; Munir, 2021; Vera, 2024a). 
First, criLcal thinking and problem-solving skills are essenLal, as engineers must analyze complex situaLons 
and propose innovaLve soluLons. AddiLonally, creaLvity and adaptability are fundamental in an 
environment that is constantly evolving due to advances in arLficial intelligence, automaLon, and 
digitalizaLon. For this reason, engineering educaLon has evolved to integrate acLve learning 
methodologies, promoLng the development of pracLcal and applied skills (Vera et al., 2024). However, 
challenges remain in the implementaLon of pedagogical approaches that effecLvely foster these 
competencies at all levels of educaLon. 

 
The training of engineers in the 21st century is undergoing an unprecedented transformaLon driven 

by rapid technological evoluLon, globalizaLon, and the need for new skills to address modern world 
challenges. Engineering educaLon has transiLoned from a knowledge-based approach to a competency-
development model, marking a fundamental paradigm shi| in the discipline (Sangwan et al., 2022). 
Consequently, globalizaLon has redefined the role of engineers, requiring communicaLon skills and 
collaboraLve work in mulLdisciplinary and mulLcultural teams (Jiang et al., 2023; Zhang, 2024). In this 
context, proficiency in a second language, especially English, has become a key requirement for accessing 
internaLonal academic and professional opportuniLes. 

 
Furthermore, leadership and project management skills are crucial, as engineers must coordinate 

complex processes, opLmize resources, and make strategic decisions in diverse scenarios. However, 
although many universiLes have incorporated these skills into their curricula, gaps remain in the 
comprehensive training of students. Therefore, it is necessary to strengthen interdisciplinary educaLon 
strategies that allow for the effecLve integraLon of technical and socio-emoLonal competencies. 

 
Sustainability and professional ethics have also gained greater relevance in engineering pracLce. Given 

the significant environmental impact of technological and infrastructure projects, 21st-century engineers 
must be trained to design sustainable soluLons that minimize ecological damage (Quelhas et al., 2019). 
Likewise, social responsibility and professional ethics are essenLal to ensuring that technological 
innovaLons align with human well-being and equitable development. Consequently, educaLonal 
insLtuLons must prioriLze values-based educaLon, promoLng a holisLc vision that combines technical 
excellence with social responsibility. Only in this way will it be possible to prepare engineers capable of 
responding to future challenges with knowledge, innovaLon, and commitment. 

 
Similarly, global collaboraLon has become an essenLal aspect of professional engineering pracLce. 

New engineers are expected to have intercultural competencies that enable them to work effecLvely in 
diverse, mulLdisciplinary, and geographically dispersed teams (Rawboon et al., 2021). In this sense, 
programs such as InternaLonal Virtual Engineering Student Teams (InVEST) have been specifically designed 
to foster the development of skills for funcLoning in virtual and intercultural environments, thereby 
promoLng a comprehensive, globally oriented educaLon that prepares students for the demands of 
internaLonal collaboraLon (Ndubuisi & Marzi, 2021). 
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To address these challenges, this study poses the following research quesLons: 
1. What is the level of development of technical and disciplinary competencies among students? 
2. Are there significant differences in the development of these technical and professional 

competencies according to the academic semester? 
3. Are there variaLons in the development of technical and disciplinary competencies based on 

students' insLtuLonal affiliaLon? 
4. Do age and gender influence the development of technical and disciplinary competencies? 
 

Engineering EducaOon in Colombia 
Engineering educaLon in Colombia has been a fundamental pillar for the country’s economic and 

social development (Pulido et al., 2024). Since the establishment of the first engineering faculLes in the 
19th century, educaLon in this discipline has evolved significantly, integraLng emerging technologies such 
as arLficial intelligence, blockchain, and the Internet of Things (Zabaleta & Rodríguez, 2023) to adapt to 
the needs of the producLve sector and technological advances. 

 
This has generated the need for interdisciplinary training, as modern engineering increasingly overlaps 

with other scienLfic and technological disciplines. The growing convergence of engineering with these 
areas requires study programs to be adapted and updated to foster systems thinking, problem-solving 
abiliLes, and effecLve collaboraLon among diverse fields (Gołuch et al., 2024). In this sense, the concept 
of Industry 4.0, based on automaLon, roboLcs, and data analysis, calls for a fundamental rethinking of 
engineering educaLon. This shi| prioriLzes challenge-based learning, hands-on experiences, and the 
seamless integraLon of emerging technologies to ensure graduates are prepared for the evolving demands 
of the workforce (Caratozzolo et al., 2022). 

 
Currently, the availability of engineering programs is broad and diverse, offering mulLple 

specializaLons that address contemporary challenges in infrastructure, technology, sustainability, and 
digitalizaLon (Pertuz et al., 2020). These programs aim to equip students with the technical knowledge and 
problem-solving skills required to navigate an increasingly complex and evolving professional landscape. 
However, significant challenges persist regarding educaLon quality, curricular relevance, and graduates' 
employability. Many insLtuLons struggle to align their curricula with industry demands, resulLng in gaps 
between academic preparaLon and labor market expectaLons. AddiLonally, as the global workforce 
becomes more compeLLve, engineering graduates must develop interdisciplinary skills, adaptability, and 
internaLonal competencies to successfully integrate into a fast-changing and technologically driven world. 

 
On the other hand, the regulaLon of engineering educaLon in Colombia falls under the Ministry of 

NaLonal EducaLon and the NaLonal AccreditaLon Council (CNA), enLLes responsible for establishing 
guidelines to ensure quality standards in academic programs. High-quality accreditaLon has become a key 
goal for many HEIs, as it not only strengthens universiLes' reputaLons but also facilitates graduates' 
integraLon into the internaLonal academic and labor market (Gabalán-Coello et al., 2019; Suárez-
Landazábal & Buendía, 2020). Despite these efforts, significant gaps persist between elite universiLes and 
those with fewer resources, affecLng equity in access to quality engineering educaLon. 
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AddiLonally, engineering program curricula in Colombia have undergone transformaLons to align with 
internaLonal standards and industrial sector demands (Burbano, 2016; Ulloa et al., 2018). TradiLonally, 
engineering educaLon has focused on mathemaLcal and scienLfic fundamentals, but in recent years, a 
more integraLve approach has been promoted, including transversal competencies such as project 
management, innovaLon, and entrepreneurship. This curricular evoluLon aims to meet labor market 
needs and prepare engineers with the skills to face the 21st-century challenges, including digital 
transformaLon (Malik et al., 2021) and environmental sustainability (Vera, 2022). 

 
Furthermore, technology and globalizaLon have significantly impacted engineering educaLon 

(Tsakalerou, 2019). DigitalizaLon has driven the adopLon of advanced learning-teaching tools, such as 
simulaLons, virtual laboratories, and arLficial intelligence applied to educaLon. Likewise, globalizaLon has 
led many Colombian universiLes to establish partnerships with foreign insLtuLons and internaLonal 
academic networks, allowing for academic mobility and joint project development. These dynamics have 
favored the conLnuous updaLng of study programs and strengthened the internaLonalizaLon of 
engineering educaLon (Figure 1). 

 
Figure 1: Impact of technology and globaliza@on on engineering educa@on 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                 Source: Own elabora@on. 
 
However, despite advances in engineering educaLon in Colombia, fundamental challenges remain 

that need urgent a:enLon. One of the main issues is the gap between academia and industry (Aguirre-
Álvarez et al., 2023), as discrepancies sLll exist between the training received by students and the skills 
required in the labor market. Although programs such as professional internships and dual educaLon have 
sought to narrow this gap (Hernández & Goe, 2015), their implementaLon remains uneven across 
universiLes, limiLng pracLcal learning opportuniLes for many students.  
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AddiLonally, training in so| skills (Vera & Tejada, 2020) and criLcal thinking (Vera, 2020; Vera, 2023) 
remains a pending task in many academic programs. The lack of a comprehensive approach in these areas 
can affect future engineers' ability to adapt to dynamic and highly compeLLve work environments. 
Therefore, it is crucial to strengthen pedagogical strategies that promote the development of these key 
competencies. 

 
On the other hand, engineering educaLon in Colombia also faces the challenge of student dropout 

(Arias et al., 2023; Casanova et al., 2021). Factors such as course difficulty, lack of proper career guidance, 
and socioeconomic problems have led many students to abandon their studies before compleLng their 
degrees. In this regard, strategies such as academic support, mentoring, and strengthening basic educaLon 
in mathemaLcs and science have proven effecLve in reducing dropout rates. However, their 
implementaLon remains inconsistent across the country, as not all insLtuLons have the necessary 
resources or policies to ensure their effecLveness. AddiLonally, psychological and emoLonal support 
programs play a crucial role in student retenLon, yet they are o|en underuLlized. Addressing these 
challenges requires a comprehensive approach that integrates insLtuLonal commitment, public policies, 
and greater access to educaLonal resources to enhance student success and retenLon in engineering 
programs. 

 
As seen, engineering educaLon in Colombia has achieved significant progress in terms of quality and 

curricular relevance, but structural challenges remain that require a:enLon. In this context, strengthening 
Les with the producLve sector, ensuring equity in access to quality educaLon, and integraLng new 
technologies into the learning-teaching process are key aspects for enhancing engineering training in the 
country (Pulido et al., 2024). Only through integral and sustainable strategies can engineering graduates 
be fully prepared to contribute to naLonal development and address the challenges of an increasingly 
technological and globalized world. 

 
InnovaOon and Entrepreneurship in Engineering EducaOon 

The integraLon of creaLvity into engineering educaLon is posiLoned as a criLcal factor for developing 
leadership and adaptability skills in today’s dynamic technological environment (Higuera Marnnez et al., 
2020). In this context, fostering creaLvity among engineering students becomes substanLally relevant, 
enabling them to lead innovaLve projects and effecLvely respond to the constant evoluLon of the 
technological landscape. AddiLonally, creaLve thinking enhances problem-solving abiliLes, criLcal analysis, 
and interdisciplinary collaboraLon (Šuligoj et al., 2020), which are essenLal for future engineers. By 
integraLng innovaLon-driven methodologies, engineering programs can empower students to design and 
implement groundbreaking soluLons for emerging challenges in diverse fields. 

 
In addiLon to fostering technical proficiency, these iniLaLves encourage interdisciplinary 

collaboraLon, creaLvity, and leadership—key a:ributes for future engineers. By engaging in hands-on 
projects, industry partnerships, and startup incubators, students gain exposure to real-world challenges 
and develop entrepreneurial mindsets. Furthermore, integraLng these elements into engineering curricula 
ensures that graduates are not only equipped with theoreLcal knowledge but also pracLcal experience, 
be:er preparing them for dynamic job markets.  
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This holisLc approach enhances employability and empowers future professionals to lead 
technological and industrial transformaLons with confidence and adaptability. By combining technical 
experLse with essenLal so| skills, students are be:er posiLoned to navigate uncertainty, work 
collaboraLvely across disciplines, and innovate in complex environments. Such integraLon not only 
benefits individual career trajectories but also contributes to the broader advancement of society by 
culLvaLng engineers who are capable of addressing global challenges through sustainable, inclusive, and 
forward-thinking soluLons. 

 
Moreover, they equip students with the adaptability and problem-solving abiliLes necessary to 

navigate an increasingly complex and technology-driven world (Figure 2). 
 

Figure 2: Innova@on & entrepreneurship in engineering educa@on 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                          

 Source: Own elabora@on. 
 
Recent evidence supports the idea that educaLonal programs incorporaLng project-based learning 

methodologies and immersive experiences in real work environments significantly enhance students’ 
capacity for innovaLon (Caratozzolo et al., 2022). These approaches allow students to develop criLcal 
thinking, problem-solving skills, and adaptability, which are essenLal for success in a rapidly evolving 
technological landscape. AddiLonally, entrepreneurship training within the engineering curriculum 
provides graduates with essenLal tools for creaLng technology startups, fostering business innovaLon, and 
strengthening the industrial ecosystem. By integraLng these elements into engineering educaLon, 
universiLes can be:er prepare students to lead technological advancements, drive economic growth, and 
respond effecLvely to emerging global challenges. 
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InternaOonalizaOon of Engineering EducaOon 

The internaLonalizaLon of engineering educaLon has gained increasing relevance in an 
interconnected and highly technological world (Kassler & Zeng, 2024; Luna et al., 2023; Tossavainen, 2009). 
Higher educaLon insLtuLons have implemented strategies to expand student and faculty mobility, 
promote dual-degree programs, and establish partnerships with foreign universiLes. As a result, students 
have greater opportuniLes to access academic experiences in diverse contexts, allowing them to develop 
intercultural skills and strengthen their professional training. 

 
Furthermore, the adopLon of internaLonal standards in curricula, such as the AccreditaLon Board for 

Engineering and Technology (ABET) criteria, facilitates global recogniLon of degrees awarded by local 
universiLes, enabling graduates to access job and academic opportuniLes in different countries (Ahmad & 
Qahmash, 2020). However, significant challenges persist, including economic and administraLve barriers 
that limit many students' parLcipaLon in internaLonalizaLon programs, affecLng their access to 
educaLonal experiences abroad. AddiLonally, differences in credit and cerLficaLon validaLon can hinder 
student mobility. Therefore, it is essenLal for insLtuLons to design inclusive strategies that ensure 
equitable access to these opportuniLes, fostering financial aid policies and internaLonal partnerships that 
strengthen the global training of future professionals. 

 
On the other hand, globalizaLon is an unavoidable process in educaLon, represenLng one of the main 

development trends in this context (Li, 2022). As a result, it has driven the need to train engineers with an 
internaLonal perspecLve, enabling them to tackle complex problems from a mulLdisciplinary approach. In 
this regard, curricula have evolved to broaden their scope, incorporaLng acLve learning methodologies, 
advanced digital competencies, and collaboraLve experiences with insLtuLons from other countries. 
Moreover, the internaLonalizaLon of engineering educaLon not only benefits students but also enhances 
insLtuLonal development and scienLfic producLon (Fomunyam, 2020). Through academic cooperaLon 
networks, universiLes can parLcipate in joint research projects, share best teaching pracLces 
(benchmarking), and access internaLonal funding. 

 
As a result, an innovaLon ecosystem is created, boosLng educaLonal quality and the generaLon of 

knowledge applied to solving global challenges. AddiLonally, the presence of students and faculty from 
different countries enriches cultural diversity in classrooms, fostering the exchange of ideas and 
perspecLves. Therefore, it is essenLal for universiLes to implement sustainable policies that allow for the 
long-term consolidaLon of internaLonalizaLon processes. Only through a strategic and inclusive approach 
can engineering educaLon effecLvely respond to the demands of a constantly evolving world. 

 
Indeed, while these iniLaLves strengthen the preparaLon of future engineers, gaps sLll exist in 

program validaLon and competency cerLficaLon across different educaLonal systems. To overcome these 
limitaLons, it is necessary to reinforce internaLonal agreements and ensure that students receive training 
adaptable to different job markets, thus consolidaLng their employability in a globalized context. 
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Materials and Methods 

 
This study is based on the posiLvist paradigm and employs a strictly quanLtaLve methodology 

(Johnson et al., 2007). A non-experimental, cross-secLonal design was adopted (Green et al., 1989), 
uLlizing a descripLve approach that allows for analyzing the phenomenon of interest without manipulaLng 
variables. To ensure applicability and relevance in real-world contexts, the research follows a field-based 
design, collecLng data directly from parLcipants in their natural educaLonal environments. This facilitates 
the observaLon and measurement of variables as they naturally occur, thereby enhancing the validity of 
the findings. 

 
As a non-experimental study, it avoids the influence of controlled condiLons that might introduce bias, 

offering a realisLc representaLon of the phenomenon in its current state. This methodological approach 
ensures that the results are reliable and objecLve, allowing for the collecLon of measurable and verifiable 
data. 

 
This study includes a comparaLve case study conducted at two Colombian universiLes, each 

represenLng a disLnct educaLonal modality. One insLtuLon follows a hybrid learning model, combining 
online and in-person instrucLon, while the other operates under a tradiLonal face-to-face format. By 
examining these two different educaLonal se�ngs, the study seeks to idenLfy potenLal variaLons in the 
development of professional competencies among engineering students. 

 
This dual-case approach enables a more comprehensive understanding of how insLtuLonal learning 

environments, pedagogical strategies, and access to resources influence the acquisiLon of technical, 
managerial, communicaLve, and ethical competencies. Furthermore, it provides insights into how hybrid 
and in-person educaLonal models impact student learning experiences, allowing for a more nuanced 
analysis of the factors contribuLng to competency development in engineering educaLon. 

 
ParOcipants 

This study is based on a convenience and voluntary sample of 265 university students from various 
engineering disciplines, with an average age of 23 years and a standard deviaLon of 4.52 years. The 
parLcipants are primarily enrolled in Industrial Engineering, Systems Engineering, and Food Engineering 
programs and come from HEIs offering both in-person and hybrid learning modaliLes. 

 
Regarding gender distribuLon, the sample consists of 168 men (63%) and 97 women (37%), reflecLng 

a prevalent trend in engineering programs where male students tend to outnumber their female 
counterparts. Before parLcipaLng, students were informed about the objecLves of this research project, 
ensuring transparency and voluntary engagement. This gender composiLon is relevant for analyzing 
potenLal differences in competency development and professional skills acquisiLon, contribuLng to a 
broader understanding of engineering educaLon dynamics. 
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To ensure sample homogeneity in terms of academic experience, inclusion and exclusion criteria were 
established. Only students from the second semester onward were considered, ensuring that parLcipants 
had a prior educaLonal background in professional competencies. As a result, first-semester students were 
excluded, as their iniLal level of training would not allow for a representaLve evaluaLon of competency 
development throughout the degree program. 

 
This selecLon allowed for a more precise analysis of professional competency levels among students 

with established academic progress, providing a comprehensive perspecLve on their development within 
the context of engineering educaLon. By focusing on students who have advanced beyond the iniLal stages 
of their studies, the research captures a clearer picture of how competencies evolve over Lme. This 
approach ensures that the findings reflect not only foundaLonal knowledge but also the integraLon of 
pracLcal and technical skills. 

 
Study context 

In this study, two Colombian universiLes with disLnct educaLonal models were analyzed. The first 
insLtuLon operates under a hybrid learning modality, combining online and face-to-face instrucLon. This 
approach offers greater flexibility and accessibility, allowing students to engage in their studies through 
digital pla�orms while also parLcipaLng in periodic in-person sessions. As a result, students benefit from 
self-paced learning opportuniLes, while sLll having access to academic support and structured acLviLes 
that enhance their professional training. 

 
In contrast, the second university follows a tradiLonal face-to-face educaLonal model, emphasizing 

on-campus instrucLon, where students and faculty interact directly in a physical classroom se�ng. This 
convenLonal approach facilitates immediate feedback, fosters direct engagement with faculty, and 
strengthens a sense of academic community. By examining these contrasLng educaLonal environments, 
the study seeks to assess how different instrucLonal modaliLes impact the development of professional 
competencies among engineering students, providing insights into the effecLveness of hybrid and face-to-
face learning experiences. 
 
Instrument 

The instrument used in this study was the Engineering Professional Competencies QuesOonnaire 
(EPCQ) (Vera, 2024b), consisLng of 21 Likert-scale quesLons designed to assess the development of 
professional competencies in engineering students. The quesLonnaire is structured into four key 
dimensions, covering different areas of professional performance: 

 
• Technical and disciplinary competencies: Assess the student’s mastery of engineering-specific 

knowledge, research abiliLes, technological tool usage, and problem-solving skills within their field 
of study.  

• Interpersonal and communicaOon competencies: Evaluate the ability to collaborate effecLvely in 
teams, communicate complex ideas clearly (both wri:en and oral), and interact in mulLdisciplinary 
and mulLcultural environments.  
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• CogniOve and decision-making competencies: Measure analyLcal thinking, criLcal reasoning, 
adaptability to new challenges, and the ability to make informed decisions based on data and 
evidence.  

• Ethical and social impact competencies: Focus on the understanding of professional ethics, social 
responsibility, sustainability consideraLons, and the impact of engineering soluLons on society and 
the environment. 

 
This structure allows for a comprehensive evaluaLon of students' profiles, considering both technical 

skills and key transversal aspects essenLal for their performance in the professional environment. By 
integraLng various competency dimensions, the instrument ensures a well-rounded assessment that 
reflects the mulLfaceted nature of professional readiness. AddiLonally, the quesLonnaire includes six 
sociodemographic quesLons aimed at collecLng informaLon on parLcipants’ age, gender, academic 
program, semester, insLtuLonal affiliaLon, and country of residence. This data enables a deeper analysis 
of how different contextual and personal factors may influence competency development and professional 
growth. 

 
However, for the purposes of this study, only the technical and disciplinary competencies dimension 

was analyzed, with the objecLve of evaluaLng the level of development of specific skills within the field of 
engineering. This dimension includes five sub-competencies: Knowledge of the profession, Research 
capacity, Management and organizaLonal skills, English communicaLon skills, and Use of advanced 
technological tools. This study is part of a broader research project that aims to assess all four dimensions 
of the instrument employed, providing a comprehensive understanding of students’ professional 
competencies and their alignment with current industry demands. 

 
Regarding internal consistency, the quesLonnaire demonstrated an overall Cronbach’s alpha of 0.9, 

indicaLng an excepLonal level of reliability. This result confirms that the instrument exhibits high 
coherence in measuring the assessed competencies, ensuring the precision and validity of the collected 
data. AddiLonally, the self-administraLon of this instrument was considered a pilot test, allowing 
researchers to evaluate its effecLveness in real applicaLon se�ngs. The posiLve reliability results obtained 
in this phase suggest that the quesLonnaire is a robust tool for competency assessment, supporLng its 
potenLal for broader implementaLon in future studies. 

 
Results 
 

The data analysis provided a detailed overview of the development of professional competencies 
among engineering students. It allowed for idenLfying key strengths and areas requiring improvement, 
offering valuable insights for curriculum enhancement. Table 1 presents the descripLve staLsLcs for the 
main evaluated items in the sample, including the number of parLcipants (N), the mean (M), and the 
standard deviaLon (SD) for each sub-competency, facilitaLng a clearer understanding of competency 
distribuLon across different domains. 
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                     Table 1: Descrip@ve sta@s@cs for the ‘Technical and Professional Competencies’ Dimension 
Sub-competencies N M SD 
1. Knowledge of the profession 265 3.517 0.817 
2. Research capacity 265 3.589 0.853 
3. Management and organiza@onal skills 265 3.864 0.791 
4. English communica@on skills 265 2.509 1.000 
5. Use of advanced technological tools 265 3.868 0.854 
Total 265 3.469 1.000 

  Source: Own elabora@on. 
 
As observed, the strongest sub-competencies are in technical, management, and technological areas, 

whereas English communicaLon remains one of the weakest areas. These results are displayed in the 
following Figure 3, which shows the distribuLon of the mean scores by sub-competency. 

 
Figure 3: Distribu@on of mean development levels by sub-competency 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
                                Source: Own elabora@on. 

 
Based on the obtained results, we proceed to answer each of the research quesLons posed in this 

study. To achieve this, professional competencies are analyzed across different sub-competencies, 
considering their overall level of development as well as variaLons observed according to variables such as 
academic semester, insLtuLonal affiliaLon, age, and gender. This approach enables a deeper 
understanding of how contextual and demographic factors influence competency acquisiLon, offering 
insights into the effecLveness of current educaLonal strategies and their alignment with professional 
expectaLons in the engineering field. 
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This analysis will help idenLfy key trends, strengths, and areas for improvement in the training of 
engineering students, providing valuable informaLon for decision-making in educaLonal and curricular 
development. By pinpoinLng specific competency gaps, this study can inform targeted intervenLons aimed 
at enhancing students' preparedness for the workforce. AddiLonally, the findings may contribute to 
broader discussions on competency-based educaLon, ensuring engineering programs remain relevant and 
responsive to industry demands. 

 
Detailed breakdown of research quesOons and findings 

1. What is the level of development of technical and professional competencies among students? 
 
Overall, the data analysis reveals that the professional competencies of this group of students 
exhibit a high level of development (M = 3.469; SD = 1.000), with heterogeneous distribuLon. The 
general findings indicate: 
 
                                                                Table 2: Results by Sub-competencies 

Sub-competencies Achieved 
Level InterpretaAon 

Knowledge of the 
profession 

Moderate - 
High 

Students demonstrate a func@onal level in their professional 
knowledge, although some s@ll require reinforcement. 

Research capacity High - 
Moderate 

A strong development in this competency is evident, with some 
students reaching high levels, but variability in proficiency remains. 

Management and 
organiza@onal skills High 

Students exhibit a good level of autonomy and proficiency in 
management and organiza@on, benefi@ng their professional 
performance. 

English communica@on 
skills 

Low - 
Moderate 

This is the least developed competency. Most students struggle with 
English, highligh@ng an opportunity for improvement. 

Use of advanced 
technological tools 

Very High - 
High 

This is the best-developed competency in this group, reflec@ng strong 
proficiency in technology use. 

Total Moderate - 
High 

Overall, the group demonstrates an acceptable level of professional 
competencies, with strengths in technology and management but 
challenges in English communica@on. 

Note:  Interpreta=on range in Likert scale (1-5): 
Very Low= 1.00 – 1.80; Low = 1.81 – 2.60; Low-Moderate = 2.61 – 3.4; High = 3.41 – 4.20; Very High = 4.21 – 5.00. 
 
2. Are there significant differences in the development of these competencies according to the 

academic semester? 
 

A Kruskal-Wallis test was conducted to analyze whether the academic semester influences 
competency development. 

 
• Significant differences were found in technical and management competencies (p = 0.02997 and p 

= 0.04319), indicaLng that these competencies improve as students advance in their academic 
journey. 
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• No significant differences were found in communicaLon and ethical competencies (p > 0.05), 
suggesLng that their development is not directly related to the academic semester. 

• These findings indicate that students improve in technical and management aspects as they 
progress, but no clear improvement is observed in communicaLon or ethics. 

3.  Are there variaLons in the development of technical and disciplinary competencies based on 
insLtuLonal affiliaLon? 

 
The results indicate that insLtuLonal affiliaLon influences certain competencies, while others 

remain unaffected. This suggests that factors such as academic programs, learning and teaching 
methodologies, faculty experLse, and access to insLtuLonal resources may play a significant role in 
shaping specific skills. On the other hand, some competencies appear to develop independently of 
the university environment, possibly driven by personal moLvaLon, prior experience, or 
extracurricular engagement, highlighLng the mulLfaceted nature of skill development in higher 
educaLon contexts. 
 
A Mann-Whitney (Wilcoxon) test was conducted to compare the performance of students from 
universiLes with hybrid and in-person learning modaliLes, idenLfying significant differences in some 
areas:  
 
• Technical and communicaLon competencies showed significant differences (p < 0.05), suggesLng 

that students from different insLtuLons have varying competency levels in these areas. 
• No significant differences were found in ethical and management competencies (p > 0.05), 

indicaLng similar development of these skills in both insLtuLons. 
 
These variaLons in training may be linked to specific resources available in each insLtuLon, 

parLcularly in technical and communicaLon areas. 
 
4. Do age and gender influence the development of technical and disciplinary competencies? 
 
A Kruskal-Wallis test and post-hoc Dunn test were conducted to assess the influence of age and 
gender. 
 
• Gender:  

o No significant differences were found in technical, communicaLon, or management 
competencies (p > 0.05). This implies that insLtuLonal or demographic variables may have had 
limited influence on these parLcular areas of competency. 

o Significant differences were found in ethical competencies (p = 0.00472), with women scoring 
higher than men. This finding supports exisLng research suggesLng that gender may influence 
ethical awareness, potenLally due to differences in socializaLon, values, or professional 
expectaLons within educaLonal and workplace environments. 
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• Age: 
o No significant differences were found in any competency (p > 0.05), indicaLng that age does 

not significantly impact competency development. This suggests that skills acquisiLon occurs 
consistently across age groups within the studied populaLon. 

 
These results indicate that gender influences ethical competencies, while age does not significantly 

impact any of the evaluated sub-competencies. This finding suggests that ethical awareness and decision-
making processes may be shaped by gender-related factors, potenLally due to socializaLon pa:erns or 
cultural expectaLons. However, the lack of a significant correlaLon between age and the other sub-
competencies implies that professional competencies develop similarly across different age groups. Future 
research should explore whether external variables, such as educaLonal background or professional 
experience, contribute to shaping ethical competencies differently. 

 
Moreover, these findings highlight the need for tailored educaLonal strategies that address ethical 

competency development more effecLvely. InsLtuLons could integrate ethics-focused training programs, 
mentorship iniLaLves, and interdisciplinary discussions to enhance ethical awareness among all students. 
AddiLonally, exploring how insLtuLonal culture, curriculum design, and faculty influence ethical 
competency formaLon could provide deeper insights for improving engineering educaLon. 

 
Recommenda:ons 

 
Based on the results of this study, the following key strategies are proposed to enhance strengths and 

address weaknesses in the development of professional competencies among engineering students: 
 
Strengthening technical and disciplinary competencies 
• IntegraLon of advanced technological tools into the curriculum through virtual laboratories, 

simulaLons, and specialized so|ware, ensuring their pracLcal applicaLon in different engineering 
fields. 

• PromoLon of project-based learning (PBL) and acLve methodologies that allow students to apply 
technical knowledge to real-world problem-solving. 

• Development of industry partnerships to facilitate access to technological cerLficaLons and 
complementary training programs. 
 

 Improving English communicaOon skills 
• ImplementaLon of specialized technical English courses focused on terminology and 

communicaLon in engineering contexts. 
• CreaLon of English interacLon spaces, such as seminars, conversaLon clubs, and tutoring sessions 

with internaLonal professionals. 
• Encouragement of arLcle and conference paper publicaLon in English, with insLtuLonal support 

for wriLng and review. 
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PromoOng ethics and professional responsibility 
• IncorporaLon of ethical dilemmas and case studies into engineering courses to encourage 

reflecLon and criLcal analysis of professional decisions. 
• Development of mentoring programs where experienced professionals share their perspecLves on 

ethical decision-making in the workplace. 
• Regular assessments of ethical competencies through surveys or simulaLons that measure 

decision-making in real-world contexts. 
 
Strategies to reduce gender gaps in competencies 
• PromoLon of leadership programs for women in engineering, including mentorship and 

networking opportuniLes for professional development. 
• Visibility of female role models in engineering through talks, conferences, and educaLonal 

materials. 
• Encouragement of inclusive educaLonal environments by implemenLng teaching strategies that 

ensure equitable parLcipaLon for all students. 
 
Adaptability and personalized learning 

• ULlizaLon of arLficial intelligence and educaLonal data analyLcs to idenLfy learning pa:erns 
and tailor teaching strategies. 

• ImplementaLon of adapLve tutoring systems that provide individualized support for areas of 
difficulty. 

• ConLnuous and flexible assessments, offering detailed feedback and allowing adjustments in 
teaching methods. 

 
These recommendaLons aim to ensure a more balanced development of key competencies in 

engineering students, strengthening their preparedness for a highly demanding and constantly evolving 
job market. By fostering both technical and transversal skills—such as communicaLon, ethics, leadership, 
and adaptability—insLtuLons can be:er equip graduates to navigate professional challenges, contribute 
to innovaLon, and assume responsible roles in mulLdisciplinary and global work environments. 
 
Discussion 

 
The findings of this study indicate that professional competencies among engineering students exhibit 

uneven development, with strengths in technical skills, management, and innovaLon, but deficiencies in 
English communicaLon. This trend aligns with Munir (2021), who highlights that engineering programs 
have strengthened technical competencies but have not effecLvely integrated communicaLon and 
collaboraLve skills in internaLonal contexts. AddiLonally, the results are consistent with Jiang et al. (2023), 
who found that a lack of English proficiency limits engineers' parLcipaLon in mulLdisciplinary teams and 
global projects. This reinforces the importance of implemenLng internaLonalizaLon strategies in 
engineering educaLon, promoLng English learning as a transversal competency. 
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Regarding the evoluLon of competencies throughout the academic career, the results show significant 
differences in technical and management dimensions, whereas communicaLon and ethical competencies 
do not exhibit notable changes across semesters. This is consistent with Vera (2024), who states that 
engineering programs have improved technical training but sLll show deficiencies in integraLng so| skills. 
Similarly, Zhang (2024) highlights that the development of ethical and leadership skills in engineering o|en 
depends more on extracurricular experiences and the organizaLonal culture of insLtuLons than on the 
formal curriculum. This finding underscores the importance of providing students with meaningful 
opportuniLes outside the classroom—such as mentoring programs, student organizaLons, and community 
engagement projects—that foster these competencies. It also suggests the need to rethink and redesign 
study plans to ensure the balanced and intenLonal development of all essenLal competencies required for 
responsible and effecLve professional pracLce. 

 
Furthermore, the differences in technical and communicaLon competencies based on insLtuLonal 

affiliaLon highlight the gap between universiLes with varying levels of resources and infrastructure. This 
finding aligns with studies by Pulido et al. (2024) and Gabalán-Coello et al. (2019), who emphasize that the 
quality and pedagogical approach of engineering educaLon differ substanLally across insLtuLons, directly 
impacLng student learning and training outcomes. AddiLonally, the lack of age-related effects on 
competency development supports the findings of Burbano (2016), suggesLng that variaLons in student 
performance are more closely Led to insLtuLonal policies, curricular design, and instrucLonal 
methodologies than to personal or demographic characterisLcs. 

 
Finally, the difference in the percepLon of ethical competencies between men and women is an aspect 

that requires further exploraLon. Previous studies, such as Quelhas et al. (2019), suggest that women tend 
to demonstrate greater ethical awareness in professional contexts. This indicates that gender may 
influence ethical decision-making, potenLally shaped by socializaLon processes, cultural expectaLons, and 
diverse professional experiences. Understanding these dynamics is crucial for designing more inclusive and 
effecLve ethics educaLon, ensuring that all students are equally prepared to navigate complex moral 
challenges in their future careers, regardless of background. 

 
These results suggest the need to strengthen pedagogical strategies that integrate technical 

competencies with communicaLon, management, and ethical skills in a transversal manner. Furthermore, 
it is essenLal to promote acLve learning environments that foster interdisciplinary collaboraLon, creaLvity, 
and criLcal thinking. Such approaches not only enhance student engagement but also facilitate the 
pracLcal applicaLon of knowledge in real-world contexts. In parallel, reducing insLtuLonal dispariLes in 
engineering educaLon is crucial to ensure equitable access to quality resources, mentorship, and learning 
opportuniLes. UlLmately, these combined efforts support the comprehensive development of future 
professionals equipped to address complex societal, environmental, and technological challenges with 
confidence and responsibility. 
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Conclusions 
 
The findings of this study reveal that professional competencies among engineering students show 

differenLated development, with strengths in technical skills, management, and innovaLon, but notable 
deficiencies in English communicaLon. This suggests that, while engineering programs have successfully 
consolidated problem-solving training and advanced technological tool proficiency, gaps persist in the 
integraLon of communicaLon skills, which are essenLal for graduates’ inserLon into a globalized 
workforce. In this sense, the need to reinforce English instrucLon and effecLve communicaLon strategies 
becomes imperaLve to enhance employability and foster collaboraLon in internaLonal environments. 

 
AddiLonally, the study confirms that academic progression influences the development of technical 

and management competencies but does not necessarily impact communicaLon and ethical 
competencies. This indicates that higher educaLon insLtuLons must review their curricular strategies to 
ensure that all dimensions of an engineer’s professional profile evolve in a balanced manner. Furthermore, 
the differences in competency development based on insLtuLonal type suggest that educaLonal resources 
and pedagogical methodologies significantly influence students’ training, highlighLng the importance of 
promoLng equitable quality standards in engineering educaLon. 

 
On the other hand, the lack of significant differences based on age, as well as gender influencing only 

ethical competencies, reinforces the idea that professional competency development is more influenced 
by insLtuLonal and methodological factors than by individual characterisLcs. This underscores the need 
for universiLes to design training programs that incorporate inclusive and adapLve approaches, ensuring 
that all students have equal opportuniLes to strengthen their professional growth. UlLmately, these results 
provide valuable insights for improving engineering curricula, guiding future educaLonal reforms to ensure 
the training of professionals capable of responding to the demands of a constantly evolving world. 

 
Note:  
• This study is part of a broader research project developed by the Research Center on Professional Competencies (NuCOPO) of 

Red Internacional de Inves5gadores en Educación/Interna5onal Educa5on Researchers Network (REDIIE). Its objec=ve is to 
evaluate engineering students' professional competencies based on four key dimensions: technical and disciplinary 
competencies, interpersonal and communica=on competencies, cogni=ve and decision-making competencies, and ethical and 
social impact competencies. 

• In accordance with the Ar=ficial Intelligence Usage Policy of Revista Electrónica Transformar/Transformar Electronic Journal, 
we employed ar=ficial intelligence tools, specifically ChatGPT-4o, to enhance the clarity, coherence, and readability of complex 
texts. This AI-assisted approach was used to refine the structure and language of manuscripts while maintaining the original 
meaning and academic rigor of the content. This methodology aligned with ethical guidelines on AI-assisted wri=ng, ensuring 
that human exper=se remained central to content valida=on and decision-making. The integra=on of ar=ficial intelligence in 
scholarly wri=ng demonstrates its poten=al as a support tool for academic edi=ng while reaffirming the importance of 
authorial responsibility in the final output. 
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