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ABSTRACT

Higher education programs are embracing curricular models that incorporate active
teaching-learning methodologies to foster students’ active participation in knowledge building,
based on competency-based training. Research-based learning (RBL) stands out as an active
methodology that can be used at various academic levels, including undergraduate. In this
context, the present research explores the contribution of undergraduate research training
to the process of developing generic competencies in engineering students. The study focuses
on the perceptions of a group of employers and graduates from a Peruvian higher education
institution. A mixed-methods approach was adopted, as interviews and surveys were applied.
The study had a descriptive purpose with a concurrent design. The findings suggest that
undergraduate research training is perceived as supporting the development of generic
competencies such as research, teamwork, effective communication, analytical and critical
thinking, adaptability, digital literacy, intellectual curiosity, and lifelong learning (LL). Overall,
the results highlight undergraduate research training, implemented through RBL, as an effec-
tive strategy associated with the development and strengthening of generic competencies and
the alignment of Science, Technology, Engineering, and Mathematics (STEM) education with
labor market demands, while underscoring the importance of consolidating an institutional
research culture within competency-based curricula.
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1  INTRODUCTION

Over the last 100 years, educational trends have been leaning towards the use of
active methodologies for the teaching-learning process [1, 2]. These are based on stu-
dents having aleading role within the training process [3, 4, 5], as they encourage their
participation towards the construction of knowledge [6]. In doing so, they promote
the development and reinforcement of meta-learning, a necessary competency for
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self-regulation [7], which is also needed to guarantee lifelong learning (LL) [8]. Active
methodologies include project-based learning (PrBL) [9], problem-based learning
(PBL) [10], team-based learning (TBL) [11], and research-based learning (RBL) [12].

Among the above, RBL, also identified as inquiry-based learning, stands out
for its relationship with the development of generic competencies [13]. In fact, it
is grounded in the “knowing how to know” and “knowing how to do,” which rep-
resent two of the four (4) foundational attributes of competencies [8]. RBL has two
fundamental properties: (1) it is research-directed and guided by a professor as part
of the teaching role, and (2) the research agents are not research professionals but
rather subjects in training [14]. RBL requires students to carry out activities such
as conducting observations, proposing questions, examining literature, planning
research, developing and applying tools to collect data, analyzing and interpreting
information, suggesting solutions, and communicating results [8, 15, 16, 17].

In this context, RBL has been reported to bring several benefits for students,
as it improves their knowledge, interest in learning, self-engagement [18], and
creativity [19]. At the same time, it fosters the learning of all the stages of the research
while developing critical thinking, promoting questioning styles of thinking, and
making LL a core value [20]. As RBL focuses on engaging students in practical activ-
ities to investigate scientific phenomena [21], it is a methodology that indeed allows
them to construct their own knowledge [22, 23]. Consequently, RBL can be used for
research at various academic levels, including undergraduate.

Within the higher education context, RBL is used for undergraduate research
training. Undergraduate research may be defined as research carried out by
an undergraduate student, who aims to make an original intellectual or creative
contribution to his or her discipline [13]. It is a collaborative activity in which the
student, with the guidance of a teacher, develops all the phases of an investigation.
Consequently, skills such as creative and critical thinking, effective communication,
and the asking “what if” and “why not” questions are put into practice [24]. Within
the Science, Technology, Engineering, and Mathematics (STEM) field, this last skill
is particularly important, as students are required to test their ideas in a systematic
and interactive way [25]. Thus, undergraduate research training has been integrated
through diverse research experiences across engineering curricula [5, 8, 26, 27, 28].

In a parallel scenario, higher education programs are committed to
competency-based curricular models. In fact, at the “World Conference on Higher
Education 2022” (CMES), integral training based on competencies was reaffirmed
as an axis for higher education [29]. Competencies may be understood as a set of
skills, attitudes, and values that are required for the holistic development of the
learners [30]. Competency-based curricular models, grounded in the development of
competencies, equip students to adapt effectively to ongoing environmental changes,
while constructing knowledge across diverse contexts. In fact, a competency-based
curriculum emphasizes the development of both specific competencies, that are
particular to each discipline, and generic or transversal competencies, that are shared
across professional fields [31]. Across the literature, specific competencies may also
be identified as hard skills, while generic competencies are acknowledged as soft
skills [32]. Generic competencies are also referred to by a variety of terms, such as
key competencies [33], transferable skills [34], professional skills [35], non-technical
skills [36], employability skills [37], and twenty-first-century skills [16].

Generic competencies are nourished by knowledge from all academic areas and
use the contributions of daily experiences and the challenges of the environment,
allowing a knowledge-based societal perspective [38]. Furthermore, they actively
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contribute to the achievement of the 17 Sustainable Development Goals (SDGs), since
they imply adapting to technological advances and collaborating internationally [39].
Certainly, they support students in keeping their knowledge current by fostering LL
[8] while contributing to the effective acquisition, development, and consolidation of
hard skills [40]. Effective communication, teamwork, leadership, adaptability, critical
thinking, or emotional intelligence may be considered as examples of generic compe-
tencies [41, 32,42, 43]. Along these lines, educational stakeholders and accreditation
boards worldwide emphasize the importance of addressing these competencies
throughout the curriculum, as they provide better employment opportunities and
mobility possibilities between different job positions [30].

To date, the literature highlights the benefits of undergraduate research train-
ing for developing specific competencies [44, 45], shaping professional aspirations
[46, 47], strengthening an institutional research culture [48], fostering employ-
ability outcomes [48, 28], and promoting the acquisition of disciplinary research
skills [26, 27]. However, there is a lack of specific evidence specifically linking
how undergraduate research training contributes to the development of generic
competencies in STEM education.

To address this gap, the present case study examines the relationship between
undergraduate research training and the development of generic competencies
within three undergraduate engineering programs at a private Peruvian univer-
sity: Industrial, Civil, and Systems. In doing so, it explores employers’ and graduates’
perceptions regarding how such undergraduate research training contributes to
the acquisition and reinforcement of generic competencies. For the purposes of this
study, the research question was formulated as follows: how is the contribution of
undergraduate research training to the process of developing generic competencies
in engineering graduates in Lima, Peru? Additionally, to ensure a narrower scope of
this study, two specific objectives of this study were defined: (1) identify the generic
competencies most valued by employers of engineering graduates and those missing
from the graduate profile, and (2) describe the perception of levels of knowledge in
research among engineering graduates.

2 LITERATURE REVIEW
2.1 Research culture

Regularly, undergraduate research training is exercised within a research
culture, or culture of research framework, as undergraduate research training is
a fundamental pillar for reducing the gap between scientific productivity and the
challenges of the industry [49]. To date, “research culture” is a term that does not
have a single definition throughout the literature [50], even though most authors
suggest the idea of having a particular research environment. In fact, they hold
different perspectives.

An often-accepted meaning is the one provided by [51], who stated that
research culture refers to an environment characterized by interpersonal support
and collaboration, in which colleagues share an affinity for the value of research
[51] and uphold behaviors, values, expectations, attitudes, and norms associ-
ated with scholarly activity [52]. In addition, [53] proposes that research culture
shapes and regulates aspects of the scientific process. These aspects go from how
research is conducted in the laboratory to how discoveries are communicated to
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the public. Other authors such as [54], [55], [56], [57], [58], and [59] support this
definition too.

Furthermore, [60], [61], and [62] state that research culture is an enabling
environment that encourages better research outputs. [63] and [64] indicate that
research culture requires a constant interaction between humans, curricula, and
the normative within the university environment. When characterizing research
culture, [65] argues that it includes each individual’s capacity to exercise research
activities, which can be built, enhanced, and refined through proper training. As
for this study, research culture may be understood as a dynamic academic environ-
ment, where shared values, norms and institutional practices (1) support undergrad-
uate research training; (2) strengthen individual and collective research capacities;
and (3) facilitate the integration of research into curricula, professional practice and
societal and industry-related challenges.

2.2 Undergraduate research training

Undergraduate research training encompasses both the production of research
outcomes and a student-centered approach. This approach fosters the development
of skills such as a deeper understanding of discipline-specific concepts and the
construction of new knowledge based on existing information [13, 14]. According
to [66], it may be defined as: “an inquiry or investigation conducted by an under-
graduate student that makes an original intellectual or creative contribution to the
discipline.” Undergraduate research training requires the support of a professor as
a guide to develop all the phases of the research process, according to the student’s
discipline [24].

Undergraduate research training uses research as an active method in the
teaching-learning process. It is supported by RBL, an active methodology where
students take the leading role in the research process. In RBL, the instructor
assumes a facilitator role, while students autonomously carry out research tasks
[67, cited by 68]. Through a series of activities that they must carry out, such as
asking questions, examining sources of information, and proposing solutions,
students become active participants in their own learning [69]. While conducting
these activities, competencies such as critical and creative thinking, oral and written
communication, and the habit of asking “what if” and “why not” questions are put
into practice [24]. Thus, undergraduate research training may benefit students on
personal, professional, and intellectual levels [70].

For this reason, undergraduate research training has been integrated through
diverse research experiences embedded across STEM education [5, 8, 13, 26, 27].
There are various strategies to integrate these experiences throughout the curricula:
workshops, honor programs, faculty research projects, tutoring by professors
in independent studies [71], and student organizations [72]. Another strategy is
course-based undergraduate research experiences, which are curriculum-based
research opportunities [43].

Undergraduate research training in STEM education not only promotes the devel-
opment of discipline-specific and research-related competencies but also contributes
to the strengthening of generic and employability-related competencies, including
effective communication, teamwork, and leadership [8, 44, 45]. It also provides a
structured framework through which students address real-world problems related
to professional practice, thereby strengthening analytical thinking and intellectual
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curiosity, which are considered fundamental pillars within STEM fields. Additionally,
it promotes autonomy and self-discipline, enhancing students’ ability to acquire new
knowledge. Consequently, it fosters LL, which is essential for keeping professionals
up to date throughout their careers [13].

2.3 Generic competencies

Generic competencies constitute a core component of competency-based STEM
education, as they integrate knowledge, skills, and values that are transferable across
disciplines and professional contexts [73]. Unlike specific competencies, which are
directly related to discipline-specific and technical expertise, generic competencies
address transversal aspects of professional performance, enabling professionals to
adapt to diverse and changing environments [8, 74].

Effective communication, teamwork, leadership, ethical and professional
responsibility, structured work planning, meta-learning, and LL are among the
generic competencies commonly fostered in STEM education [41]. Because these
competencies are applicable across different stages of professional life, they are con-
sidered to be more enduring than specific competencies and serve to complement
disciplinary knowledge [74]. Given the need to enhance graduates’ employability
and align academic training with labor market expectations, the development of
generic competencies has become especially pertinent [30].

As highlighted by [13], generic competencies are among the most valued by
organizations, as they facilitate professional integration, adaptability to change,
and LL. Employers increasingly demand engineers who can communicate effec-
tively, collaborate in multidisciplinary teams, and apply knowledge ethically and
responsibly in real-world contexts. Consequently, STEM programs are required to
implement active and student-centered methodologies that promote the systematic
development of these competencies throughout the curriculum.

However, despite their relevance, the development of generic competencies in
higher education continues to face unresolved challenges associated with institu-
tional and curricular support. These challenges include pedagogical approaches,
assessment practices, and the perceptions of both teachers and students [75]. In this
context, [76] identified conditions that may enhance their development: interactive
teaching focused on conceptual understanding, collaborative learning processes,
ongoing feedback and tutoring, and flexible assessment methods. Accordingly, the
development of generic competencies is fostered through the integration of active
learning methodologies [75], such as PrBL, PBL, TBL, and RBL [77].

Thus, undergraduate research training has been identified as a key pedagogi-
cal strategy for fostering generic competencies in STEM education. Previous studies
in STEM education have emphasized the contribution of undergraduate research
to disciplinary research skills and employability outcomes [26, 27]. Furthermore,
[13] explicitly demonstrated how undergraduate research training contributes to
the development and reinforcement of generic competencies specifically within a
civil engineering program. The findings show that RBL, applied through undergrad-
uate research training, functions as a formative bridge between academic training
and professional practice, promoting effective communication, teamwork, ethi-
cal awareness, and meta-learning. Moreover, this approach not only strengthens
students’ research skills but also enhances their employability, adaptability, and LL
disposition, responding effectively to the demands of the STEM field.
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In conclusion, within competency-based education, active learning methodologies
play a central role in fostering the development of generic competencies. In this con-
text, RBL provides students with opportunities to engage in undergraduate research
experiences that promote research skills, communication, analytical thinking, and
problem-solving. These experiences are supported by an institutional research cul-
ture that encourages active participation in knowledge construction. Consequently,
undergraduate research training implemented through RBL can be conceptually
associated with the perceived development of generic competencies relevant to
engineering education and professional practice. The theoretical model linking
these concepts is shown in Figure 1.

[ Research culture }

!

RBL
[ Undergraduate research training }
[ Development of generic competencies ]

Fig. 1. Theoretical model: RBL, undergraduate research training, research culture,
and generic competencies

3  MATERIALS AND METHODS
3.1 Design and participants

The research followed a mixed approach [49]. The study adopted a concur-
rent design in which qualitative and quantitative data were collected during the
same stage of the research process and analyzed in parallel. Integration between
both strands occurred during the interpretation and discussion phases through
methodological triangulation, allowing the comparison and complementarity of
employers’ perceptions and graduates’ self-perceptions regarding the contribution
of undergraduate research training to the development of generic competencies [78].

In this sense, qualitative findings provided contextual and interpretative insights
into the competencies valued within professional practice, while quantitative find-
ings contributed descriptive evidence regarding graduates’ self-perceived research
knowledge across cognitive, investigative, methodological, and collaborative
dimensions. The integration of both datasets enabled a broader understanding of
the research phenomenon and strengthened the interpretation of the findings.
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The study had a descriptive purpose, since the objective was to characterize
the contribution of undergraduate research training to the process of developing
generic competencies in engineering graduates in Lima, Peru [49].

The participants of this study included two different educational stakehold-
ers from Civil, Industrial and System engineering programs at a Peruvian higher
education institution: employers and graduates. In the case of employers, senior
professionals representing national companies in the engineering field were
considered. As for graduates, professionals with a maximum of two years of
graduation, who are currently employed, were included.

Thus, the resultant sample included ten (10) informants for the interviews,
according to what is suggested by the literature, as recommendations for qualitative
research emphasize the depth of the data collected rather than statistical representa-
tiveness. Consequently, nonprobability sampling was applied, specifically judgment
sampling, since the researchers deliberately selected the participants based on
the characteristics of the target population and the technical criteria previously
described [79]. Table 1 presents a detailed overview of the sample’s characteristics.

Table 1. Employers’ sample characteristics by industry

Industry Sample

Architecture 1
Industrial Engineering 5
Civil Engineering 4
Total 10

However, regarding the survey, the sample size was calculated to ensure the
representativeness of the target population, which is predominantly composed
of Industrial Engineering graduates. Consequently, the higher proportion of
participants from this discipline reflects the actual distribution of graduates within
the institution rather than a sampling imbalance. Stratified probabilistic sampling
was used, according to the professional careers included in the study, ensuring a
95% confidence level [78]. A total of 140 surveys were obtained. From the total sam-
ple, 57.14% of surveyed graduates belong to the 2021-2025 cohorts, whereas 42.86%
graduated in 2020 or earlier. Table 2 presents a detailed overview of the sample
characteristics.

Table 2. Graduates’ sample characteristics by industry

Industry Sample

Industrial Engineering 113
Systems Engineering 19
Civil Engineering 8
Total 140

3.2 Data collection

Data were collected through two different techniques, according to the mixed
approach: interviews and a survey.
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Exhaustive interviews were applied to employers, with the purpose of iden-
tifying the generic competencies most valued in engineering graduates. Those
competencies that still needed to be developed and/or reinforced were also identified.
A semi-structured guide was developed, with the aim of having the freedom to intro-
duce additional questions to delve into issues that arose throughout the interview.
The guide included four sections: (I) introduction, (II) demographic information,
(IID applied questions, and (IV) closure. Table 3 presents the eight questions that
addressed the requirements of the industry, which correspond to section III.

Table 3. Questions for the interview guide for employers

No Questions Asked

1 According to your experience, what are the requirements of your sector? And what are the
training requirements that you would demand from professionals at the university level?

2 What is your opinion about the preparation of educational institutions at university level to
respond to the requirements of their sector?

3 What gaps do you see in university education according to the requirements of your sector?

4 What are the generic competencies (soft skills) most valued by your sector for graduates?
And the specific ones (hard skills)? Why?

5 Of the following generic competencies: leadership, collaborative work, proactivity and
autonomy, positive attitude towards innovation and entrepreneurship, analytical skills, oral
communication, writing, ethical behavior and commitment to sustainable development, which
do you think are, in ascending order, the most valued by the market?

6 What generic competencies (soft skills) do you think graduates still need to develop? And which
ones to strengthen?

7 Have you heard about “undergraduate research training”? What notions do you have about it?
What is your opinion on this? Is it relevant to professional performance?

8 During your academic training, did you receive training in research? What was its scope? What
Impact did it have on your professional performance?

A survey was also conducted among the graduates. This allowed for describing
the self-perceived levels of research knowledge among engineering graduates. For
the construction of the survey, the Scopus database was revised to identify existing
validated questionnaires measuring self-perceived levels of research knowledge [80,
81, 82, 83].

Survey questions from the selected instruments were organized into dimensions
following the framework proposed by [84]: cognitive, investigative, methodological,
and collaborative. Following common practice in research, the items were reviewed,
selected, and adapted to measure the study variables within the specific context of
the present research [78]. The questionnaire subsequently underwent expert valida-
tion procedures to ensure both methodological rigor and content validity.

As a result, a questionnaire of 29 closed questions was obtained, using a 5-point
Likert scale whose values went from 1, ‘strongly disagree,’ to 5, ‘strongly agree.” The
questionnaire was organized into four sections, corresponding to the dimensions:
(D) cognitive, (IT) investigative, (IIT) methodological, and (IV) collaborative. Section (I)
contained six items; section (II), five; section (III), 12; and section (IV), six, as shown
in Table 4.
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Table 4. Questionnaire on undergraduate research training for graduates

Dimension Statements

Cognitive skills

[ identify the relevant problems in my environment for the development of research.

I value the textual and non-textual information that I find in databases such as Scopus, Scielo, among others.

[ organize the information found by topics, levels, or categories based on the identification of differences and similarities
of a research topic.

[ verify that the writing of my research is clear and precise in order to communicate it.

[ support my arguments with quotes from relevant authors, data, and facts to ensure their validity.

I relate the different components of the research (title, problem, question, objectives, methodology, results, and
conclusion) so that there is coherence between them.

Investigative skills

[ use concepts and keywords to search for information in reliable sources.

I look for information in databases to build research (Scopus, Redalyc, Latindex, Scielo, and Google Scholar).

[ use hibliographic managers to organize information (Mendeley, Zotero, Endnote, and Refworks).

T'use ICT and Al to organize information (Drophox, Pocket, OneDrive, ICloud, and ChatGPT).

[ use social networks to communicate research results (Linkedin, Google and Scholar).

Methodological
skills

[ categorize bibliographic sources relevant to the topic to identify possible research challenges.

Lidentify a research challenge with the guidance of the professor to autonomously increase my specific knowledge about
the profession.

I formulate the problem statement and the research question, relating them to the context to demonstrate a critical
position on the topic.

I define the scope of the research according to the level required for the topic to establish a detailed work plan.

I formulate research objectives in a precise, clear, and achievable way to answer the research question.

[ consolidate a review of the state of the art on the subject of study to contextualize the key points of the research.

I select the relevant theories and theoretical foundations to build a theoretical framework that supports the hypothesis of
my research.

I formulate the hypothesis about the research topic to contrast the statement of the problem and the results obtained.

Linterpret the results objectively to establish relationships between new knowledge and pre-existing knowledge.

I develop conclusions to evaluate the processes developed and the results obtained from the hibliographic review.

I suggest recommendations based on the results obtained to support the implementation of improvement.

I write documents with scientific-technical rigor to disseminate the results of the research following a citation style (APA,
Harvard, Chicago).

Collaborative
skills

[ use digital tools to communicate and coordinate with the members of the research team (WhatsApp, forums, Facebook,
Skype, Hangouts, and email).

[ use virtual platforms to share, analyze, discuss, and build knowledge (Google Drive, Dropbox, and OneDrive).

[ participate in the planning of the work, the distribution of tasks, and the setting of deadlines to ensure the efficient
fulfillment of the objectives of the research.

I assume the fulfillment of the assigned tasks and collaborate with the members of the research team when they have
difficulties to allow for the correct progress of the research.

I recognize the potential of all team members for task assignment.

I consider the points of view of others and make constructive criticism to ensure optimal fulfillment of research objectives.

Both research instruments were reviewed and approved by the Comité de
Integridad y Etica en la Investigacién de la Facultad de Ingenierta from Universidad
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de Lima. Participants’ prior informed consent was also obtained before application.
All results were securely stored in files accessible only to the research team.

3.3 Data analysis

In a first instance, data analysis employed a thematic analysis approach [85]. The
qualitative data from the interviews was transcribed verbatim and coded line by line
to include relevant quotes from every participant. This process yielded an initial set
of codes that were subsequently reviewed and refined using ATLAS.ti software [86].

These obtained codes were reviewed manually and grouped into categories:
families that share common characteristics. Finally, categories were associated with
themes [87]. Since the approach of this study prioritizes interpretation and contex-
tual understanding of competencies, codes were organized according to eight of
them: (1) teamwork, (2) effective communication, (3) research, (4) LL, (5) intellectual
curiosity, (6) adaptability, (7) analytical and critical thinking, and (8) digital literacy.
Figures 2 to 5 illustrate this process, which includes the coding structure, emerging
codes, categories, and themes.

In a second instance, for the quantitative data, information coding was used. Data
was manually entered and coded for processing using Microsoft Excel, as suggested
by the literature [78]. The Likert-scale items were analyzed through descriptive sta-
tistics to identify patterns and central tendencies. Values of 5 and 4 were interpreted
as levels of agreement, whereas values of 1 and 2 indicated levels of disagreement.

4  RESULTS

The following section presents the findings from the applied data collection
techniques: interview and survey. Thus, it is organized into two (2) subsections to
address each method in turn.

4.1 Interview

In the first phase of data collection, employers were interviewed to identify
the generic competencies most valued in engineering graduates, as well as per-
ceived gaps in their development during professional training. Since the focus was
competencies, this subsection is organized according to the categories and themes
around them. The identified competencies were research, LI, critical and analytical
thinking, effective communication, teamwork, intellectual curiosity, adaptability,
and digital literacy. As employers represent a principal stakeholder within the edu-
cational context, this perspective enabled the identification of the need to strengthen
coordination between university and industry.

Research competency was addressed by employers who considered that under-
graduate research experiences are fundamental for its development. They identified
several related categories for this theme, as shown in Figure 2: impact of professional
research, research-oriented thinking, and research capacity.

Regarding the first category, impact of professional research, employers acknowl-
edged that research training may have a positive impact on the professional field,
as research promotes an analytical way of thinking. They recognized this is the
reason why research is needed, not only at a doctoral or master level, but also on
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companies. As for the second category, research-oriented thinking, employers stated
that research experiences promote students asking questions about their surround-
ings. Moreover, they support learning about different topics, fostering creativity.
Finally, about the third category, research capacity, employers highlighted the meth-
odological approach to thinking that it promotes, encouraging individuals to explore
multiple solutions to the same problem:

“[Research training impacted my professional performance because I always
perform] product analysis in marketing.”

Open codes Axial codes: Categories Selectives: Themes

/“[Research] training [contributes to]\

( working in a company on the

\ professional side [but also influences] /
o creating Startups." g4

/"[The research] allows them to make™,
comparisons against scenarios that |~
e may occur." /"

" Impact of professional
/" "[Research] creates a training for 3 s e
analysis so that they don't suffer in the |
Mg future." .

’//"[Research training impacted my ™\
[ professional performance because I |
\ always perform] product analysis in |
\ Marketing. 4

B "In engineering and science, research™\
| must be present and not be solely the | \

\_task of doctors or master's degrees." / \

Pl ""[A student researcher stands out]\\ X
[ because that ability to tell you about \
“-\ different topics or areas that he has |

e, researched is visible." 4 \

"/ "Research assignments help you opeu\‘L
your mind." 5 i

‘ \\ s - .

A Research-oriented thinking ‘ /1\ Research 4
~ -

. s

’// "[Research training] develops your\\_‘ - o
| creative, critical thinking, creativity, it || / —
develops the why of things. ~ / //

S

//' "That process of researching, ™\ A

[ benchmarking, and bringing learnings |
\to the table is what really builds a good)/
\ solution."

N

‘/‘/The research methodology helped me,
| alot: collecting data, organizing it, |
i structuring ideas." A e

N .

/
. . /
= Research capacity }

»And when someone presents me \v?th\
[ more than one solution, then I see that |+~
\ they've actually analyzed it. They've |

N done their research."

Fig. 2. Codes, categories, and themes identified for the research competency

Lifelong learning was also discussed. Employers considered that implementing
undergraduate research experiences has significant relevance for the development
of this competency. Commitment, continuous improvement, and ongoing train-
ing were some of the identified categories for this theme, as presented in Figure 3.
While commitment associates LL with the idea of generating value to organizations,
continuous improvement is associated with quality, as stated:

“..1t’s not enough to have your position, it’s your ability to generate value...”

‘I always tell my team we’re about quality, and quality is continuous
improvement.”
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Open codes Axial codes: Categories Selectives: Themes
a d
I/ "In my case, [for] the quality area [continuous \
e improvement is important]. J \\
.ﬂ 1 always tell my team, we're about quality, and quality IS\ ) \\ Coni . i ‘
\ = ’ " | S R ontinuous improvement
N continuous lmpmvemem. / / \\
- < p é \
,r/ "[Now young people] explain to you and [tell you]:\ 2

| “Look, I have found out this from here, I have seen these |~ \\

\\new things.” So [that] really is a good complement.” /’

/( To be noticed in an organization, it's not enough to have

| your position; it's your ability to generate value and make || [ \ L —
\ it visible." f T \ \
s / - Commitment 2N Lifelong learning /
r/ "For me [it's important] the communication and the \\_ e e ! =

\ commitment of the kids." / o

~~ 7

\
7

"It is important to continue training" } Ongoing training

Fig. 3. Codes, categories, and themes identified for the LL competency

Analytical and critical thinking was also addressed by employers who considered
that implementing undergraduate research experiences may also positively impact
the development of this competency. Categories identified for this theme included
strategic, analytical, critical, structured, and cross-cutting analytical thinking. These
are shown in Figure 4.

Regarding strategic thinking, employers recognized that this competency is
closely related to research practices as they lead the student to formulate ques-
tions and hypotheses about a determined subject. In the case of analytical thinking,
employers highlighted its importance in the decision-making process, particularly
for both deductive and inductive analysis. They believed that young people possess
a strong capacity for analysis when using new technologies; however, they require
a better understanding of the scientific method to produce accurate reports and reli-
able indicators. This is stated as follows:

“This sector’s requirement is to include a strong critical and analytical approach
to producing reports and indicators to be implemented.”

In relation to critical thinking, employers recognized the relevance to formulate
individual conceptions of what is learned to really understand a subject. It was
stated that this competency would be valuable to produce reports and indicators to
differentiate correlation from causality.

“Many people only describe without truly understanding what they’re analyzing.
A critical skill is knowing how to differentiate correlation from causation.”

For structured thinking, employers argued that while being asked to solve a prob-
lem as a manager, it is key to correctly structure thoughts and generate a coherent
line of ideas. This is also important when evaluating somebody else’s answer to a
problem. Finally, in respect to cross-cutting analytical thinking, the professionals
highlighted its relationship with analytical skills, which allows candidates to reason
instead of just applying the theory they were taught. It is believed this training allows
active learning where individuals are able to construct answers that are rarely given
in real-world scenarios.
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“That kind of training [through analytical thinking] — where you're taught to
reason instead of just applying it — is what really translates into the real world,
where answers are rarely given, and you almost always have to construct them.”

Open codes Axial codes: Categories Selectives: Themes

""Research is, above all, knowi ing. how to identify the real
‘\ problem b A I

- | Strategic thinking
“"It's knowi ing how to ask yourself the questions of \\hat =1

| would happen if I decided this or that. That big queshon ns ) \\
. extremely important.” 3

\
"I think the ability to analyze is very important.” "‘

"Hav ing that decision-making power based on (he analy sis |
\ o _ you have to do. That's important to me.’

4 ”The ability to analyze, both inductive and deductive, is \.\
Key." _;
Analytical thinking \

Thls sector’s requuemem is to mclude a strong cntlcal

and anal 1 approach to p € reports and =3
indicators that can be metemen(ed /

- : ? = \
[ "Young people have an incredible knack for everything ) / )\ B
\technological; they're already very good at data analysis."/

The true value of research training is learning the scimtiﬁ}f‘- v \\ ‘\
\ method to develop analytical skills.

e ~ R
/ "This sector's requirement is to include a strong critical |
and an}l)'pcal approach to pgoducing reports and M~ \ \
indicators that can be implemented.” o

Y \
™ ~ | \ \
"I also believe that critical thinking 1s 1A ) — Critical thinking

2 ~o\
( "Critical thinking is learning how to think " - \
.

) AN thinking
/"Many people only describe without truly understanding® v/ e N —
[ what they're analyzing. A eritical skill is knowing how to | //

differentiate correlation from causation.”

- = f
s i A /

/“What really matters is knowing how to think, especially’ /

| analytically and scientifically, understanding cause and | /

\\_effect, and differentiating correlation from causality.”

/

. /|
“In some cases, you're asked to analyze a situation, use "\ / /
toois make a presentation, and propose solutions as if you /
were the manager.” / i / /

i - /
..when he brings you problems, he shows you the \1 S
\4 altemam es he had and that's when you realize he rea].l\ / /
did hisresearch™

/" "Analytical skills are a transversal and essential skill m\ b

/
B " M~ /
today's workplace. 2 /

P = — \\J Cross-cutting analytical ,r/
That kind of training [through analytical thinking]—where, Joz™™ thinking

[ you're taught to reason instead of just applying it—is what | |- il
| really translates into the real world, where answers are |
rarely given and you almost always have to construct them!

Fig. 4. Codes, categories, and themes identified for the analytical and critical thinking competency

Effective communication was discussed by employers. They considered that
implementing undergraduate research experiences has a significant relevance
for the development of this competency. They identified several related categories
for this theme, such as effective communication, communication for professional
performance, active listening, and communicative skills, as shown in Figure 5.

With respect to effective communication, employers stated this competency is
essential at all levels. Professionals should be capable of expressing their ideas to
stakeholders at all organizational levels, from entry-level to executive positions.
Proficiency in adapting the speech to audiences is needed, as stated:
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“Knowing how to communicate is also essential. Good ideas are useless if you
don’t know how to express them.”

As for communication for professional performance, it is necessary for a variety
of activities such as supporting projects and carrying out good interviews or even an
argument. Effective communication is associated with convincing an audience. At
the same time, it includes listening. In fact, employers identified active listening as an
essential component of effective communication, highlighting its relevance for con-
flict resolution, especially at the management level. Finally, about communicative
skills, employers identified communication as a requirement for professional devel-
opment at all levels:

“At every level, the ability to communicate is vital.”

Open codes Axial codes: Categories Selectives: Themes

[ "Knowing how to communicate is also essential. Good |
ideas are useless if you don't know how to express them." /™

/"It's important for industrial engineers to have effectiv e ¢
( and assertive communication skills at all levels, and to be | | Effective communication |
able to communicate with both middle and senior // \
management." v
"I think young people need courses in leadership, o4 \
effective communication, and teamwork." \

( "Oral communication is irreplaceable for supporting your |
project in a meeting "
Communication for \
professional performance

("Communication at all levels [is essential] in professional| -
\ performance.”

/”"Sometimes in interviews, someone responds in a very \
closed or aggressive way, and you dismiss it, but maybe
\ it's just an impression."

\/

( "T've met general managers who spent 95% of their time | hAY )
\ listening to people.” R \\

Effective

- \\
7 = Active listening - -+ A Sl
= communication

“"That's why the ability to resolve conflicts assertively, "\ |_—1" o
| without fighting, by understanding the problem, is highly — s m—
3 valued." /

1f you don't know how to control yourself, you'll be even.
[ less able to lead others. That's why the ability to resolve | /
conflicts assertively, without fighting, by understanding \
the problem, is highly valued.” /N if

"To be able to successfully apply to industries in which | N
you must have communication skills." /N \

"Yes, both are essential: oral communication and
writing."

Communicative skills

7 "[1t is a requirement] in terms of competencies: close
| attention to detail, information management, analytical |~
\_ skills, macro-thinking, and communication skills."

"At every level, the ability to communicate is vital” [ | /

"As 1 said, oral communication is key because it allows ™, /
you to convey not only your ideas, but also how you feel |
and everything you can contribute." /

Mo 7 T S
Fig. 5. Codes, categories, and themes identified for the effective communication competency

About teamwork, employers considered that implementing undergraduate

research experiences has a significant relevance for the development of this com-

petency. The most relevant categories identified for this theme were complemen-
tary competencies and multidisciplinary teams. Regarding multidisciplinary teams,
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employers stated that projects nowadays are developed by a variety of professionals
who are expected to collaborate with each other, reason why teamwork has become
more complex. As for complementary competencies, they recognized that teamwork
is closely related to other competencies, such as effective communication, leadership,
and organizational and management skills. They also identified teamwork as a
generic competency necessary for the engineering professional field. However, they
also acknowledged further training is needed for its development, as stated below:

“I think young people need courses in leadership, effective communication, and
teamwork.”

Intellectual curiosity was also discussed by employers. They considered that
undergraduate research experiences may also promote the development of this com-
petency. Categories identified for this theme were: academic curiosity, technological
support, and professional curiosity. As for technological support, employers stated
that this curiosity is fostered by technology, as this can be a source to obtain
information. Regarding academic curiosity, it is associated with creativity and a
desire to continue learning, while professional curiosity may be transferred to stu-
dents’ academic path, as stated:

“[Research training] promotes intellectual curiosity.”
“Then, with that attitude, they began to better approach their profession.”

As for adaptability, employers stated that this competency may also be fos-
tered by undergraduate research experiences. Categories identified for this theme
included resilience, flexibility, and adaptability. Regarding resilience, employers
recognized that adaptability is closely related to other competencies, such as emo-
tional management, pressure management, and people management. They also
identified adaptability as a generic competency necessary for the professional field.
With respect to flexibility, employers considered that it leads to a stronger capacity
to adapt to changing circumstances and unexpected challenges. This capacity allows
individuals and teams to remain effective even in dynamic environments, ensuring
that goals can still be met despite shifting priorities or unforeseen obstacles. Finally,
when referring to adaptability, they acknowledged it is important that profession-
als are able to transform themselves according to the permanent cycle of constant
changes of the environment:

“Adapting to generational changes is key.”

Finally, employers stated that developing digital literacy is highly relevant for
enhancing professional performance across various sectors. In thisregard, categories
identified within this theme included: training in Al, the use of technological tools,
and technology specific to each sector. With respect to the application of techno-
logical tools, professionals considered that automating is key now that artificial
intelligence is used more. BIM methodology was pointed out as an example. In this
line, with relation to the sector-specific technology, employers found it important for
students to master it. For example, in construction, young engineers are expected
to use tablets to transform virtual construction into a real one. Lastly, regarding
training in Al, they stated that this is an emerging field that should be explored.
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4.2 Survey

In the second stage of data collection, surveys were applied to graduates to
determine their perceptions about their own research knowledge. To measure the
variables, the survey was organized into four sections: (I) cognitive, (II) investigative,
(ITD) methodological, and (IV) collaborative. Consequently, this subsection is orga-
nized according to these sections, that might as well be identified as dimensions.

Cognitive skills. Figure 6 presents the results obtained for the cognitive
dimension, composed of six items: (1) identification of relevant problems in the
environment for research development; (2) assessment of textual and non-textual
information found in databases; (3) organization of information by topic, level,
or category; (4) verification of the clarity and accuracy of the research writing;
(5) ability to support arguments through citations, data, and relevant evidence;
and (6) ability to coherently relate the components of the research.

Overall, graduates reported high levels of agreement across the dimension, partic-
ularly regarding the verification of clarity and accuracy in research writing (61.4%
strongly agreed and 34.3% agreed), the support of arguments through citations, data,
and relevant evidence (58.6% strongly and 31.4% agreed), and the coherent articu-
lation of research components (53.6% strongly agreed and 37.9% agreed). Similarly,
most participants perceived themselves as capable of identifying relevant research
problems (44.3% strongly agreed and 44.3% agreed).

These findings suggest that graduates perceive themselves as possessing strong
cognitive skills associated with questioning, critical analysis, and academic writing
within research contexts. Nevertheless, a smaller proportion of neutral and negative
responses was identified in the item related to the evaluation and organization of
information from scientific databases (8.6% neither agreed nor disagreed, 5.7% dis-
agreed, and 1.4% strongly disagreed) and the organization of information according
to topics, levels, or categories (10.0% neither agreed nor disagreed, 5.7% disagreed,
and 1.4% strongly disagreed), indicating opportunities to further strengthen these
processes during undergraduate research training.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Statement 1 44.30% 5.00% 44.30% 0.70%
Statement 2 44.30% 5.70% 40.00% 1.40%
Statement 3 42.10% 5.70% 40.70% 1.40%
2.10%
Statement 4 34.30% 8\ 1.40% 61.40% 0.70%
Statement 5 31.40% 3.60% 58.60% 1.40%
Statement 6 37.90% 2.90% 53.60% 2.10%

m Strongly Agree Agree  mNeither agree nor disagree m Disagree Strongly disagree

Fig. 6. Values obtained for engineering graduates’ self-perceptions of cognitive skills

Note: The numbering on the vertical axis of the figure corresponds to the numbering of the
questionnaire found in Table 4.

Investigative skills. Figure 7 presents the values obtained for the investigative

dimension, composed of five items: (1) use of concepts and keywords for search-
ing information in reliable sources; (2) search for information in reliable databases;
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(3) use of reference managers to classify information; (4) use of ICT and AI to orga-
nize information; and (5) use of social networks to communicate research results.

Overall, graduates reported positive perceptions regarding the use of keywords
(62.1% strongly agreed and 31.4% agreed) and reliable databases for informa-
tion retrieval (47.9% strongly agreed and 34.3% agreed), as well as the use of ICT
and Al tools to organize information (42.9% strongly agreed and 38.6% agreed).
However, lower levels of agreement were identified in relation to the use of refer-
ence managers, such as Mendeley and Zotero, for classifying information (27.9%
neither agreed nor disagreed, 19.3% disagreed, and 4.3% strongly disagreed) and
the use of social networks, such as LinkedIn or Google Scholar, for disseminating
research results (32.1% neither agreed nor disagreed, 19.3% disagreed, and 7.9%
strongly disagreed). These findings suggest that, while graduates perceive strengths
in information searching and organization, additional support may be needed to
strengthen skills associated with the management of specialized research scientific
tools and the communication of results.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Statement 8 34.30% 5.70% [ERLCS

Statement 11 22.90% 19.30% 7.90%

m Strongly Agree Agree  m Neitheragree nor disagree  ® Disagree Strongly disagree

Fig. 7. Values obtained for engineering graduates’ self-perceptions of investigative skills

Note: The numbering on the vertical axis of the figure corresponds to the numbering of the
questionnaire found in Table 4.

Methodological skills. Figure 8 shows the values obtained for the methodolog-
ical dimension, composed of twelve (12) items regarding the following abilities:
(1) categorizing bibliographic sources relevant to the topic and identifying poten-
tial research challenges; (2) identifying a research challenge; (3) formulating a
research problem and question; (4) defining the scope of research; (5) formulating
research objectives; (6) consolidating a review of the state of the art on the study
topic; (7) selecting relevant theories and theoretical foundations; (8) formulating
hypotheses; (9) interpreting results; (10) developing conclusions; (11) suggesting
recommendations; and (12) drafting documents with scientific-technical rigor.

Overall, graduates reported high levels of agreement across most methodological
skills, particularly regarding the formulation of objectives (50.7% strongly agreed
and 40% agreed) and hypotheses (42.9% strongly agreed and 47.1% agreed); the
interpretation of results (47.9% strongly agreed and 45% agreed); the development
of conclusions (45.7% strongly agreed and 45% agreed) and recommendations
(51.4% strongly agreed and 37.1% agreed); and the definition of research scope
(45.7% strongly agreed and 42.1% agreed).

Positive perceptions were also observed in relation to the construction of
theoretical frameworks (46.4% strongly agreed and 40.7% agreed), the consolidation
of a state of the art (41.4% strongly agreed and 41.4% agreed), and the formulation
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of a research problem (45% agreed and 43.6% agreed). Nevertheless, comparatively
lower levels of agreement were identified in tasks associated with categorizing
bibliographic sources (35% strongly agreed and 38.6%), identifying a research chal-
lenge (36.4% strongly agreed and 41.4% agreed) and drafting scientific documents
with technical rigor (45% strongly agreed and 34.3% agreed), suggesting the need
to further strengthen competencies related to scientific writing, questioning style of
thinking, and literature management within undergraduate research training.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Statement 12 38.60% 2.10%
Statement 13 41.40% 2.10%
Statement 14 45.00% 43.60% 0.70%
Statement 15 42.10% NEHORENL]  1.40%
Statoment 16 40.00% YT, 0.70%
Statement 17 ara0% EEEERET  .10%
Statement 18 40.70% 2.10%
Statement 19 47.10% 1.40%
Statement 20 45.00% BIOOERE 0.70%
Statement 21 45.00% IEERYT: 0.70%
Statement 22 37.10% 1.40%
Statement 23 45.00% 34.30% | RN 3.609 3.60%

m Strongly Agree Agree  m Neither agree nor disagree B Disagree Strongly disagree

Fig. 8. Values obtained for engineering graduates’ self-perceptions of methodological skills

Note: The numbering on the vertical axis of the figure corresponds to the numbering of the
questionnaire found in Table 4.

Collaborative skills. Figure 9 shows the values obtained for the collaborative
dimension, composed of six (6) items: (1) use of digital tools for communication and
coordination with members of the research team; (2) use of virtual platforms to share,
analyze, discuss, and build knowledge; (3) participation in every stage of research;
(4) assumption of responsibility for fulfilling assigned tasks and collaborating with
research team members; (5) recognition of team members’ strengths for task alloca-
tion; and (6) consideration of others’ points of view and constructive criticism.

Overall, graduates reported highly positive perceptions across all items, particu-
larly regarding the use of virtual platforms for collaborative knowledge construction
(57.9% strongly agreed and 31.4% agreed), the use of digital tools for communication
and coordination (55.7% strongly agreed and 32.9% agreed), responsibility
fulfillment (55% strongly agreed and 37.9% agreed) and the consideration of diverse
perspectives during research processes (58.6% strongly agreed and 36.4% agreed).
They also reported positive perceptions concerning participation (55.7% strongly
agreed and 35.7% agreed) and recognition of others’ strengths (50.7% strongly
agreed and 40.7% agreed).

These findings suggest that graduates perceive themselves as possessing strong
collaborative skills within research environments, especially in relation to team-
work, digital interaction, and effective communication. The consistently high levels
of agreement across this dimension reinforce the relevance of undergraduate
research experiences as spaces that may foster generic competencies.
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Statement 24 55.70% 32.90% PR 2.90%
statement25 | T A 31.40% SHOREIT0. 70%
Statement 26 55.70% 35.70% 1.40%
Statement 27 55.00% 37.90% 4 ! 1.40%
Statement 28 50.70% 40.70% 0.70%
Statement 29 58.60% 36.40% 29087 0.70%

m Strongly Agree  m Agree B Neither agree nor disagree M Disagree 1 Strongly disagree

Fig. 9. Values obtained for engineering graduates’ self-perceptions of collaborative skills

Note: The numbering on the vertical axis of the figure corresponds to the numbering of the
questionnaire found in Table 4.

5  DISCUSSION

This section reports the findings derived from the two data collection tech-
niques, interview and survey, which are presented in separate subsections, each
corresponding to one method. Within each subsection, the results are discussed in
relation to the specific objective it addresses.

5.1 Identification of the generic competencies most valued by employers and
the gaps that need to be developed in engineering graduates

First, research competency emerged as the most prominent competency identi-
fied by employers, appearing 35 times as an emerging code during the interviews.
Employers emphasized that undergraduate research experiences provide stu-
dents with structured approaches to problem-solving that may later be transferred
to professional practice. In this sense, research experiences integrated into the
teaching-learning process allow students to engage with state-of-the-art disciplinary
knowledge in a transversal manner [92].

Employers also highlighted the importance of fostering a research-oriented
institutional culture to support the incorporation of undergraduate research expe-
riences, strengthen academic productivity, and encourage the industry-academia
synergy [48]. Previous studies have similarly suggested that RBL may enhance
research skills while simultaneously supporting the perceived development of
generic competencies [93]. Consequently, employers stressed the importance of
strengthening research competency among undergraduate engineering students.

Furthermore, they also associated research competency with innovation capacity,
reinforcing its relevance within contemporary engineering education and profes-
sional practice [94]. The findings also suggest that research competency may support
the development of other generic competencies, particularly analytical and critical
thinking, as well as LL [95].

Second, LL was also emphasized by employers, emerging twelve (12) times
as a code during the interviews. They highlighted the role of this competency in
bridging the gap between graduates’ competencies and the continuous evolution
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of the labor market demands [96]. As reported by [41], LL equips professionals to
cope with the challenges of economic globalization and to remain competitive.
Similarly, [97] indicated that the ability to learn continuously and independently
is valuable for multidisciplinary work, innovation, and expanding knowledge
domains for career transitions. Employers shared this perspective, emphasizing that
LL not only enhances employability [98] but also supports the development and
application of meaningful knowledge and complementary competencies through-
out professional practice.

Third, analytical and critical thinking emerged 13 times during the interviews,
highlighting its relevance for engineering graduates. As previously discussed,
employers emphasized that this competency is closely associated with under-
graduate research experiences, since research processes encourage students to
question their surroundings, evaluate information critically, and explore multiple
approaches to problem-solving [105]. In this sense, employers perceived this com-
petency as strongly interconnected with research competency and LL, as all three
involve inquiry, continuous knowledge acquisition, reflection, and adaptability to
changing professional environments. This perspective reinforces previous find-
ings suggesting that analytical and critical thinking may be strengthened through
research experiences at different educational levels [99].

Employers also acknowledged that higher education institutions generally
provide solid preparation in analytical and critical thinking across engineering
specialties. Nevertheless, they stressed the importance of continuing to reinforce it
among engineering students due to their relevance for collaboration, idea exchange,
and the generation of innovative solutions within professional contexts [95].
Furthermore, analytical and critical thinking has been associated with processes of
information searching, selection, and critical evaluation, which are particularly rel-
evant undergraduate research environments [106].

Fourth, employers particularly valued interpersonal competencies, especially
effective communication, which emerged 21 times during the interviews, and
teamwork, which emerged 18 times. Rather than functioning independently, employ-
ers emphasized that these competencies complement one another, contributing to a
more comprehensive professional profile in engineering education, as stated by [90].
Their relevance to organizations is associated with employability [88] and profes-
sional performance [41] within increasingly collaborative work environments.

Certainly, [41] and [89] corroborated the importance of developing teamwork
in engineering professionals, while [8] and [88] revealed that effective commu-
nication is needed to allow proper interaction, providing professionals with tools
for argumentation and preparing them to exchange ideas within multidisci-
plinary contexts.

In this regard, employers highlighted the need to strengthen curricular opportu-
nities that foster teamwork and effective communication among future engineers,
demonstrating the importance of strengthening these competencies in engineer-
ing students. This concern reflects broader discussions regarding undergraduate
training quality and the persistent challenges associated with the development of
generic competencies [91].

Finally, employers also emphasized complementary competencies associated
with professional adaptability and continuous development: intellectual curios-
ity, adaptability, and digital literacy. Intellectual curiosity emerged 15 times during
the interviews and was associated with motivation for knowledge acquisition
and proactive engagement with professional challenges. Employers perceived
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this competency as closely related to research competency, LL, and analytical and
critical thinking, since curiosity encourages inquiry, stimulates reflective thinking,
and supports professional growth [99]. Previous studies have similarly linked intel-
lectual curiosity to confidence development, creative thinking, perseverance, and
problem-solving [24, 100, 101]. In this regard, employers stressed the importance
of further strengthening this competency among engineering students due to its
relevance for addressing workplace challenges and fostering innovation-oriented
attitudes.

Adaptability, which emerged five times during the interviews, was also
considered essential within dynamic and constantly evolving professional environ-
ments. Employers emphasized that adaptability enables professionals to respond
effectively to shifting priorities and organizational challenges through flexibil-
ity and resilience [102]. Furthermore, this competency was perceived as strongly
connected to LL and the development of other generic competencies, particularly
creativity, innovation, and problem-solving [102, 103]. Employers also highlighted
that strengthening adaptability may expand graduates’ employment opportunities
across different organizational contexts [104].

Likewise, digital literacy emerged as a relevant competency for contemporary
engineering practice, appearing 10 times during the interviews. Employers asso-
ciated digital literacy with the effective management of digital tools, adaptation to
technological innovations, and the optimization of organizational processes that
support productivity and innovation [103, 104, 107]. Previous studies have similarly
suggested that this competency facilitates information management and continuous
professional training in response to evolving societal and labor market demands [107,
108, 109]. In this sense, employers perceived digital literacy as increasingly intercon-
nected with research competency, LL, and adaptability within technology-driven
professional environments.

5.2 Perception of research knowledge levels among engineering graduates

Cognitive skills. Cognitive skills may be defined as the abilities that allow
acquiring, processing, storing, and transforming information. According to litera-
ture, these skills are essential for research because they involve logical reasoning and
flexible thinking, facilitating decision-making and problem-solving processes [110].

The findings revealed high self-perceived levels of cognitive skills among
engineering graduates. Graduates particularly reported strong self-perceptions
regarding the verification of clarity and accuracy in research writing, the support of
arguments through evidence and citations, and the coherent articulation of research
components. Positive self-perceptions were also identified in relation to problem
identification, information evaluation, and information organization.

These findings suggest that undergraduate research training may support the
perceived development of critical and analytical thinking by exposing students to
research-oriented tasks involving information management, argumentation, and
problem-solving processes. In this sense, the quantitative findings complement the
employers’ perceptions obtained during the qualitative stage, where analytical and
critical thinking was identified as a highly valuable competency for engineering
graduates.

Previous studies have similarly suggested that RBL facilitates the understanding
of complex theoretical concepts while fostering analytical and critical thinking [90].
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Likewise, undergraduate research experiences have been associated with students’
ability to critically evaluate information and apply knowledge in authentic academic
and professional contexts [69]. Collectively, these findings reinforce the relevance of
implementing undergraduate research experiences for supporting cognitive skills
development, and thereby generic competencies, in engineering education.

Investigative skills. Investigative skills refer to the abilities that enable the
understanding and explanation of phenomena through inquiry, experimentation,
and hypothesis testing. According to the literature, these skills are essential for
research because they strengthen critical, analytical, and reflective thinking [111].

Overall, graduates reported positive self-perceptions regarding investigative
skills, particularly in relation to information retrieval through keywords and reli-
able databases, as well as the use of ICT and Al tools to organize information.
Nevertheless, comparatively lower levels of agreement were identified regarding
the use of reference management software and social media for communicating
research results.

These findings suggest that undergraduate research training may provide solid
foundations for information searching and organization, while simultaneously
revealing opportunities to strengthen abilities associated with scientific dissemina-
tion and specialized research tools. This pattern is consistent with the qualitative
findings, in which employers highlighted the importance of reinforcing effective
communication to properly disseminate research outcomes.

Previous studies have similarly indicated that undergraduate research experi-
ences may strengthen both research competency and other generic competencies
essential for professional performance, such as LL [93]. In particular, research-
oriented learning environments have been associated with improvements in
information-searching processes and the management of academic sources [105].
These findings reinforce the importance of consolidating research training strategies
that support not only information management but also scientific communication
within engineering education.

Methodological skills. Methodological skills may be defined as the ability to
approach research questions in a systematic, controlled, and organized manner,
while translating theoretical aspects into practical applications and critically exam-
ining the information obtained. According to literature, these skills are fundamental
for conducting structured and rigorous research processes [112].

The findings revealed consistently high self-perceived levels of methodological
skills among engineering graduates. Stronger perceptions were identified in com-
petencies related to formulating objectives and hypotheses, interpreting results,
developing conclusions and recommendations, and defining research scope. Positive
perceptions were also observed regarding the consolidation of a review of the state
of the art, construction of theoretical frameworks, and the contextualization of a
research problem.

Nevertheless, comparatively lower levels of agreement emerged in abilities asso-
ciated with categorizing bibliographic sources, identifying research challenges, and
drafting scientific documents with technical rigor. These findings suggest that, while
undergraduate research experiences may contribute to the perceived development
of methodological skills, additional reinforcement may still be needed in scientific
writing, questioning style of thinking, and literature management processes.

Previous studies have similarly emphasized that undergraduate research expe-
riences involve activities such as problem formulation, literature review, data
collection, analysis, interpretation, and communication of findings [8]. Likewise,
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formative research has been associated with the strengthening of methodologi-
cal skills among university students [113]. In this sense, the findings suggest that
research-oriented learning environments may facilitate the integration of theoretical
knowledge with practical inquiry processes, supporting the perceived development
of methodological skills in engineering education.

Collaborative skills. Collaborative skills can be defined as the ability to coordinate
actions with others in pursuit of shared goals through cooperation, communication,
trust, and a focus on mutual benefit [93, 110]. According to literature, collabora-
tive skills are essential for research because they facilitate effective communication,
openness, trust, and creative thinking [24, 110].

The findings revealed highly positive self-perceptions regarding collaborative
skills across all items within the dimension. Graduates particularly reported strong
self-perceptions concerning the consideration of diverse perspectives during
research processes, responsibility fulfillment, the recognition of others’ potential;
teamwork coordination; and the use of digital tools and virtual platforms to
communicate and build knowledge.

These findings suggest that undergraduate research experiences may foster col-
laborative learning environments where competencies like effective communication,
digital literacy, and teamwork are actively promoted. This result is consistent with
the qualitative findings, in which employers emphasized teamwork and effective
communication as essential competencies for professional engineering practice.

Previous studies have similarly suggested that collaborative practices contribute
to the development of teamwork and effective communication competencies and
facilitate effective interaction within multidisciplinary professional environments
[95,114, 115,116, 117]. In this regard, research-oriented learning environments may
support the perceived development of collaborative skills by engaging students in
shared inquiry processes that resemble professional and organizational dynamics.

6  CONCLUSIONS

The findings of this study suggest a perceived association between undergrad-
uate research training and the development of generic competencies among engi-
neering graduates in Lima, Peru, particularly regarding cognitive, investigative,
methodological, and collaborative skills, which are considered essential for profes-
sional integration and performance.

Regarding the first specific objective, employers identified research competency,
LL, analytical and critical thinking, teamwork, effective communication, intellectual
curiosity, adaptability, and digital literacy as highly valuable for engineering grad-
uates. Rather than functioning independently, these competencies were perceived
as strongly interconnected, collectively supporting graduates’ capacity to respond
to changing and highly technological professional environments. Nevertheless,
perceived gaps were also identified, especially regarding effective communication,
adaptability, and intellectual curiosity, suggesting the need to further strengthen cur-
ricular and institutional strategies aimed at supporting the development of generic
competencies in engineering education.

With respect to the second specific objective, the findings revealed that graduates
reported high self-perceived levels of research knowledge, particularly regarding
cognitive, investigative, methodological, and collaborative skills. These perceptions
suggest that undergraduate research training may support the development of
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competencies associated with critical analysis, information management, the appli-
cation of scientific methodologies, and collaboration. Furthermore, the quantitative
findings complemented the qualitative results, as both graduates and employers
highlighted the relevance of competencies linked to research within engineering
education and professional practice: effective communication, analytical and crit-
ical thinking, and teamwork. Nevertheless, the comparatively lower perceptions
identified in the use of reference management tools and scientific communication
strategies suggest the need to further strengthen technical training associated with
applied research and research dissemination processes.

Taken together, the findings suggest that undergraduate research training is per-
ceived as contributing to the development of generic competencies associated not
only with academic performance but also employability,innovation, and professional
adaptability in engineering contexts. In particular, competencies such as effective
communication, teamwork, analytical and critical thinking, LL, and research com-
petency emerged as strongly interconnected within both the qualitative and quanti-
tative findings. Consequently, universities are encouraged to strengthen institutional
research cultures oriented toward active learning and competency-based education,
thereby enhancing the relevance of academic training in response to labor market
demands and the challenges of the knowledge society.

However, the findings should be interpreted considering the limitations of the
study: first, the qualitative component included only 10 employers. Thus, the find-
ings cannot be generalized to all engineering employers or industries. Second, the
quantitative sample of graduates was unevenly distributed across engineering pro-
grams, with a predominance of Industrial Engineering graduates. Consequently, the
perceptions reported in the survey may reflect, to a greater extent, the experiences
and training characteristics associated with that discipline. Finally, because the
study was conducted within a single private university in Lima, Peru, the findings
should be interpreted within this specific institutional context and should not be
generalized broadly to other STEM higher education programs.

In this regard, future research could involve larger and more balanced samples
from engineering programs at other STEM-oriented higher education institutions.
Studies involving a more proportional representation of disciplines would allow for
a more comprehensive understanding of how undergraduate research training is
perceived. Expanding the number and diversity of employers participating could
also provide broader insights into labor market expectations regarding generic
competencies.

Explanatory research may also facilitate further analysis of potential associations,
differences, and contextual factors related to the perceived development of generic
competencies through undergraduate research training. Finally, future studies may
also benefit from longitudinal or comparative designs, as well as from the inclusion
of direct assessments of research knowledge, including performance-based evalu-
ations, portfolio analysis, or external assessments, to complement self-perception
data with objective measurements. This may provide a deeper understanding of the
relationship between undergraduate research training and generic competencies.
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