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Abstract—Research training promotes the development of
students' research skills and competences. For this reason, the
study focuses on analyzing the self-perception of the acquisition
of research competences of mechanical and electrical
engineering students at the National Technological University
of Lima Sur, located in Peru. The purpose of determining these
results is to generate a research culture in the university context,
by means of policies, strategies and knowledge management
mechanisms supported by the use of information and
communication technologies (ICT). The research will be carried
out in the year 2022, and from the methodological point of view
it is descriptive and non-experimental design of transversal type.
A questionnaire was designed for data collection, consisting of
12 indicators; the reliability of the data collected was assessed
using Cronbach's alpha, whose value was 0.817. As there is no
research training from the initial level of the curriculum plan
that is aimed at enhancing the scientific and technological
capabilities of the student, the results reveal that 72% failed to
complete the development of scientific articles. With regard to
the difficulties and/or weaknesses identified, they are centred on
the low level of knowledge of quantitative or qualitative
research, the concepts of techniques and instruments for data
collection and discussion of results.

Index Terms—Investigative skills, Covid-19, self-perception
of engineering students, virtual learning.

I. INTRODUCTION

Higher education in the context of e-learning is marked by
various challenges, many of which are linked to how to
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achieve the development of research competences in students
[1], [2]- In this regard, technological tools in the context of
health emergencies have proved to be very useful in the
student learning process, as they have contributed to the
development of competences linked to formative research [3],
[4]. Formative research is relevant at university level as it
allows students to develop a set of knowledge, skills and
abilities to develop research processes [5], [6].

As indicated in [7]-[9], current higher education is marked
by different challenges, many of which are oriented towards
the development of academic competences related to
scientific research. Research competences are not only useful
for the optimal development of several of the activities
proposed in classes, but also contribute to scientific
production from the academy. In this sense, it is necessary for
teachers to incorporate pedagogical strategies into their
training plans that enable students to develop competences
that provide future professionals with important knowledge
and skills to access better employment opportunities
[10]-[24].

However, developing learning processes in formative
scientific research, in the context of social distancing or
health crisis, is not easy, as it somewhat limits fieldwork and
data collection [15]-[19]. It is therefore essential for
university institutions to generate educational learning
environments centred on virtual environments that facilitate
the processes involved in formative research [20].

Bearing in mind that there are different ways of organizing
the learning process that allow research competences to be
developed, the use of technological tools has made it possible
to implement these organizations within the context of
virtuality [21], [22]. Thus, for example, in synchronous
virtual learning sessions, it is possible to share criteria, reflect
on the usefulness of procedures used in the search for
information and the use of different research methods [23].
This is given, bearing in mind that research competences are
closely linked to the ability to explore information from
reliable sources, follow the scientific method in the inquiry
process, communicate the results of their research, work in
teams, thus achieving great educational achievements [24],
[25].

This is why it is important to obtain information on the
perception of research competences acquired by students
[26]. In this respect, [27] state that identifying the perception
makes it possible to influence certain factors in which the
student has difficulties in achieving or developing research
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out that through self-perception it is possible to evaluate the
domain of analysis and information processing and
everything corresponding to the methodological domain.

Based on the above, this article aims to analyze the
self-perception about the acquisition of investigative skills of
students of mechanical and electrical engineering of the
National Technological University of Lima Sur, located in
the district of Villa el Salvador, province of Lima in Peru.
The determination of these results aims to generate a research
culture in the university context, through the implementation
of policies, strategies and knowledge management
mechanisms supported by the use of information and
communication  technologies (ICT). From  the
methodological point of view, a descriptive level research
and a non-experimental cross-sectional design were
proposed.

Il. LITERARY REVIEW

A. Formative Research in Pre-pandemic Scenarios

On carrying out a search of bibliographical sources related
to the subject of research, we see at first that it is not only a
subject that is being analyzed in these times of health
emergency, but that many studies have already been carried
out on it. In this respect, [30] points out that the main problem
in incorporating formative research is that universities do not
have a sufficient number of teachers with research skills. This
is because formative research requires university lecturers to
adopt a different stance towards teaching and towards
students. In the first position, the complex, dynamic and
progressive nature of knowledge must be emphasized, and in
the second, the potential of students must be recognized and
accepted in order to take responsibility for being the
protagonists of their own learning.

University educational organizations must plan for
formative research in the curricula, as well as have the
support of appropriately trained teachers, financial resources,
infrastructure and equipment. This is where the research that
is progressively undertaken as part of formative research
takes on a major relevance. Through the thesis, it is one of the
most effective ways of carrying out research in universities,
as an alternative in the absence of financial resources and
equipped laboratories [31].

Formative research is a teaching-learning strategy that
introduces the subject of research into the planning of classes,
and therefore leads to thinking before doing. The
participation of the educational agents involved in a context
being relevant, this implies that teachers, students and course
contents must participate in the research, within an
educational context [32].

B. Formative Research in the Context of Social
Distancing

Referring to the studies carried out in this context of the
pandemic by Covid-19, [33] state that the health emergency
and the social distancing generated by the pandemic have
made us see that students can be motivated to do research,
even in this context. This implies that in order to adapt
students to this scenario, changes must be made to curricula

that lead to more time being devoted to teaching research
tools and linking them as soon as possible to research groups,
where they develop scientific thinking.

In [34], it is established that in this pandemic scenario, the
orientation of the teacher in the formative processes of
research requires not only mastery of the subject, but also a
set of skills and competences, in which the appropriate use of
communication technologies in educational practices is
highlighted. The capacity to respond through initiatives
undertaken by higher education is considered within the
framework of a disruptive, unprecedented process, which
managed to overcome trends estimated by multilateral
organizations, in which social distancing threatened a total
closure of university educational organizations. However, a
transcendental transformation, of intervention and work
between student-teacher-collaborators, has made it possible
to achieve continuity in training and research, which is a
significant advance in the transition driven from higher
education and research towards digital technologies [35].

In this context of health emergency, studies and research
on students' perceptions of the research practices considered
in their university education are relevant. It is therefore
important and necessary to evaluate them in order to
understand the performance of university educational
institutions in the development of formative research as a
transversal element that serves to develop competences and
capacities in research [36].

I1l. METHODOLOGY

A. Level and Research Design

The level of research is descriptive, because it seeks to
identify, through frequency statistics, relevant aspects linked
to the self-perception variable on the acquisition of
investigative skills of students in the last cycles (7th to 10th)
of mechanical engineering and electrical. As indicated by
[37], descriptive studies are characterized by having a single
study variable, this variable is called the variable of interest
since the study focuses on this variable, also, due to the
nature of the study. This study, being univariate, must take
into consideration the factors or indicators found in its
environment.

Regarding the establishment of the indicators that make up
the self-perception variable on the acquisition of
investigative skills, [37] point out that the number of
characterization factors or indicators will depend on the
expertise of the researcher based on their experience and they
are empirical approaches; In this sense, in the present study,
the variable under analysis is made up of twelve indicators,
which can be seen in Table I.

The research design is non-experimental and
cross-sectional, since the data was collected from the study
sample without any action that could alter or modify the
nature or initial state of the data. For this study, the evaluation
of the self-perception of the acquisition of research
competences of mechanical and electrical engineering
students was carried out during the 2021-l11 academic
semester.

1418



International Journal of Information and Education Technology, Vol. 12, No. 12, December 2022

B. Methodology for the Analysis of the Variable

The instrument used for data collection is a mixed
questionnaire of 12 questions (Table 1), the first 3 (11-13)
with open-ended quantitative answers and the next 9 (14-112)
with closed-ended answers. The results were processed in
SPSS, using the 4-level Likert scale. To determine the
validity of the data collected, the reliability test was carried
out using Cronbach's alpha, using SPSS V25 software. The
results show a high reliability value of 0.817. According to
[38], Cronbach's alpha values between 0.70 and 0.90 indicate
good internal consistency.

TABLE I: INSTRUMENT FOR DATA COLLECTION AND CODING OF

INDICATORS
Codification Indicators’
D1 In how many subjects do you enroll in the academic

semester 2021-11?

In how many subjects did the teacher leave the development
of a scientific article as academic work?

In how many subjects in which the teacher requested to
1D3 develop a scientific article, did you manage to fully develop
the scientific article?

Do you agree that teachers associate the academic work of a

1D2

ID4 subject with the preparation of a scientific article?

D5 What was your level of knowledge regarding concepts
related to quantitative or qualitative research?
What was your level of knowledge regarding specialized

1D6 sources or databases in the search for bibliographical
references?

D7 What was your level of knowledge regarding concepts
related to data collection techniques and instruments?
What was your level of knowledge regarding concepts

1D8 related to the validity of data collection instruments and
reliability?

1D9 What was your level of knowledge regarding concepts
related to the processing and analysis of collected data?
What was your level of knowledge regarding concepts

ID10 - -
related to the discussion of results?

D11 What was your level of knowledge regarding differentiating
your own from that of other authors (citations)?

D12 What was your level of knowledge regarding forms of

referencing according to the APA standard?

C. Preparation of a Scientific Article as a Training
Activity in Research

Syllabic content
Svnchronous learnin

A
v

Time

lp/ responseofthe PID

controlled controllers
variable

e e
! Modeling of
control
systems

Automatic
control
strategies

™

Literary

Identification review of the
ofthe subject under

study

Analysis of

It
resuits Self-assessment

and discussion
ofthe results
obtained from
the literary
review

obtained in
other
investigations

problem of
determining

the objectives
ofthe
investigation

Asynchronous

Asynchronous
learnin

Asynchronous
learning

Asynchronous
learnin

——————————— »

Finished
product

Fig. 1. Process architecture as part of the formative research process

In different subjects of the last cycles of the professional

school of mechanical and electrical engineering, with the
purpose of developing investigative competences in the
students, the elaboration of a scientific article is being
considered as part of the evaluation of the academic activity.
This activity is carried out in a group on topics related to the
subjects taught by the teacher, and the time they have is
approximately twelve to fourteen weeks. Fig. 1 shows the
architecture of the process in which it was used in the subject
of automatic process control of the semester 2021-11.

IV. RESULTS

As part of analyzing the self-perception about the
acquisition of investigative skills of mechanical and electrical
engineering students, Fig. 2 shows the percentage
relationship, with respect to the number of subjects enrolled
in the academic semester 2021-11 (ID1) and the number of
subjects, where the teacher left the development of a
scientific article as academic work (1D2).

Number of Subjects
-1 (=2 L = (953 [

g

6 20% 40% 60% 80% 100%
=D] =ID2
Fig. 2. Results of the ID1 and 1D2 indicators.

From the results of Fig. 2, it can be interpreted that of the
68% of the students who enrolled in the academic semester
2021-11 in 6 subjects, 16% of the students indicated that in the
6 subjects enrolled the teacher left as academic work the
development of a scientific article. On the other hand, 28% of
the students who enrolled in the academic semester 2021-11
in 7 and 5 subjects, indicated that they were not allowed to
develop a scientific article as part of the academic activities.
While 4% of the students who enrolled in the academic
semester 2021-11 in 3 subjects, 20% of the students indicated
that the development of a scientific article was left to them in
the 3 subjects enrolled. In general, it can be seen that 100% of
mechanical and electrical engineering students enrolled in the
academic semester 2021-11, were given the development of a
scientific article as part of the academic activities.

Next, in Fig. 3, the percentage relationship is shown, with
respect to the number of subjects enrolled, in which the
teacher left the development of a scientific article as
academic work (ID2) and the percentage in which it was
possible to develop them (ID3).

Number of Subjects
[=} £ w (%)

0%

&

20% 40% 60% 80% 100%
D2 wmID3

Fig. 3. Results of the ID2 and D3 indicators.
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From the results of Fig. 3, it is possible to determine the
percentage of students who complied and did not comply
with the development of the scientific articles that the teacher
left them as academic work. According to Fig. 3, 72% of the
students did not comply with the development of the
scientific articles, being only 28% of students who did
manage to develop them.

It should be noted that within the group of students who
did not conclude with the development of the scientific
articles, and responding to the 1D4 indicator, 52% of students
expressed their dissatisfaction (totally disagree and disagree)
with their development and that this activity formed part of
their qualification of the subject studied during virtual
learning, specifically, of this group of students who
expressed disagreement, 90.0% did not complete their
development, as did 100.0% of students who expressed total
disagreement. While 48% of students who stated that they
totally agreed and agreed with the development of the
scientific articles, only 45.5% managed to complete it and
54.5%, although they agreed with their development, did not
manage to complete it.

Determined the percentage of students who complied and
did not comply with the development of scientific articles,
the factor will be analyzed regarding their level of knowledge
(ID5-1D12), which allowed and/or hindered the development
of scientific articles; this analysis was achieved using the
cross-table test. Table Il shows the levels of knowledge and
indicators that allowed, according to the self-perception of
the acquisition of research skills of the students, the
fulfillment of the development of scientific articles.

TABLE Il: LEVELS OF KNOWLEDGE AND INDICATORS THAT ALLOWED THE
DEVELOPMENT OF SCIENTIFIC ARTICLES

Knowledge

ID5 ID6 ID7 ID8 ID9
level

ID10 ID11 1D12

Good 28.6% 57.1% 71.4% 57.1% 28.6% 71.4% 42.9% 42.9%

VeryGood 0% 0% 0% 0% 0% 0% 14.3% 42.9%

Table 1l shows that 85.8% of students who completed the
development of scientific articles are those who indicated
that they had an optimal level of knowledge (good and very
good) with the indicators that refer to the concepts related to
the ways of referencing according to APA standard (ID12),
likewise 71.4% are those who indicated having a good level
of knowledge regarding the concepts related to data
collection techniques and instruments (ID7), in the same way
71.4% of students are those who They indicated that they had
a good level of knowledge regarding the concepts related to
the discussion of results (1D10).

TABLE I1I: LEVELS OF KNOWLEDGE AND INDICATORS THAT DIFFICULT THE
DEVELOPMENT OF SCIENTIFIC ARTICLES

Knowledge

ID5 ID6 ID7 1D8 1D9
level

ID10 ID11 1D12

Regular 55.6% 50.0% 55.6% 44.4% 50.0% 44.4% 33.3% 33.3%

Deficient 5.6% 5.6% 5.6% 22.3% 5.6% 16.7% 27.8% 11.1%

Table 111 shows the levels of knowledge and indicators that
made it difficult according to the self-perception of the

acquisition of investigative skills of the students, the
fulfillment of the development of scientific articles.

Table 111 shows that 66.7% of students who did not comply
with the development of scientific articles are those who
indicated that they did not have an optimal level of
knowledge (regular and deficient) with the indicators that
refer to the concepts related to the validity of data collection
and reliability instruments (ID8), likewise 61.2% are those
who indicated not having an optimal level of knowledge
(regular and deficient) regarding the concepts related to
quantitative or qualitative research (ID5), in the same way the
61.2% of students are those who indicated not having an
optimal level of knowledge (regular and deficient) regarding
the concepts related to data collection techniques and
instruments (ID7), the same percentage of students are those
who indicated not having an optimal level of knowledge
(regular and poor) regarding the concepts related to the
discussion of results (ID10), similarly 61.2% of students is
are those who indicated not having an optimal level of
knowledge (regular and deficient) regarding the concepts
related to differentiating their own from that of other authors
(citations) (ID11).

V. DIsCUSSION

The results showed that during the academic semester
2021-11, 72% of students did not comply with the
development of scientific articles, within this group 90.0%
disagreed with their completion and 100.0% of students
strongly disagreed. Meanwhile, of the 48% of students who
stated that they totally agreed and agreed with the
development of the scientific articles, only 45.5% managed
to complete them. This may be due to the lack of a research
training process, which, as it is not developed progressively
within the curriculum and is only developed in some subjects
in the last cycles, does not allow students to strengthen their
scientific and technological capacities, nor does it allow them
to feel motivated to carry out these academic activities, which
represent an enriching source of knowledge and skills. As
indicated in [36], research practices that develop formative
research are conditioned by the competences and capacities
that students acquire from basic education, as well as by
institutional factors that must ensure university education
with adequate alignment towards a research culture.

The results obtained in [39] show that students who used
formative research developed scientific, investigative and
communicative skills according to the type of research
carried out. In turn, [9] points out that one factor that prevents
optimal research training is that the training of research
competences does not form an integral part of the curricular
plans of academic programmers, as in the case of engineering
degrees, which is why the academic curricular profile needs
to be redesigned. This may respond to the findings of [27] in
which the students felt that the content worked on in these
subjects has not helped them to consolidate the competence
of bibliographic search or the use of APA regulations in their
citations.

Regarding the students who did not comply with the
development of scientific articles, 66.7% are those who
indicated that they did not have an optimal level of
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knowledge regarding the concepts related to the validity of
data collection instruments and reliability of data; similarly in
percentage, 61.2% indicated that their difficulty is related to
concepts of quantitative or qualitative research, data
collection techniques and instruments, discussion of results
and differentiating their own from those of other authors
(citations). In the same line of similarity, in the research
carried out by [25] 74% of students showed a deficient level
and 26% showed a regular level in the use of communicative
and research skills, these difficulties are linked to the
comprehension and production of texts, as well as in specific
research  skills:  observing, describing, analyzing,
synthesizing and interpreting.

According to the results and based on the authors cited, we
highlight the relevance of formative research as part of the
teaching-learning strategies at university level, as it allows
the student to develop a set of knowledge, skills and abilities,
as well as generating a more communicative link between the
teacher and the students, especially in this context of
virtualization. In this regard, [40] showed that the process of
research training allows students to develop a greater culture
and develop their competences more effectively, and that this
training is currently closely related to the efficient use of
technologies. Being even more relevant, [26] points out that
there is a direct and significant relationship between the
formative research variables and the achievement of
competences in students.

Although it is true that at the beginning of this new
teaching-learning modality, it may have been difficult to
develop research competences in students, nowadays,
information and communication technologies (ICT) have
contributed to giving continuity to academic activities;
however, the development of virtual work implies that
teachers and students not only have a mastery of the subjects
involved in research but also of the management of virtual
platforms. For example, the many Google tools such as
Google form, used to carry out online surveys, or software
for data processing such as IBM SPSS online or other data
processors that are managed from the cloud.

With regard to what was argued in the previous paragraph
[41] point out that although the adaptation to virtual
environments was a factor that influenced the continuity of
formative processes in general, the change to virtuality could
have benefits for research training, such as the development
of competences for the efficient management of Information
and Communication Technologies (ICT), Technologies for
Empowerment and Participation (TEP) and Learning and
Knowledge Technologies (TAC), and the development of
professional competences. As pointed out in [34] in
formative research tutorials in times of pandemic, it is
emphasized that ICTs assist the development of
constructivist pedagogical approaches because they provide
an appropriate support for the realization of learning as
interaction between those involved.

VI. CONCLUSION

The results obtained led to the conclusion that the research
training of the students does not go hand in hand with a
training process from the initial level of the curricular plan

that is geared towards the enhancement of the student's
scientific and technological capacities; for this reason, 72%
of the students did not comply with the development of the
scientific articles that the teacher left them as academic work.
Likewise, the difficulties and/or weaknesses identified
according to the self-perception of the students' acquisition of
research competences are centred on the lack of knowledge
of concepts related to the validity of data collection
instruments and the reliability of data, quantitative or
qualitative research, data collection techniques and
instruments, the discussion of results and knowing how to
differentiate between one's own work and that of other
authors (citations). For this reason, the need arises to
implement in the curriculum, contents and methods oriented
towards the development of research training with emphasis
on the technological field which is directly linked to
professional engineering careers, taking into account the
self-perceived weaknesses of the students, thus seeking to
strengthen analytical skills, consolidating the training
capabilities of students in this professional area.
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