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Abstract: Several kinds of research conclude that the level of digital competence of students is mainly
oriented to their daily activities. Therefore, we present the current paper which seeks to determine
the impact of implementing a blended learning course designed to improve digital competence
for research (DCR) among a group of undergraduate engineering students. With this approach, a
quasi-experimental explanatory methodology with a causal-comparative scope was applied. For
this reason, the results were analyzed before and after applying a specially designed course to
the experimental group, comparing it with a passive control group by collecting data using three
previously validated instruments. For data analysis, students’ ¢-tests and two-way ANOVA (Analysis
of Variance) were used, estimating the effects with Cohen’s study. Given the results, there was a
statistically significant improvement (p < 0.05) in their skills and attitudes, but not in their knowledge,
obtaining a significant effect size only in the procedural dimension (f = 0.41 y n? = 0.142). Therefore,
the implementation of the course used in the blended learning modality is considered to significantly
improve the DCR of a group of undergraduate engineering students, although the results should be
evaluated with due reservations.

Keywords: blended learning; digital competence development; digital competence for research;
university students

1. Introduction

Digital competence is a transversal skill [1], and its first analysis started in Europe,
where a paper was published in 2006 in the Official Journal of the European Union, as
a parliament recommendation [2]. In that publication, it is recognized as a key skill for
the personal development of citizens. The knowledge, skills, and abilities, as well as the
attitudes required for digital competence, emanate from it.

As a result of the recommendation of the European Parliament, the DIGCOMP project
was launched in the European community in 2010, with the goal of establishing a reference
framework for digital competence. In the following year, Ala-Mutka [3] presented a report
on the theoretical-conceptual mapping of digital competence, in which he detailed all
related concepts. Subsequently, Ferrari [4] presented a second report in which he provided
a better understanding and development of the digital competence previously proposed by
Ala-Mutka [3]. In the same year, Janssen and Stoyanov [5] presented a research report where
they compiled the opinions of experts on the development of Europe’s citizen’s digital
competence. A year later, Ferrari [6] presented the results of this stage of the DIGCOMP
project.

On the other hand, the conceptualization and development of digital competence
has undergone a transformation since its incursion in 2006 in the European Parliament.
Initially, Martin and Grudziecki [7] conceptualized digital literacy (digital competence) to
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be divided into three levels: level I, referred to as digital competence; level II, referred to as
digital use; and level 111, called digital transformation. This hierarchical ranking was taken
up by Ala-Mutka [3] to guide the structure of the digital competence model and served as
an analysis for Ferrari’s [4] digital competence framework, called the DigComp model.

While there are other models of digital competencies or skills [8-12], the DigComp
model is the most internationally recognized. It has served as the basis for multiple
investigations, including some of these models, and, coincidentally, its purpose is similar to
those proposed in this study. Therefore, it is used as a reference for the operationalization
of this construct.

On the other hand, to improve classical access to education, there are massive open
online courses, called MOOC (Massive Open Online Courses), since they have features
of open access to educational resources with unlimited participation, as cited by Yousef
and Sumner [13]. Although this type of course has been developed in the last decade,
their evolution depends on the level of accessibility that students have, they consider that
most MOOC are being taken advantage of by professionals to keep themselves updated.
However, Yousef and Sumner [13] found that there is still a need to improve strategies to
regulate their self-access since satisfactory results depend on it.

The following is a list of the main findings of some research that sought to develop
digital competence:

e Hernandez, et al. [14] verified that in a MOOC environment, OER (Open Educational
Resources) contribute to the development of digital competence. Consequently, they
conclude that MOOC are scenarios that foster learning and collaborative interaction,
as well as problem-solving.

e  Something similar was obtained in the research of Moreira et al. [15], who concluded
that collaborative work led them to a reflective process, which contributed to previous
theoretical knowledge.

e In the research of Napal et al. [16], they did not obtain the expected results, because of
the 21 sub-competencies, in 12 of them most of the students showed a level of basic; but
in none was there a majority with an advanced level. Therefore, they concluded that
their competencies could be improved in the dimensions where they were previously
trained as students, or through informal experiences and self-learning.

e In Olivares’ doctoral thesis, the students’ self-perception of mastery of digital com-
petence was found at a basic level, by obtaining failing grades in the practical and
knowledge part, in addition to the fact that with their strategy they did not achieve a
significant difference in any of the dimensions of digital competence [17].

o  Gonzalez et al. [18], found statistical differences in the five competency areas between
pre-test and post-test.

e In the doctoral research of Pérez [19], it was concluded that children adopt the use of
ICTs (Information and Communications Technology) in their daily lives at a high level,
but not so much at school, since their main assigned use is for leisure and recreational
activities. However, their level of digital competence drops drastically when trying to
do activities with the Internet and ICT applied to homework.

e Lagunes [20] identifies the need to develop the digital competence that university
students require when doing research. His proposal is based on the recommendations
made by the European Parliament [21] regarding the development of knowledge,
skills, and attitudes required for the development of individuals.

Therefore, it is necessary to adapt the construct of digital competence that university
students need to develop in order to conduct research, adapting their knowledge, skills,
and attitudes to the academic environment. According to the hierarchization of digital
competence proposed by Martin and Grudziecki [7] and taken up by Ala-Mutka [3], Digital
Competence for Research can be placed as a level II digital competence, where the com-
petences applied to a specific activity such as research, starting from the generic digital
competence, with its skills, knowledge, attitudes and values, are all grouped together. On
the other hand, according to Ferrari’s [6] perspective, the DCR is a digital competence; how-
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ever, based on his recommendations, each of its competencies is required to be adapted to
the specific needs of the environment or application. As an example, scientific research is a
sector of society that is directly affected by digital technologies, according to the agreement
of 14 May 2020, presented in the official state gazette [21], by the Ministry of Education and
Vocational Training of the Spanish government.

Digital competence for research was composed of three dimensions: (a) digital infor-
mation management, (b) communication and collaboration in virtual environments, and (c)
digital content creation. Digital competence for research could be operationally defined as
the ability to search, filter, evaluate and manage data, information, and digital content, as
well as to communicate and collaborate in virtual environments, creating digital content
for research purposes.

As a result of the above, the research question arises: What is the difference in digital
competence for research among undergraduate engineering students with the implementa-
tion of a blended learning course? It is proposed as a research hypothesis, that there are
significant differences in digital competence for research among undergraduate engineering
students with the implementation of a course designed in the blended learning modality.

2. Materials and Methods

This investigation seeks to measure the level of digital competence for the research
of university students, as well as to determine if it is possible to improve it significantly
through an intervention process. For this purpose, it is necessary to make use of a method
in which the researcher maintains a relationship independent of the process, with a neutral
stance, where it objectively explains the phenomenon and verifies its hypothesis, from
a positivist paradigm. According to Bizquerra et al. [22] (p. 71), the positivist paradigm

“focuses on explaining, predicting and controlling the phenomena under study”.

So, following the recommendation of Hernandez et al. [23], this research approach is
based on a quantitative approach. Due to the nature of the study, the research was designed
under a quasi-experimental explanatory method of pre-test, post-test, and passive control
group, implementing a causal-comparative study [22]. It was estimated that there is a
cause—effect relationship between the implementation of a course designed in the blended
learning modality and the digital competence for research of university students.

2.1. Population and Sample

The population of this study consisted of 248 semester students from a Naval Engineer-
ing University in Veracruz, Mexico, from which a non-probabilistic sample [22,23] consists
of 32 students (18.7% female and 81.3% male) from six educational programs that met
certain inclusion criteria, and with recommendations stipulated by the campus authorities
in the academic area. The inclusion and exclusion criteria were determined and are listed
below:

(a) Inclusion criteria:

e Class-groups with the lowest failure rate and with the best behavioral record,
which was an express request of the campus authorities, in order to reduce
the possibility of a negative impact due to the reduction in their free time by
participating in the project.

e Bean enrolled student (regardless of gender or age) of the second semester of
any major, corresponding to the academic year 2019-2020.

e Not have failed subjects in the first half of the current semester.

e  Being interested in being part of the research project.

e Have an assigned or own personal computer.

(b) Exclusion criteria:

e  Those who, throughout the development of the course, have an academic risk.
e  Students who do not actively participate, showing a lack of interest.
e  Students who have requested to leave the project.
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2.2. Data Collection Techniques and Instruments

For the pre-test and post-test data collection, three closed instruments were designed
and validated. First, a typical performance instrument [24] to measure the attitudinal
dimension, in addition to two instruments of maximum performance [25,26] to measure
the level of the procedural and cognitive dimensions of digital competence for the research.
These meet the evidence of psychometric quality (see Table 1), reliability (see Table 2) and
validity (see Table 3), to be used in the research work.

Table 1. Technical quality parameters of the three instruments.

DCR Dimension Pmin < P < Pmax P D Rbis
Knowledge 0.20<P<0.79 0.483 0.469 0.381
Skills 021 <P<046 0.318 0.708 0.606
Attitudes — - - 0.420

Obtained with the classical test theory [25,27].

Table 2. Reliability of the three instruments.

DCR Dimension Q KR-20 Compound Reliability =~ Cronbach’s Alpha
Knowledge 0.85 0.829 - -
Skills 0.85 0.820 - -
Attitudes 0.85 - 0.831,0.824 y 0.833 0.872

Table 3. Evidence of reliability obtained from the AFE and AFC.

Parameter Criterion Value
Knowledge

x2/(gl) >1 (Excellent) 397/230 = 1.72
SRMR <0.08 (Excellent) 0.0677
RMSEA >0.06 (Acceptable) 0.0609

Skills

x2/(gl) >1 (Excellent) 8.41/5=1.682

Pclose >0.05 (Excellent) 0.135
Attitudes
x2/(gl) >1 (Excellent) 241.236/149 = 1.62

CFI >0.90 (Acceptable) 0.905
SRMR <0.08 (Excellent) 0.064
RMSEA >0.06 (Acceptable) 0.063
PClose >0.01 (Excellent) 0.070

Applying the reliability criteria of Hu and Bentler [28].

2.3. Evaluation and Feedback

During the intervention process, 2 in-person and 15 virtual activities were carried
out, in which the teacher and the students participated actively, either individually or
collaboratively. To assess the level of commitment of each student in collaborative work,
a co-evaluation was made based on a rubric that specifically provided a description of
the criteria of the assigned work, quality of work, contribution to the team and group
integration. Each of the criteria had a score ranging from 0 to 25%, depending on the
performance levels: 1. Very competent; 2. Competent; 3. Work in progress; and 4. Needs
improvement.

On the other hand, to evaluate how well the individual or group activities met the
established requirements, an activity rubric was designed. Consequently, each of the
activities were assessed by the teacher and feedback was given in due time to each student,
through comments and recommendations attached to each activity, whose evidence of
development was uploaded to the Moodle educational platform.
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2.4. Evaluation of the Impact of the Course

Following the end of the intervention phase with the experimental group, the post-test
was carried out, applying the three test instruments again to both groups, which is called
test-retest, according to Olaz [29]. Because of the effect produced by memory and practice,
there could be an improvement in the performance of the groups. So, in order to disregard
this effect, we assessed how the performance of the experimental and passive control
groups changed between the pre-test and post-test.

Subsequently, the results of both groups were analyzed between the pre-test and
the post-test, in order to validate the hypotheses raised. For this purpose, a two-way
ANOVA test was performed. In this analysis, the dependent variables were the results of
the cognitive, procedural, and attitudinal dimensions, while the independent variables
were two categorical variables, corresponding to the treatment (type of group) and the type
of session. The values assigned to the categories of the treatment variable or group type
were 0 for the participants who did not receive treatment (passive control group), and 1 for
those who did receive treatment (experimental group). The values assigned to the session
were 0 for the pre-test results and 1 for the post-test.

Table 4 shows the comparison of the characteristics of the proposed approach with
our research work.

Table 4. Comparison of characteristics of the proposed approach and our research work.

Paradigm Type

Characteristics of the Research

Research Characteristics
Approach

Positivist Paradigm

o It follows the deductive hypothetical
model, so hypotheses that establish
causal relationships are formulated,
contrasted, and verified.

° It is quantitative research, so the
researcher maintains a relationship
independent of the process with a neutral
stance since objective tests and tests are
used for data collection, and are
automatically scored online.

A method in which the researcher
maintains an independent relationship
with the process, with a neutral posture,
where he objectively explains the

phenomenon and verifies his hypothesis.

The method is explanatory,
quasi-experimental pre-test, post-test, and
passive control group, given that the
sample is made up of intact and
non-random groups, thus guaranteeing

experimental control.

e  Onevariable (blended learning course) is
manipulated to see its effect on another
(DCR level).

° The study is causal-comparative, so
comparisons are made between the
experimental group and the passive
control group.

o It seeks the cause—effect relationship
based on the differences between groups.

2.5. Procedure for Analysis of Results

The results obtained by the experimental and passive control groups in the previous
stages were subjected to statistical analysis using Student’s t-tests and two-way ANOVA. In
addition, in each, their effect size was estimated with Cohen’s d. In the hypothesis decision
test, p < 0.05 was used as the standard for rejecting Hy.

Procedure: the following is a list of the activities carried out to evaluate the strategy used.
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1.  The pre-test was carried out by applying the three instruments of the DCR test to
the passive and experimental control groups. The responses of both groups were
evaluated based on the key and their database was created.

2. The course designed in the blended learning modality was implemented for the
experimental group.

3. The post-test was carried out, applying the three instruments of the DCR test to the
control and experimental groups.

4. The responses of both groups were evaluated based on the key and their database
was created.

5. The pre-test-post-test databases were unified and analyzed using IBM SPSS® software.

6.  The results of both groups obtained in the pretest were compared in each of the
instruments, applying the Student’s t-test for independent samples.

7. The results of both groups obtained in the post-test in each of the instruments were
compared by applying the Student’s t-test for independent samples.

8. The results of the passive control group obtained in the pretest-post-test in each of the
instruments were compared by applying the Student’s ¢-test for related samples.

9.  The results of the experimental group obtained in the pre-test-post-test in each of the
instruments were compared by applying the Student’s t-test for related samples.

10. Theresults obtained from the experimental and passive control groups were compared
between pre-test and post-test in each of the instruments, applying the two-way
ANOVA test, looking for the interaction between group and session. In cases where a
p-value of less than 0.05 was obtained, the effect size was estimated with Cohen’s d,
as well as its respective statistical power with the G*Power software.

3. Results
3.1. Diagnostic Stage

First, it was necessary to determine the level of the students in each aspect of digital
competence for the research, based on the score achieved in the instruments that make up
the test, as well as their general level based on the overall score. Since the scores are in the
interval from zero to ten, the following ranges of scores were assigned to establish the level
of the students in each case: from 0 to 4.99, basic; from 5 to 7.99, intermediate; and from 8
to 10, advanced.

Table 5 shows the results of the level obtained in the pretest by the students of the
experimental and control groups in each dimension of the DCR. The initial level of the
experimental group, in comparison to the cognitive dimension of the DCR, was higher
than that of the passive control group. However, this is an isolated case, since in the other
dimensions (procedural and attitudinal) the percentage of students in the passive control
group is higher, as they demonstrated a higher level of mastery.

Table 5. Comparison of the level of the DCR between the experimental and passive control groups in
the pre-test.

Group 1 Level Group 2 Level
DCR Dimension
Basic Intermedium Advanced Basic Intermedium Advanced
Knowledge 10% 20% 70% 0% 50% 50%
Skills 60% 30% 10% 10% 50% 40%
Attitudes 0% 60% 40% 0% 40% 60%

Group 1 = experimental group, group 2 = passive control group.

On the other hand, in order to better assess and compare their performance in the
pre-test prior to the intervention, the Student’s ¢-test was performed and analyzed.

The results in Table 6 show that the average performance of the passive control group
was superior in all aspects of the DCR. However, this improvement was only significant
in the procedural dimension, so in this case, it was possible to reject the hypothesis. That
is, it is the only case in which they were identified as two distinct groups, based on the
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marked differences in the procedural dimension of the DCR. According to Cohen’s work,
the largest contrasts obtained in the procedural dimension are estimated to be of a large
size (d > 0.8).

Table 6. Comparative performance between groups in the pre-test.

DCR Dimension

Group 1 Group 2 Cohen’s d

M SD M SD daf t p

Knowledge
Skills
Attitudes

7.990 1.5191 8.020 0.9931 18 —0.052 0.959 —0.023
4.600 1.8974 6.600 2.1187 18 —2.224 0.039 —0.994
7.720 0.6909 7.850 1.5168 18 —0.247 0.808 —0.110

Group 1 = experimental group, group 2 = passive control group.

3.2. Intervention Stage and Assessment of Course Impact

In the first instance, the grades of each participant throughout the course are broken
down, followed by the results obtained in the analyses comparing the performance of both
groups before and after the intervention, in order to validate the research hypothesis.

3.2.1. Intervention Stage

During the application of the course, more than 13 effective hours of sessions were
recorded, contained in 24 videos that include all the didactic material. Likewise, support
videos were attached to the platform as alternative sources of information for the virtual
sessions, as well as videos that illustrate cases related to the activities to be carried out.

On the other hand, during the intervention, the students carried out a total of 17 evalu-
ative activities previously presented in the didactic planning, of which ten were individual
and seven group activities. In each of them, the teacher assessed their knowledge and skills
based on a rubric of activities. On the other hand, the students carried out a co-evaluation
to estimate the general performance of their classmates in the activities, based on the
evaluation of the rubric criteria which are: assigned work, quality of work, contribution to
the team and group integration.

3.2.2. Course Impact Assessment Stage

First, it was considered relevant to assess the performance of the participants in the
experimental group in the post-test, regarding those in the passive control group. For this
purpose, the Student’s t-test for independent samples was repeated, the results of which
are included in Table 7. This table shows that, unlike what was obtained in the pretest,
now the average (M) of the experimental group is higher than that of the passive control
group in all aspects of digital competence for research, and particularly significant in the
cognitive and attitudinal dimensions (p < 0.5). However, in the procedural dimension this
is considered an average size, while in the overall test score it is considered large, produced
by the intervention, and estimated with Cohen’s work (d > 0.5and d > 0.8).

Table 7. Comparison of the performance between groups in the post-test.

DCR Dimension

Group 1 Group 2 Cohen’s d

M SD M SD daf t p

Knowledge
Skills
Attitudes

8.890 0.6173 8.060 1.0416 18 2.168 0.044 0.969
7.400 1.3499 6.400 2.2706 18 1.197 0.247 0.535
8.530 1.6720 6.200 2.9181 14.334 2.191 0.045 0.957

Group 1 = experimental group, group 2 = passive control group.

On the other hand, following Olaz [29] regarding possible odd variables in the test-
retest, a Student’s t-test was performed, comparing the performance of the passive control
group between the pre-test and the post-test (see Table 8). It is noted that the only aspect
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that showed an improvement was the cognitive aspect, although it is a minimal value.
However, supported by Cohen’s work, it can be inferred that the second application of
the test produced a large negative effect (d > 0.8) in the attitudinal aspect, which had a
medium impact on the overall score (d > 0.5).

Table 8. Comparative performance of the passive control group between the pre-test and post-test.

Group 1 Group 2 Cohen’s d
DCR Dimension
M SD M SD daf t p
Knowledge 8.020 0.9931 8.060 1.0416 9 -0.172 0.867 —0.055
Skills 6.600 2.1187 6.400 2.2706 9 0.557 0.591 0.176
Attitudes 7.850 1.5168 6.200 29181 9 2.557 0.031 0.808
Positive values of Cohen’s work imply that their averages were reduced in the post-test.

Likewise, when comparing the level of DCR between both test applications (see
Table 9), there is a change in their attitude level in the post-test, in which there was a
decrease in the order of 30% in the advanced level, which translated into a similar increase
in the basic level. This was the main cause of this decrease in the overall level of the test
Table 9. Comparison of the DCR level of the passive control group between the pre and post-test.

Level in Pretest Level in Post-Test
DCR Dimension
Basic Intermedium Advanced Basic Intermedium Advanced
Knowledge 0% 50% 50% 0% 50% 50%
Skills 10% 50% 40% 20% 40% 40%
Attitudes 0% 40% 60% 30% 40% 30%
The overall score level corresponds to the overall weight of all aspects of the DCR.

Subsequently, a Student’s t-test was performed for samples related to the experimental
group, estimating Cohen’s work in each case, in order to determine the effect for each
aspect of the DCR. The results are presented in Table 10, where it is shown that all aspects
of digital competence for the research improved notably, based on the increase in their
averages.

Table 10. Comparison of the performance of the experimental group between pre-test and post-test.
Group 1 Group 2 Cohen’s d
DCR Dimension
M SD M SD daf t p
Knowledge 7.990 1.5191 8.890 0.6173 9 —1.633 0.137 —0.516
Skills 4.600 1.8974 7.400 1.3499 9 —4.118 0.003 —1.302
Attitudes 7.720 0.6909 8.530 1.6720 9 -1.677 0.128 —0.530

Negative values of Cohen’s work imply that their averages increased in the post-test.

As for the cognitive and attitudinal dimensions, it is observed that their average value
increased; however, not significantly, since the results of the analysis show a high p-value
(p > 0.05). On the other hand, regarding the procedural aspect, the increase in its perfor-
mance is significant, given that its p-value is low enough (p < 0.05). It should be emphasized
that this is consistent with the results of Cohen’s work, which estimates that the effect of
the course on the procedural aspect is significant (d > 0.8), enough to statistically separate
the pre-test and post-test averages, with a calculated statistical power of 0.983 and a reliable
interval of 95%.

Table 11 shows the results of the research hypothesis by using the two-way ANOVA
test, presenting the interaction values of the group type and session variables. It is noted
that the improvement obtained is statistically significant (p < 0.05) in the procedural and
attitudinal aspects, but not in the cognitive aspect. It should be noted that a large effect
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size was estimated only for the procedural aspect (f > 0.4 and 2 > 0.14), while the cognitive
and attitudinal aspects had a medium effect size (f > 0.25 and 2 > 0.06). Nevertheless,
low statistical power was obtained for all three cases, with the maximum of these in the
procedural dimension.

Table 11. Results of the ANOVA test with the results of the interaction of the independent variables.

DCR Dimension df F p p Adjusted n? Effect Size f Observed Power
Knowledge 1 1.554 0.221 0.050 0.041 0.25 0.228
Skills 1 5.973 0.020 0.016 0.142 0.41 0.662
Attitudes 1 4.295 0.045 0.025 0.107 0.35 0.523
Finally, it is important to determine the impact of the intervention process on the DCR
level of the students in the experimental group, the results of which are shown in Table 12.
Table 12. Comparison of the DCR level of the experimental group between the pre-test and post-test.
Level in Pretest Level in Post-Test
DCR Dimension
Basic Intermedium Advanced Basic Intermedium Advanced
Knowledge 10% 20% 70% 0% 0% 100%
Skills 60% 30% 10% 0% 40% 60%
Attitudes 0% 60% 40% 10% 20% 70%

The level of the overall score corresponds to the weighting of all aspects of the DCR.

4. Discussion

In the present study, the general objective was to develop a proposal that would signif-
icantly improve the level of digital competence for research in undergraduate engineering
students. To achieve this, the research hypotheses were verified to be fulfilled:

Hypotheses Hil. There are significant differences in the cognitive dimension of digital competence
for research among university engineering students with the implementation of a course designed in
the blended learning modality.

Hypotheses Hi2. There are significant differences in the procedural dimension of digital com-
petence for research among engineering university students with the implementation of a course
designed in the blended learning modality.

Hypotheses Hi3. There are significant differences in the attitudinal dimension of digital com-
petence for research among engineering university students with the implementation of a course
designed in the blended learning modality.

4.1. Data Collection Systems

To achieve this, the first specific objective was to apply a validated performance instru-
ment to measure the digital competence for research of a group of university engineering
students in each of the dimensions of competence. Therefore, the three instruments of
the DCR test were designed and validated, the results of which were presented in the
methodology section.

Just like the present study, different investigations look to develop instruments that
measure the cognitive dimension of the digital competency of university students, such as
in Olivares’ [17] case. His instrument consisted of a diagnostic exam that did not calculate
its psychometric parameters either by applying the classic theory of the tests or the theory of
the item response. Moreover, it lacks valid evidence as it is only validated by the judgment
of experts.

In general terms, the present research study differentiates itself from other investi-
gations that use typical performance instruments to measure the digital competency of
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university students, such as in the investigations of Gonzalez et al. [18], Gutiérrez et al. [30],
as well as the (Master’s degree) studies of Ambriz [1] and the doctorate studies of Ascen-
cio [31], Marin [32], Olivares [17] and Pérez [19]. Highlighted among them is the work
of Marin [32], whose main research objective consists of the design of an instrument that
evaluates digital competency by means of a self-concept questionnaire, leaving aside the
opportunity to measure the maximum efficiency of the participants.

Likewise, the investigations that stand out are those that use an instrument that mea-
sures maximum performance and do not measure psychometric standards, nor evidence
of validity [17]. The proposed sample of the present study refers to a high-quality tech-
nique [25,27], moreover the instruments of maximum and typical performance that it
contains were validated by meeting the criteria for coping to adjustment [28]. Therefore, it
accomplishes the first objective, which corresponds to validating a performance sample
that measures digital competency for the research of a group of engineering university
students in each aspect.

4.2. Course Design and Implementation

The second and third specific objectives consisted of designing and implementing a
blended learning course that would improve the level of digital competency for the research
of a group of engineering university students. To this end, a blended learning course with
five modules was designed with the Moodle platform, with which a total of 18 distributed
sessions were carried out in a period of three months, some in-person and some virtual
with 17 in-person collaborative activities as well as a total of 24 support videos, with which
satisfactory results were obtained. The results of this study are in line with those obtained
by Dafonte et al. [33], due to the techno-pedagogical strategy used in flipped learning,
which has the objective of developing digital competency in a group of university students,
resulting in a high level of satisfaction and assessment.

The results of the application coincide with commentary from the participants, as
a high percentage thought that this methodology allowed them to be up to date in the
development of their subjects, as well as having better communication and interaction
in the classroom. Likewise, they expressed that the classes were more interesting and
dynamic, and therefore preferred this methodology over traditional methodology.

Likewise, in line with Arcos’ [34] research, who designed and implemented a massive
and open online course (MOOC) to develop the digital competency of mathematics teachers,
upload on the Moodle platform. The study allowed us to create technological skills in
a cooperative environment, which is considered ideal for the development of digital
competency, thanks to the implementation of activities and participation in discussion
forums. The flexibility of the MOOC was also valued as being responsible for the achieved
results, but in turn, is weighed as a factor in the desertion of the participants. This flexibility
is similar to that given by blended learning, which is also in line with that obtained in the
application of the proposed course.

On the other hand, this study contrasts with the doctoral research study from Oli-
vares [17], who wanted to strengthen digital competency in university students, but in the
planning of a techno-educative strategy only had seven sessions that were insufficient, in
light of the results. In contrast to the hypotheses, it demonstrated that it was not possible
to develop digital competency in any of its areas. With the 80 h that this blended learning
course proposed, it was possible to significantly improve the procedural dimension of
digital competency, moreover, completely homogenizing the cognitive dimension of the
participants to an advanced level. It can also be asserted that the planning of the design
of this course as an attributable variable is contrary to that of Gonzalez et al. [18], who
proposed the development of digital competency of university students by means of assign-
ments. Moreover, the collection of data was performed with a self-perception instrument,
with which it was concluded that development was significant in all dimensions.

It is worth noting that for the application of the proposed course, it was assured
that the measurement of the infrastructure was optimal, guaranteeing adequate access
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to the network during the in-person sessions, as well as the virtual sessions since all the
participants had an assigned team. This arrangement had the objective of not negatively
affecting the interest and motivation of the participants in a way that could alter the
process as in de Llorente’s [35] research, which did not have adequate infrastructure. Just
one computing lab complicated the development of the intervention, which he affirms
could have influenced the results obtained. Although in some cases there was a lack of
connectivity due to drawbacks from the contingency, it did not seem to affect interest or
motivation, as reflected in the results of the attitudinal dimension in the post-test.

Consequentially, we believe that the objectives of designing and implementing a course
with the blended learning modality in order to improve the level of digital competency for
research of a group of university engineering students were achieved.

4.3. Hypothesis Contrast

The fourth and last specific objective consisted of determining the effect that the
implementation of a course designed with the modality of blended learning would have in
each one of the dimensions of digital competency for the research for a group of engineering
university students. This objective, which is derived from the other research objectives,
is destined to contrast with the research hypotheses previously cited. The instruments
for cognitive, procedural, and attitudinal dimensions of digital competence for specially
designed research were applied to the passive control and the experimental groups, before
and after the intervention, according to that established with methodological design. It is
worth pointing out that both groups tried to integrate the same number of participants so
that, like that performed by Alducin and Vazquez [36], it would eliminate the possibility
that the difference would alter the results, as can be supposed of Aguado et al. [37] and
Marin’s [32] research.

Initially, the results of the pre-test (Table 6) allowed us to demonstrate that before the
intervention, the passive control group had greater development in its digital competency
for the investigation, based on the estimation of the performance averages in each one
of the instruments with the DCR sample. The average performance of the experimental
group was inferior in all aspects of digital competency for research, even in the procedural
dimension (p = 0.039), with an effect of great magnitude, causing a medium-sized effect
on the global score (d = —0.677). In this same order of ideas, in agreement with what
Olivares [17] carried out, we decided to select (those with) the lowest performance in the
sample as the experimental group in order not to favor intervention, avoiding the results
from being altered by knowledge and previous abilities.

As in the studies of Vazquez and Alducin [38] and Aguado et al. [37], which omitted
the control of this effect due to the fact that it could cause confusion or a bad interpretation
of the results and that establishing a correlation attribute to the impact, just through
intervention.

At the end of the implementation of the course designed with the blended learning
modality with the experimental group, a post-test was administered that again was applied
to both groups, and diametrically opposed results were obtained. The average value of
the experimental group was superior to that of the passive control group in the three
instruments that measure digital competence for research. Even though in the pre-test
the experimental group average was close (—0.03) to the passive control group, for the
post-test, its development achieved a significant difference (p = 0.044) as a result of the
intervention, considering a large-size effect (d = 0.969).

In the attitudinal dimension of DCR, we obtained similar results. While the experi-
mental group prior to the intervention had a medium that was slightly inferior to that of
the passive control group (—0.13), once the application was concluded, the difference in
average values increased overwhelmingly (2.33), considering the same significance order
(p = 0.045) as in the cognitive dimension, and with a size of effect (d = 0.957) that is just as
big, due to the significant decrease in the attitudinal dimension in the passive control group
(p = 0.031). This last result concurs with that presented by Olaz [29] regarding a possible
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unfavorable disposition of the participants in the second application of the sample, which
demands the strategy example to maintain its interest.

On the other hand, the procedural dimension obtained a difference with a medium
effect size (d = 0.535), which turned out not to be significant (p = 0.247), although the
growth of its average value regarding the passive control group (1.0) was more than that
obtained in the cognitive dimension (0.83), where it was considered significant. It should
be noted that before the intervention period, the difference was very wide (—2) in favor of
the passive control group.

Subsequently, before validating the research hypothesis, a Student’s t-test was carried
out for samples related to the pre-test and post-test data of the passive control group. The
results allowed for the corroboration that the application of the DCR sample for the same
group at two different times did not produce any considerable improvement. Only a minute
increase in the cognitive dimension (0.04) was achieved, while the scores became worse
in the procedural (—0.2) and the attitudinal (—1.65) dimensions. Therefore, we dismissed
that memory and practice affect the obtained results with the passive control group and
the experimental group, as Olaz [29] posits.

To determine the impact of the intervention process of digital competency on the
research of university students, a Student’s t-test was carried out for samples related to
data from the pre-test and post-test and the experimental group. In the cognitive dimension
instrument, an increase in average values was obtained (0.9), but the size of the intervention
was medium (—0.516), rendering its value not significant (p = 0.137).

In what corresponds to the cognitive dimension instrument, it should be noted that
there was large growth thanks to intervention. In the pre-test of the experimental group,
there was a median value that was much less than the passive control group (—2.0), and
the post-test was able to outperform it (1.0). Consequently, based on the sample results for
the validation of the hypothesis, it can be established that the intervention had a size with
a great effect (d = —1.302) on the procedural effect of the students.

From the resulting averages of the typical performance instrument, it can be verified
that there was a development in the attitudinal dimension (0.81). However, this growth
was not significant enough (p = 0.128). In terms of the effect of the intervention course, we
can conclude that it was positive at medium size (d= —0.530), differing from Olaz’s [29]
conclusions regarding a probable attitude decline during the post-test. It should be noted
that while the passive control group had a drastic decline, the experimental group had
a slight decrease, although it was not generalized. Even if some of the participants were
unmotivated, a large majority had a positive attitude, since their scores were very dispersed
(SD = 1.6720) over a high value average.

Finally, with the objective of validating the research hypotheses, the two-way ANOVA
test was carried out, which obtained the variables of types of groups and sessions. Ana-
lyzing the results obtained to validate the first research hypothesis corresponding to the
cognitive dimension, we observed that the improvement produced was not considered
decisive, given that its significance value (p = 0.221) was not small enough (p < 0.05) to
reject it as a void hypothesis. Despite this, the improvement achieved was estimated to be
a size of medium effect due to intervention with the course (f = 0.25 y n? = 0.04), which
coincides with Cohen’s d for the experimental group. Consequentially, void hypothesis
Hy is accepted, establishing that there are no significant differences in the cognitive di-
mension of digital competence for research for engineering university students with the
implementation of a course designed with the blended learning modality.

However, in light of the results of the Student’s t-test of the experimental group,
we observed that thanks to the intervention, all the students had an advanced level in
the cognitive dimension, which could weigh against the aforementioned. This can be
understood, since this aspect was the one that had the margin with the least improvement,
thus impeding significant growth. It should also be mentioned that the course allowed
for the homogenization of the cognitive dimension of digital competency for research,
verifying that the post-test grades were mostly concentrated around the average value
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(SD = 0.6173). This contrasted with the pre-test, which had more than double the dispersity
in its results (SD = 1.5191).

Moreover, with the results for the validation of the second research hypothesis, we
observed that the improvement in the procedural dimension was significant (p = 0.02),
together with the estimate that the course had a size with a big effect (f = 0.41 yn? = 0.142).
Due to this, we rejected hypothesis Hy, as void and accepted research hypothesis Hj,
which posits that there are significant differences in the procedural dimension of digital
competency for research among engineering university students with the implementation
of the course designed with the blended learning modality.

Likewise, regarding the contrast results of the third research hypothesis which corre-
sponds to the attitudinal dimension, we estimate that the curse had an effect of medium size
(f=0.35y h2 =0.107), but despite this, the improvement in their performance is equally con-
sidered significant (p = 0.045). Therefore, we rejected hypothesis Hys as void and accepted
research hypothesis H;s, which posits that there are significant differences in the procedural
dimension of digital competency for research among engineering university students with
the implementation of the course designed with the blended learning modality.

However, despite having satisfactory results in the hypothesis contrast between the
procedural and attitudinal dimensions, they cannot be generalized for all the studio popu-
lation and should be taken with necessary reservations, given that they were not endorsed
for their statistical potency, obtaining in both cases a very low value. In the case of proce-
dural dimension performance, a significant development was achieved with a potency of
0.662. This represents a probability of 33.8% of committing a Type II error, which is to say,
accepting a void hypothesis which is in fact false [39,40]. In the attitudinal dimension, a
potency of 0.523 was obtained with a probability of 47.7% of committing the same error.

With this revelation, we found that potency depends on various factors, which high-
lights the sample size that has a very low value for this investigation. In order to obtain a
statistical potency of 0.95 with a 5% probability of committing a type II error, a sample size
of 114 would be required, consistent with the estimates carried out a priori with G*Power
software. This is a great area of opportunity for this research.

Likewise, it should be mentioned that, if the hypothesis test is based on the adjusted
p-value of Table 11 obtained from the Bonferroni correction, it would be deduced that none
of the hypotheses is fulfilled, so the conclusions of this research should be directed towards
the analysis of the improvement of their opportunity areas.

5. Conclusions

Within the present study, it is concluded that the implementation of a course designed
in the blended learning modality improves digital competence for research (DCR). This is
verified with the development of DCR dimensions within an engineering college students
group when comparing their performance versus a passive control group.

Regarding the contributions, it should be mentioned that the proposal for the opera-
tionalization of the DCR presented is based on the DigComp model, the results of which
allow reviewing that its dimensions adequately express digital competence. In addition to
this, the proposal itself supports the DigComp 2.0 model [41], because opposite to other
works that address the digital competence of students towards general aspects, this one
focuses on digital competence that students require to carry out research. As expressed
by Loépez and Sevillano [42], who consider that the level of digital competence of students
is not necessarily reflected in their academic performance, basically because they tend to
apply it more around leisure and recreation activities.

Likewise, the design of the course was well accepted, initially, the participants ex-
pressed before the course that they considered themselves with an acceptable level of ICT
abilities (Information and Communication Technology), but their perception changed when
they realized that they did a basic use, not centered on research.

However, the results of this research should be taken with reservations due to the
small size of the sample. Therefore, it is considered that better results could be obtained
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whether the intervention time increases, and the sample size is above 114 participants. This
will allow a significant increase in statistical power, which provides more certainty for
generalization related to the entire study population.
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