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Abstract: The objective of this study is to characterize Latent Classes emerging from the analysis
of the level of digital competences, use and consumption of applications and/or services through
the Internet. For this purpose, the results of the survey Basic Digital Competences (Competencias
Básicas Digitales-COBADI®) applied to university students, with more than 60 categorical variables,
were considered. A total of 4762 undergraduate and graduate students from five Spanish universities
participated in this survey: Complutense University of Madrid (UCM), Pablo de Olavide University
(UPO), Almeria University (UAL), National University of Distance Education (UNED) and Rey
Juan Carlos University (URJC). The application of the questionnaire was done through the Internet,
from the Institute for Research in Social Sciences and Education of University of Atacama—Chile.
The methodology used is mixed, because the questions of the questionnaire provide qualitative
information that can be interpreted and elaborated from the results. It is also quantitative because
basic statistical techniques are used for the exploratory analysis of the data, and later Latent Class
Analysis (LCA), to complement the description of the data set and the variables considered in
the study, thus allowing us to group the classes of variables that do not appear explicitly in the
set of observed variables, but which nevertheless affect them. The results of the study show that
regardless of the gender and age range of the participants, there are four clearly differentiated groups
or classes in the use and consumption of ICTs in different ways for their activities, both personal and
academic, which allows for identifying different developments of digital competences. This study
allows establishing a baseline in order to be able to elaborate later, in the development of the digital
competences currently needed, which should be developed by university students.

Keywords: digital competences; latent class analysis; latent class models; data analysis; technology
consumption; ICT

1. Introduction

Higher education is undergoing constant social and cultural transformations. Each
time a different model appears to face the problems that occur inside the classroom or in
the field of educational management, the reception and incorporation of such models to
the teaching task is noticed. Currently, and due to scientific, technological and societal
advances, we are in the era of technology, with high standards of knowledge and skills that
must be acquired and shown in the performance of any profession.

It has been demonstrated globally that the development of digital competences is
useful for students, and these are useful for solving problems, particularly complex ones.
Currently, it has become essential to teach and instruct in order to form individuals that
manage knowledge [1], that are competent, skilled, creative, and critical; that use skills,

Educ. Sci. 2021, 11, 385. https://doi.org/10.3390/educsci11080385 https://www.mdpi.com/journal/education

https://www.mdpi.com/journal/education
https://www.mdpi.com
https://orcid.org/0000-0003-2718-8579
https://orcid.org/0000-0001-8158-0585
https://orcid.org/0000-0003-0741-5367
https://orcid.org/0000-0001-9338-4485
https://doi.org/10.3390/educsci11080385
https://doi.org/10.3390/educsci11080385
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/educsci11080385
https://www.mdpi.com/journal/education
https://www.mdpi.com/article/10.3390/educsci11080385?type=check_update&version=1


Educ. Sci. 2021, 11, 385 2 of 16

solve problems, and thus demonstrate the learning obtained. These ideas are reflected in
national and international educational agendas [2–4]. They prioritize student performance;
which is clearly reflected in the acquisition of competences [5]. Taking into consideration
that in this decade, an approach oriented to the development of complex skills prevails
in modern society [6], it is relevant to prepare students to be able to develop and apply
thinking through critical, creative, and divergent reasoning, and to know the path of logic,
deduction, induction, and the scientific method in order to solve problems [7,8].

Given this dynamism, educational institutions must restructure their pedagogical
practices and processes to respond to the impact that these advances have on their system.
In some way, the implementation of new digital tools contributes to the preparation of stu-
dents committed to their professional area, also to the formation of competent individuals
able to face situations with innovative solutions; and willing to solve problems. This is part
of the essential tasks that higher education institutions must take into account [2,3].

Under this context, the present research work aims to obtain a characterization and de-
scription of groups or classes, establishing the level of development of digital competences
in each class, in relation to the consumption and use of ICTs by students within a university
context of the 21st century. Specifically, the aim is to contrast and differentiate these digital
competences in the daily use of ICTs, in all those Internet services that students use for
leisure, communication, interaction, and academic work activities, which allow them to
develop competences. For this, the study focuses on the five blocks of the COBADI®

instrument, which is applied to 4762 students of Spanish universities.
In the analysis, statistical methods are initially used for the exploratory analysis of

the data, followed by the LCA technique. The latter, is used to identify and interpret the
groups according to their different levels of development of digital skills. This study will
allow for establishing a baseline for a subsequent deeper analysis of the digital compe-
tences that students manage to develop, with the necessary technology to cope with their
activities, both personal and academic, and the regular habit of using technologies in the
teaching-learning process. The article is structured in five sections. Section 2 presents
the conceptual framework necessary to understand the study, where two key concepts
are defined: digital competences and latent class analysis. Section 3 presents the work
methodology, population, and sample used, as well as the description of the instrument
applied, which in this case is COBADI®. Section 4 provides a detailed analysis of the
results of the study. Finally, Section 5 presents the final conclusions of the study, as well as
proposals for future work.

2. Conceptual Framework

The definition of competence varies according to different views of the authors and
the context in which it is defined; its conception has slightly varied depending on the field
of study over the years [9–17]. Considering the established by different authors in the
educational field, the definition of competence can be understood as a relationship among
the actor or target audience, knowledge, and skills. In this relationship it is understood
that the knowledge and skills applied together with the personal characteristics of the
individual, are used in a given task, in the effective resolution of situations, and to respond
to circumstances from their own context [18].

The competences currently considered as relevant include the so-called “digital com-
petences” as a key element to be developed [19–22]. Digital competences can be understood
as the ability to use technological tools effectively to improve different areas of the life of in-
dividuals, considering the critical commitment and responsibility use to learn, to work, and
to participate in society, with perspectives of empowerment [20,21]. It is important to note
that digital competences are not sufficient for professional and educational performance,
but attitudinal aspects must be taken into consideration for their effective use [23].

In an educational context, digital competence is related to the transfer of information
and creation of innovation spaces [24]. Virtual spaces have become a space for dialogic
exchange and participation for meaningful learning, making a change in the current
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pedagogical scenario [20,21,25]. In these exchanges and the ease of access to information,
spaces of autonomy are generated, thus allowing the teaching–learning process to be much
more student-centered, changing the traditional learning process that is still implemented in
different institutions. At the same time, these changes in educational approaches generate
the need to prepare and instruct the individuals participating in the educational processes,
in order to form professionals with the necessary skills and abilities to develop in the
current revolution of the knowledge society [19]. The use of technological tools has become
practically an obligation for the performance and fulfillment of higher education standards.
Educational institutions play a fundamental role in promoting their use and achieving their
educational goals through these tools, contributing to scientific and social growth [26].

Competences have become a topic of interest and concern in the world, and in recent
times, it has been contextualized in the use of the competency-based curriculum approach.
One of the possible causes of this concern may be the unsatisfactory results in international
assessments [27].

According to Calle and Lozano [28], the digital literacy process involves the acquisition
of certain competences that facilitate the construction of an individual that is capable of
interacting through ICTs. One of the OECD reports on the impact of the digital era on
people’s well-being points out that technology can have both, a positive and a negative
impact on people’s lives [29].

There are organizations that define the standards that best describe the digital com-
petence of teachers [30]; in addition, it is important to note that these standards are used
and acknowledged at international level. Digital competences are disaggregated into
six competency areas, and these, in the skills, abilities and therefore competences that
come to affect the competency areas [31,32]. These are: professional engagement, digital
resources, digital pedagogy, assessment and feedback, empowering learners, and facilitat-
ing competence. Moreover, the European Digital Competence Framework for Educators
(DigCompEdu) describes standards that are divided into teaching profiles that should be
developed throughout the professional career. In this manner, each country establishes a
reference framework to develop their qualification framework for generic competences
and digital competences. In Chile, five dimensions are presented for digital competence:
theoretical, management, social, ethical and legal, and pedagogical responsibility and
development [33,34].

The 2019 OECD report shows that in Chile, there is a lack of statistics on the use of
technology. There is high exposure to risks and low exploitation of opportunities in the
use of technology. Internet access is above the OECD average at 87.5%. Thus, Chile is the
second country with the second least varied Internet use. Inequality of use is above the
OECD average. One of the main disadvantages and risks of the country refer to low digital
skills, low use of online education, high level of jobs at risk of automation, and extreme
internet use among 15-year-old people (Chile occupies the first place).

From the point of view of university students and their families, there are situations of
inequality, in sociocultural terms, and in terms of access to technological tools and materials,
which would allow them the access, presence, and adequate management of virtuality.
According to UNESCO [35], there is a low level of digital literacy among teachers, students,
and families. Although the Internet access gap has been narrowing in recent years, it is still
present in the most disadvantaged social groups, in addition to the gap in skills and use of
digital tools [36]. According to Garrido [37], with regard to educational inequality in the
context of the pandemic, the latent inequalities prior to the health emergency have only
been aggravated by remote education. The author indicates that government responses in
terms of public policies are still insufficient to support both, students excluded from virtual
education and teachers.

Currently, higher education worldwide has been concerned with preparing students
with a perspective on achieving curricular objectives with a practical and employment-
focused experience, which is why the fulfillment of the graduate profiles determined by
university programs must evidence the skills necessary for industry needs and the require-
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ments for accreditation standards [38]. The new skills to be developed have undergone a
fast and unforeseen change, which could affect the graduation profiles of students and, in
turn, the need for new skills for employability. Given the uncertainty of the new reality,
skill expectations will be dynamic and increasingly complex and interdisciplinary [39].
Given this situation, it is crucial to investigate and analyze the development of digital
competences in university students. Hence, in accordance to the information collected,
the next steps are the processes of continuous improvement and the enhancement of such
skills and knowledge. On the other hand, it is important to note that Iberoamerica, and
specifically Spain, has similarities with the processes of digital literacy that Latin America
should have; however, it is possible to point out that a sustained and fluctuating progress
has been experienced and identified with greater evidence in Spain. This does not mean
that Chile, part of Latin America, is just beginning, but in comparison to Spain the latter
has a greater implementation of blended learning and distance education through MOOC
courses, etc.

A second important concept that has direct implications for this study, is the LCA,
since it is the technique used for the analysis of the sample data obtained for this research.
The LCA was proposed by Lazarsfeld who used the technique as a tool to construct a
typology in the analysis of a set of dichotomous variables. Years later, Lazarsfeld and Henry
continued using the model to segment the observed data [40]. In this regard, in quantitative
analysis, it is necessary to take into account the use of measurement instruments in order
to analyze causal variables that are not directly observable, thus incorporating latent
constructs, such as attitudes and perceptions, where people respond through a survey of a
set of questions, which are manifestations of an implicit latent variable. For this reason,
a latent variable is defined as one that is not included among the variables studied, but
nevertheless has an important effect on the relationship between these other variables [41].

The LCA corresponds to a statistical technique used for the analysis of categorical data
with high dimensionality; it allows identifying a set of mutually exclusive latent classes
from a set of observed variables [42]. They are useful to apply to data sets such as: public
opinion survey results, voting data, consumer profiles, reliability studies, etc. In general,
it is of interest to study the sources of confusion between the observed variables in order
to identify and characterize groups of similar cases and to approximate the distribution
of observations across variables. This type of analysis is obtained through the use of the
LCA technique. A latent class is an unobservable subgroup, which is constructed from
related cases among the observed or manifest variables, which are used to estimate the
model parameters; thus, it can be seen as a probabilistic classification method that seeks
to stratify in a cross-classification table of observed variables by an unobserved or latent
categorical variable, which eliminates any confusion among the manifest variables [43].

In other words, the model generated by the LCA is used for the analysis of multivari-
ate categorical data, which allows the establishment of relationships between observed
variables, assuming that there is an underlying structure explained by one or more latent
variables that generate this relationship. It is through this model that a number of latent
classes representing response patterns of a set of manifest variables can be defined, and the
probability that an observation belongs to a class can be calculated [44].

3. Methodology and Instruments

The methodology used in this study is mixed, that is, it performs descriptive and
quantitative analysis. The stages are mainly based on a data analysis process and include
the following:

• Data collection: This stage made it possible to obtain the sample to carry out this work,
which was provided by the EDUINNOVAGOGiA® research group (HUM-971).

• Data preparation: At this stage, an exploratory analysis of the data is carried out,
in which basic statistics are obtained. Then, we proceed to select the attributes or
variables necessary for the analysis of latent classes, as well as to transform some
variables to a required domain type. Additionally, cleaning and debugging tasks of
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spurious and/or missing data are addressed. Data Extraction, Transformation and
Loading tools are used in this stage, such as: Data Integration of Pentaho and the R
programming language.

• Tool Selection: At this stage, different tools used for latent class analysis were reviewed
and tested, such as Latent Gold, MCLUST, PROC LCA of SAS, and the poLCA package
of R. Finally, the latter tool was selected mainly because of its free availability and ease
of generating latent classes.

• Model generation and evaluation: Preliminary latent class models are obtained and
finally, through various graphs, application and analysis of ad hoc metrics (BIC, AIC,
and Log-likelihood), the models with the best performance and representativeness of
the sample are established.

• Results analysis: We proceed to analyze the results obtained, for which we resort to
the observation and comparison of metrics provided by the techniques. Subsequently,
the interpretation of latent classes and patterns obtained through the data sample is
described.

3.1. COBADI® Instrument

The data are collected through the questionnaire 2.0 University Student Basic Dig-
ital Competences (”Competencias Básicas Digitales 2.0 e estudiantes universitarios”—
COBADI®, registered trademark at the Spanish Patent and Trademark Office: 2970648). The
COBADI® questionnaire was constructed and tested by the research group EDUINNOVAGOGiA®

(HUM-971), which is recognized by the Andalusian Plan for Research, Development and
Innovation and the Office for the Transfer of Research Results of the Pablo de Olavide
University. The questionnaire is divided into five blocks, a general one that collects
personal data of the survey participants, as well as data on technology consumption.
Then, it has 4 blocks that measure digital competences from different dimensions. The
COBADI® instrument and the details of its 5 dimensions can be found at the following
address: (https://docs.google.com/spreadsheet/viewform?formkey=dHZhcFk5NUZEN1
FDVjItX21XaGpmRnc6MQ#gid=0, accessed on 1 March 2021).

As indicated above, the general block corresponds to data related to the “Consumption
and use of ICTs” in social communication and daily activities individually or in groups,
composed of 26 items, and is assessed heterogeneously through different scales ranging
from 1 to: 2 (yes/no), 3 (not at all/slightly/much), 4, 5, or 6 points, the latter presenting
descriptive answers. In this dimension, a number of 10 out of 19 questions with 3 values
prevail, and it differs from the others because it tries to establish a baseline to later analyze
the digital competences that imply a previous consumption of ICTs.

Block I corresponds to “Competences in knowledge and use of ICTs in social com-
munication and collaborative learning”, composed of 12 items, and is assessed through a
Likert scale of 1–4 points, where 1 refers to “I feel completely ineffective to perform what is
presented” up to 4, which represents “I feel completely effective”. Additionally, included
is the option NS/NC/NA (NS = Doesn’t Know, NC = No Answer, NA = Not Applicable).

Block II, “Competences in the use of ICT for information search and processing”,
refers to the self-perception of individual efficacy in the use of ICT tools. Composed of 12
items, also assessed with a Likert scale of 1–4 points, where 1 refers to “I feel completely
ineffective to perform what is presented” up to 4, which represents “I feel completely
effective”, and the inclusion of the options NS/NC/NA.

Block III, “Interpersonal competences in the use of ICTs in the university context”,
evaluates how problems or doubts related to ICTs are solved. Composed of 5 items, in this
block the rating scale is different from the previous dimensions, where the option most
used by the individual to solve a doubt is the first (1), then the second, and lastly the one
least used (4).

Finally, block IV corresponds to “Virtual and social communication tools of the Uni-
versity”, which is composed of 5 items. It is valued with a Likert scale of 1–4 points, where

https://docs.google.com/spreadsheet/viewform?formkey=dHZhcFk5NUZEN1FDVjItX21XaGpmRnc6MQ#gid=0
https://docs.google.com/spreadsheet/viewform?formkey=dHZhcFk5NUZEN1FDVjItX21XaGpmRnc6MQ#gid=0
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1 refers to “I feel completely ineffective to perform what is presented” up to 4, which
represents “I feel completely effective”, and the options NS/NC/NA are included.

3.2. Population and Sample

The sample used corresponds to a total of 4762 undergraduate and graduate students
surveyed from 5 universities in Spain Complutense University of Madrid (UCM), Pablo
de Olavide University (UPO), Almeria University (UAL), National University of Distance
Education (UNED), and Rey Juan Carlos University (URJC). Of this sample, 81.13% were
female and 18.87% were male. In the distribution by gender and its high percentage of
women, an aspect which is common in the area of Education and Social Sciences, this
does not prevent the development of research using gender as one of the variables of
analysis [38].

Regarding the distribution of the sample by age, Figure 1 shows that the minimum
age is 17 years and the maximum is 57 years. The first quartile is 19 years, the median is
21 years and the third quartile is 22 years. This means that the age range from 17 to 22 years
accumulates the largest number of students, about 75% (3591) of the observations. The age
range between 23 and 57 years accumulates 25% of the observations.
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Figure 1. Distribution of the sample by age (source: own elaboration).

In the distribution by courses shown in Figure 2, students are arranged from the first
semester and at most the eighth semester. It can be observed that the first quartile and
the median are in the first semester, and the third quartile is in the second semester. With
this, we have that about 75% (3760) of the observations are between the first and second
semester, or first year of university, while 25% (1200) are between the third and eighth
semester of university.

The students surveyed, as indicated above, belong to 5 Spanish universities; and the
distribution by university, as shown in Figure 3, is as follows: 2452 from UCM, 1249 from
UPO, 525 from UAL, 318 from UNED, and 218 from URJC.
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4. Analysis of Results

Continuing with the data analysis process, this time using the LCA technique de-
scribed above, it is possible to establish that one of the benefits of using this technique is the
variety of tools available to adjust the performance and determine the appropriate number
of latent classes. Normally, one starts by testing a model with one class and then iteratively
increases the number of classes until the appropriate model is reached. Considering a
larger number of classes can improve model fit, but there may be the risk of model fit
by considering spurious data or noise in the analysis. Parsimony criteria help to find the
balance between overfitting. The most commonly used criteria are Bayesian Information
Criterion (BIC) and Akaike Information Criterion (AIC). For this analysis, the model is
fitted up to 10 classes, and it can be observed that the percentage of fit improves up to class
number 10, but only in classes 4 and 5, a significant fit is achieved.

The graphs presented in Figure 4 show the behavior of each of the indicators calculated
and presented in Table 1. It can be observed that when using the Elbow method, in the
graph of both BIC and AIC, the curve of these indicators generates the inflection point,
also known as “elbow criteria”, in which the models with 4 and 5 classes stop varying
substantially and the values of these indicators tend to stabilize. Something similar occurs
with the Log-Likelihood plot in the same models with 4 and 5 classes, which should
be observed inversely due to the negative values of this indicator [45]. However, it is
important not only to consider the values provided by the indicators shown in Table 1, but
also to consider the ease of interpretation.
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Table 1. Class selection criteria.

Class N◦ BIC % of BIC
Adjustment AIC % of AIC

Adjustment
Log-

Likelihood
% of LL

Adjustment

1-clase 514,453 - 513,457 - −256,574 -
2-clase 489,961 4.8 487,963 5 −243,672 5
3-clase 481,061 1.8 478,060 2 −238,566 2.1
4-clase 476,640 0.9 472,636 1.1 −235,699 1.2
5-clase 473,504 0.7 468,498 0.9 −233,475 0.9
6-clase 471,106 0.5 465,097 0.7 −231,619 0.8
7-clase 469,378 0.4 462,366 0.6 −230,099 0.7
8-clase 468,570 0.2 460,556 0.4 −229,039 0.5
9-clase 467,851 0.2 458,834 0.4 −228,023 0.4

10-clase 467,136 0.2 457,116 0.4 −227,009 0.4
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After analyzing these indicators and for a better interpretation of the results, the model
with four classes were selected for this study, mainly because no major differences were
observed with the model with five classes. Figure 5 shows the percentage of observations
or participants per class, i.e., class 1: 1546 (32.1%), class 2: 1071 (22.4%), class 3: 1144
(24.3%), and class 4: 1001 (21.2%). This indicator shows that the classes determined are
homogeneous in coverage.

It can be seen that the percentage of participants per class is uniform in classes 2, 3,
and 4, while class 1 has about 10% more participation than the rest, a difference that is not
of great relevance for the analysis. Subsequently, the LCA is performed by crossing the
result of the observations with each of the blocks of the COBADI® instrument used and
described previously in Section 3.
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In relation to the initial or general block, which refers to technology consumption, it
can be seen from the graph in Figure 6, that the most notable feature is related to question
X8: Have you received training on Web 2.0 or social software? Where 57% of class 4
respond affirmatively, unlike classes 1, 2, and 3. In addition, it is important to note that in
all the classes obtained, most participants report having a computer (question X10) and
internet at home (question X12). In class 4, the participants connect to the Internet mainly
from home and also have the highest percentage of connection through their cell phone,
highlighting in the latter case the participants in class 2. In addition, those classified in
class 4 are those who report spending the most time on the Internet, approximately more
than 9 h a week, and those in class 3 are at the other extreme, i.e., they spend less time on
the Internet, between 1 and 3 h a week.
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In the classes identified, it can be seen in the graph in Figure 7, that in general the
participants of all classes have a similar behavior in relation to the amount of time they use
to perform different daily actions; however, class 4 stands out for using more internet time
to perform tasks related to their university chores, and which are related to questions X19,
X21, and X26.
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For Block I, which evaluates the competences in knowledge and use of ICT in social
communication and collaborative learning, the answers vary from a scale of 1 to 4, where 1
refers to feeling completely ineffective to perform what is presented, and 4 represents that
they have completely mastered it. In addition, participants can use the NS/NC option in
case they do not know what is being asked. In the results shown in the graph in Figure 8, it
can be clearly observed that at one extreme, the participants of class 4 have a great mastery
to perform what is presented to them, and at the other extreme, we find the participants
of classes 2 and 3. The participants of class 2 have a behavior of not knowing what is
being asked, and those of class 3 have a high percentage of feeling completely ineffective to
perform what is presented in a large part of the questions. In relation to class 1, a balance
between both extremes is observed.

Another interesting pattern can be observed in questions X37 and X38, where a high
degree of lack of knowledge and low level of efficiency to perform what is presented can be
observed. This is totally contrary to what can be seen in questions X27, X28, X29, and X30,
where the participants of all classes are completely efficient to perform what is presented.

In Block II, which seeks to measure competences in the use of ICT for information
search and processing, whose answers have the same scale as the previous dimension
(i.e., between 1 and 4), the same behavior obtained in dimension 2 can still be observed
from Figure 9, where the participants of class 4 declare to have a great mastery in most
of the topics presented. On the other side, the participants of classes 2 and 3 have a low
performance in the topics presented, in particular in relation to the use of QR codes to
disseminate information (question X50), where they declare to have practically no capacity
and knowledge in this regard. Only in question X40, the participants of all classes coincide
in declaring to be effective in the use of different browsers to navigate the Internet.
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For block III, which seeks to measure interpersonal competences in the use of ICTs
in the university context, and where the measurement scale has a different meaning,
participants should place the options they use the most, with 1 being the most used option
and 4 the least used option. In percentage terms, as can be seen in Figure 10, in general,
the participants of the four classes have a homogeneous and similar behavior in the four
questions measured in this block. It only stands out that for question X51: Consult the
teacher for some network communication channel, and for question X54: Wait and request
a face-to-face tutoring, approximately more than 75% of the participants of class 3, declare
that they use this support to a greater extent when they have doubts about the use of some
service or network application explained in the classroom.
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In Block IV, which measures the effectiveness in the use of virtual and social com-
munication tools of the University, the answers have a scale from 1 to 4, where 1 refers
to feeling completely ineffective to perform what is presented, and 4 is if the participant
believes he/she completely masters the tool presented. In addition, the option NS/NC
can be used in case they do not know what is being asked. It can be observed in Figure
11, that participants in class 4 declare to have a high mastery or effectiveness in the use of
tools and social communication of the university. While those in class 2, manifest a higher
degree of ignorance about what is being asked, and those belonging to class 3 are the ones
who respond feeling completely ineffective for the most part. In questions X56: I use the
university e-mail, and question X57: I use the university’s virtual platform, the participants
of the four classes declare in their majority (more than 85%) to use both tools effectively.
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Finally, according to what has been analyzed and described in each of the blocks
analyzed with the LCA technique, the latent classes can be identified and interpreted
according to the level of development of the observed digital competences, according to
the responses of the participants of the study, that is:

• Class 1: Intermediate competences for the use of technologies.
• Class 2: Low competences and lack of knowledge in the use of technologies.
• Class 3: Low competences in the use of technologies.
• Class 4: High competences in the use of technologies.

5. Conclusions and Future Work

The new perspectives and educational transformations given through new techno-
logical advances require greater emphasis for the improvement of teaching processes,
considering that digital competence is one of the key set of skills of this century [46–48].

Higher education institutions must rethink the ways to develop the new professional
roles required in society and the new relational forms of individuals to meet the emerging
occupational requirements in the knowledge society [49].

The new labor requirements and communicative demands that new technologies
establish in our daily life must be considered, which also facilitates the development of
future professionals [50–52].

There is work to be done to bridge the gaps between existing digital skills and the
skills needed under the demands of the new workspaces [53–57].

Consequently, although this work was focused on a sample of students from Spanish
universities, the study allows us to establish a baseline to be able to continue with a similar
analysis of digital competences with university students from America in the future, in
order to establish the existing gap in both groups.

It is important to emphasize that it is necessary to increase digital competences to
impact the indicators of a complex education, which advances to competitive scenarios and
where it is possible to sustain oneself only if the usefulness of technology is understood at
the service of a thinking, critical and creative being.

For students in classes 2 and 3, it is recommended as an educational intervention, that
they can follow ICT courses that allow them to improve their digital skills.

The LCA greatly facilitated the analysis of the COBADI® questionnaire. This type of
analysis made it possible to generate an acceptable number of models and to adjust them
until the appropriate model was found.

The BIC and AIC metrics proved to be good criteria for fitting the model and finding
the optimal number of latent classes that can describe the data set. One of the problems of
using these criteria is that sometimes they can show that there are too many numbers of
latent classes, making it difficult to interpret the data. Another important aspect to take into
account when selecting the correct model is to keep the model simple in order to facilitate
the interpretation of the results obtained from the analysis.

poLCA proved to be the most complete and easy-to-use computational package for
latent class estimation in R. This package can be found at http://CRAN.R-project.org/
package=poLCA, accessed on 1 March 2021.

After performing the LCA and interpreting the results obtained, it can be deduced
that the four latent classes gathered make a lot of sense and are coherent in relation to the
data describing them. On the one hand, the latent class with the highest competences in the
use of ICT in a university context was class 4, which had previously taken a Web 2.0 course.
On the other hand, it was obtained that the class with the highest number of participants
was class 1, which had intermediate competences in the use of ICT in a university context.

It is still necessary to continue adjusting the LCA performed in this work, a possibility
for this, is to add covariates, and to further investigate the potential that the LCA has for
the analysis of multivariate categorical data. Another important point is to re-run this
analysis without adding Block III, since the way these questions are answered are not
relevant for the LCA, because of their difficult interpretation.

http://CRAN.R-project.org/package=poLCA
http://CRAN.R-project.org/package=poLCA
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