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Abstract—Digital competence is one of the most demanded skills, and in-
cludes, among other aspects, the use of technological, informational, multime-
dia or communication skills and knowledge. In recent years, different institu-
tions have included computational thinking among the different areas that make
up this digital competence. However, there are few publications that deepen the
relationship between computational thinking and digital competence. The pre-
sent study analyzes the level of digital competence and computational thinking
of 248 Spanish university students, exploring the relationships between both
abilities and the existing differences. According to the results, the majority of
the students perceive themselves with a medium to a high level of digital com-
petence, highlighting the multimedia and communicative dimensions, as op-
posed to the more technological aspects. On the other hand, there is a correla-
tion between computational thinking and digital competence, especially with
the communicative and technological areas. Likewise, the results indicate that
women obtain lower results in their computational thinking and are perceived to
be digitally less competent than men, especially in regard to the technological
dimension. These results provide relevant information in terms of research and
open the door to the development of training actions in student teachers to over-
come the still-existing gender gaps.

Keywords—Digital competence, computational thinking, teacher training,
evaluation

1 Introduction

The enormous proliferation of Information and Communication Technologies
(ICT) has meant that individuals have to face situations that require the use of new
technical, cognitive and social skills every day. Skills that have led to the so-called
‘digital competence’ [1]. During the last decades, many authors have tried to define
this digital competence (DC), putting the emphasis on the different aspects -
technological, informational, media, etc.- that make it up [2], [3]. The European
Commission, which has recently redefined this competence as the safe, critical and
responsible use of digital technologies in learning, work or participation in society [4],
has included computational thinking among the different areas that make it up, for the
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first time. In recent years, computational thinking (CT) has become one of the emerg-
ing educational trends internationally [5].

But how are future teachers prepared for this necessary digital competence and
computational thinking? On one hand, different research points out that although
these university students use technology in a generalized way, its use is mainly fo-
cused on communicative and social [6], [7], and informational activities [8], having
an adequate and complete level of digital competence [9], [10]. On the other hand,
research on the computational thinking of student teachers is still limited [11], and
there are few publications that explore the relationship between computational think-
ing and digital competence in depth [12].

Despite the fact that the development of these skills has been introduced in the
training of student teachers [13], there is still a gender gap even today [14]. In fact,
gender differences in terms of computational thinking and digital competence have
been highlighted by multiple authors, with disparate and sometimes contradictory
results [15], [16], [17].

The present study presents an analysis of the digital competence of university stu-
dents of education, as well as the level of their computational thinking, exploring the
relationships between both abilities and the existing differences.

1.1  The digital competence

[18] Was one of the first authors to address the concept of digital literacy, linking it
with the set of skills related to access, evaluation, and management of information,
multimedia and through a network. It is about literacy linked to the use of tools for
accessing and managing information and digital resources, building new knowledge
and communicating [19]. A literacy that goes beyond simple technical skills for the
use of devices, and that involves a set of technical-procedural, cognitive and socio-
emotional skills, necessary to live, learn and work in a digital society [20], [21].

However, despite the fact that the concept of digital literacy seems to be the most
widely used at the international level, the term digital competence is often used syn-
onymously, especially in the European context [22]. According to [23], digital compe-
tence requires the involvement of four dimensions or literacies:

o Information literacy (IL), the recognition of the need for information, its location,
evaluation, organization and transformation

e Technological literacy (TL), hardware and software management and data pro-
cessing in different formats

e Multimedia literacy (ML), analysis, understanding, and the creation of multimedia
messages

e Communicative literacy (CL), the dissemination of information and participation in
a safe, ethical and civic way as a digital citizen.

Similarly, the Joint Research Center (JRC) defines digital competence in the fol-
lowing five areas [24]:
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o Literacy related to information and data, that is, searching, evaluating and manag-
ing information and digital content

e Communication and collaboration through digital technologies, sharing content,
participating in online citizenship following the rules of participation in the net-
work called Netiquette and managing the digital identity

e Creation of digital content, re-elaborating and integrating it and programming,
keeping in mind the licenses and the author's rights

e Security in reference to the protection of devices, personal data, health and the
environment

o Solution of technical problems, identification of needs and technological answers,
creative use of technology and identification of technical problems

1.2 The computational thinking

According to [25], computational thinking involves solving problems, designing
systems and understanding human behavior, based on the fundamental concepts of
computer science, and includes a wide variety of mental tools that reflect the breadth
of the field of computing. The International Society for Technology in Education
(ISTE) and the Computer Science Teachers Association (CSTA) attempted to ‘opera-
tionalize’ the definition as a problem-solving process that includes (but is not limited
to) the following characteristics:

o Formulate problems in a way that allows us to use a computer and other tools to

help solve them

Organize and analyze data logically

Represent data through abstractions such as models and simulations

Automate solutions through Algorithmic thinking (a series of ordered steps)

Identify, analyze and implement possible solutions in order to achieve the most

effective and effective combination of steps and resources

o Generalize and transfer this problem solving process to a wide variety of problems
[26]

Several authors have elaborated lists of elements or essential components of com-
putational thinking [27], or processes of the solution of problems [28]. [29] have pro-
posed the following list: abstraction, generalization, decomposition, algorithms (se-
quencing and control flow) and debugging. In addition, they structured them into
three age levels for Primary (6-8, 9-10 and 11-12 years). [5] also included automation.
Other authors and institutions have proposed variations and nuances in the definition
and description of its fundamental elements [30], [31].

In recent years, there has been an increase in the number of experiences in the in-
troduction of computational thinking in basic and secondary education [32], as well as
in higher education [13]. On the other hand, some evaluation test of computational
thinking in education has also appeared [33], whose items include different concepts
(e.g. basic sequences, loops, conditional, or simple functions), response alternatives
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(arrows and blocks), and cognitive tasks required (sequences, terminations and de-
bugging).

1.3 Research questions
This article aims to answer the following research questions:

o Does digital competence correlate with computational thinking?
o Are there significant gender differences in digital competence or computational
thinking?

2 Method

2.1  Participants

The present study was conducted during the 2017-18 and 2018-19 courses. Partici-
pants of this study were 248 Spanish university students of Teacher Training Program
(78% females and 22% males), 196 were between 20 and 22 years, and 52 were 23 or
more, with a total average age of 21 years (SD = 2.83).

2.2 Instruments

INCOTIC: The Inventory of Competencies in Information and Communication
Technologies is a questionnaire of self-perception of the digital competence of uni-
versity students. In addition to a series of items on biodata and on the availability of
ICT resources, and digital competence section (20 items distributed from the 4 litera-
cies - informational, technological, multimedia and communicative, with a 5-points
Likert-type format. The design and validation process of this tool can be found in
[34].

TPC: The Computational Thinking Test is composed of 32 questions independent
of previous knowledge of a programming language. Each item addresses one or more
of the 7 following computational concepts: Basic directions, ‘repeat’, ‘repeat until’,
‘if°, ‘if/else’, ‘while’, and simple functions. According to the authors, these concepts
are aligned with CSTA standards for science education [35].The scale was recalculat-
ed to a range of 1-5, and in order to explain the results, we used the following labels:
1-1.79 = poor; 1.8-2.59 = fair; 2.6-3.39 = average; 3.4-4.19 = good; 4.2-5 = excellent.

2.3 Procedure and analysis design

Participants were recruited through an advert in their teacher education classes and
participation was voluntary. The student’s answers to both questionnaires were stored
in Google Drive databases, downloaded as an Excel .xls files, and subsequently ana-
lyzed with the SPSS software (version 21). For the analysis, we calculated descriptive
statistics, Pearson’s R correlation, and the non-parametric Mann-Whitney U test.
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3 Results

This section presents the main results obtained after the application of different in-
struments and analysis techniques.

Next, the descriptive results of the digital competence and its different literacies are
presented, as well as computational thinking. As we can see in Figure 1, the highest
scores corresponded to multimedia (3.64) and communicative (3.56) literacies, while
the lowest were technological literacy (3.23) and computational thinking (3.2).

IL

TL

3.23

3.44

3.04

5

Fig. 1. Mean scores of digital competence and its dimensions and computational thinking

In Table 1, we can analyze this in more detail, based on the standard deviation
(SD) and the distribution of the scores. Technological literacy and computational
thinking are the two with a higher SD, as well as a higher percentage of average re-
sponses with Poor and Fair values.

Table 1. Descriptive results of digital competence and computational thinking

M (SD) _ Percent (%)
Poor Fair Average Good Excellent
Digital competence 3.47 (.60) 1 7 36 46 10
Informational lit. 3.44 (.72) 1 7 34 39 19
Technological lit. 3.23 (.86) 2 22 28 33 15
Multimedia lit. 3.64 (.62) 1 4 23 50 22
Communicative lit. 3.56 (.74) 1 7 27 38 27
Computational thinking 3.20 (.77) 5 15 40 29 12

If we analyze the general value of digital competence, we can see that most stu-
dents (56%) perceive themselves as Good or Excellent in digital competence, 36% as
Average and only 8% as Poor or Fair. However, if we revise the computational think-
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ing, 41% of the students have a Good or Excellent level, a 40% Average and a 20%

Poor or Fair.

Table 2 shows the results of the Pearson correlation between digital competence
and its different literacies, and computational thinking.

Table 2. Pearson correlation between digital competence and computational thinking

DC

IL

TL

ML

CL

Computational thinking

0.198**

0.088

0.235**

0.093

0.199**

As can be seen, there is a statistically significant positive correlation (p <0.01), and
low intensity, between computational thinking and digital competence, technological
literacy and communicative literacy (Figure 2, 3 and 4). On the contrary, there is no
statistically significant correlation between computational thinking and information
literacy or multimedia literacy.
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Fig. 2. Scatter plot between digital competence and computational thinking
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Fig. 3. Scatter plot between technological literacy and computational thinking
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Fig. 4. Scatter plot between communicative literacy and computational thinking
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In Table 3, we can observe the average scores obtained in computational thinking
and digital competence, as well as in their respective literacies.

Table 3. Statistics with regards to gender

DC 1L TL ML CL CT
Males 3.60 3.42 3.48 3.78 3.70 3.65
Females 3.43 3.45 3.16 3.60 3.52 3.07

At first glance, men obtain a score higher than that of women in all elements, ex-
cept for information literacy, in which the average score of women is slightly higher
than that of men. After analyzing the differences, from the non-parametric Mann-
Whitney U test, we can observe that the differences between men and women are
statistically significant in technological literacy and computational thinking (Table 4).
In the first case, the effect size is small (<20), while in the second case it is medium
(<50).

Table 4. Mann- Whitney U test with regards to gender

Mann-  |Wilcoxon W z Asymp. Sig.| r (effect

Whitney U (2 tailed) size)
Digital competence 4418 23333 -1.759 0.079 0.11
Informational lit. 5030 6515 -0.447 0.655 0.03
Technological lit. 4165.5 23080.5 -2.304 0.021 0.15
Multimedia lit. 4364.5 23279.5 -1.881 0.060 0.12
Communicative lit. 4373 23288 -1.860 0.063 0.12
Computational thinking 2867.5 21782.5 -5.095 0.000 0.32

4 Discussion

Starting from the importance of digital competence and computational thinking as
key skills for citizenship and the lack of studies that deepen their analysis, this study
focuses on such exploration in university students of education.

As we see in the descriptive results, most of the students perceive themselves with
a medium-high digital competence, emphasizing especially the multimedia and com-
municative dimensions, with the more technical aspects being inferior. These results
are in line with those of [6] and [36], who highlight that, for future teachers, social
and media are perceived as easy skills, while they find the strong difficulties in the
management of hardware and software, and in the automation of technological solu-
tions [37]. On the other hand, [7] also state that the technological knowledge of stu-
dent teachers is, in many cases, even inferior to their pedagogical knowledge and
content. On the other hand, and although with slightly lower values, university stu-
dents of education obtained a medium-high score in their computational thinking.
According to [38], there is a significant lack of knowledge among student teachers
about what is computational thinking, and there is still an important improvement
path [39].
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Regarding the research questions, the first question posed the possible correlation
between digital competence and computational thinking. According to the results
obtained, there is a correlation between computational thinking and digital compe-
tence. If we explore the dimensions that make up this competence, we also see that
there is a correlation between computational thinking and, on the one hand, communi-
cative literacy, and on the other, and with greater intensity, technological literacy.
According to data gathered, we could understand that students with a greater percep-
tion of their digital competence, especially in regards to the technological use of
hardware and software, obtain a higher score in their computational thinking, and on
the contrary, a student with a lower score in computational thinking tends to have a
worse perception of his or her own digital and technological competence.

Regarding the second research question, significant differences were obtained re-
garding gender. Thus, women tend to perceive themselves as digitally less competent
than men, being a significant difference in regard to the technological dimension. On
the other hand, women obtain a significantly lower score than men with respect to
their computational thinking. These data are in tune with similar researches, especial-
ly related to technical skills [15], [40], but contrast with those presented by [14], who
did not find gender differences in skills related to programming and computer learn-

ing.

5 Conclusion

This study has allowed us to delve into the analysis of a key competence, such as
digital in university students of education. A generation of student teachers who, in
addition to acquiring a necessary basic literacy to access information, manage and
evaluate it critically, or to create and share multimedia digital content, should be able
to teach such skills to their future students.

From a few years to now, one of those necessary skills that integrate digital compe-
tence is computational thinking. Teachers and student teachers must also have an
adequate capacity to formulate problems, logically analyze information, abstract and
automate solutions, and implement them and transfer them to other realities. In addi-
tion, they should be able to develop these skills in their future students, creating teach-
ing activities and using useful resources, such as educational robotics [41].

One of the challenges that we face is to overcome the gender gap that still exists
today related to technology, and to the STEM areas. Therefore, it is essential that
teachers have good competence in these areas, and that they are capable of developing
and awakening scientific vocations among the smallest, something that as we have
seen, is related to their own self-perception.

Without a doubt, we are aware that the present investigation contains a series of
limitations. On one hand, the research has a good sample of university students of
education of a Spanish university, so it would be interesting to expand to other uni-
versities and contexts, which allows for additional verification of the validity and
transfer of the results. On the other hand, and although computational thinking has
been evaluated based on a performance test, digital competence is analyzed based on
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the self-perception of the participants, which could be revised for future research. In
addition, a future line of study could involve the development of some intervention
with students that allows adequate compensation for gender differences.

Undoubtedly, digital competence and the different elements that make it up are
fundamental aspects of training in the 21st century. The growing trend of emerging
technologies, such as robotics, the Internet of Things, or artificial intelligence, among
many other aspects, pose new challenges that as training entities we cannot ignore.
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