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Abstract

Digital competence (DC) has become a key element for future teachers in the ef-
fort to guarantee a high-quality education system that responds to the needs of the
21st century. For this reason, numerous studies have tried to evaluate the DC of
university students in education degrees, although very few have focused on the
differences according to the academic year or the methodology used. This study
aims to determine the level of DC among 1st and 4th year Primary Education
undergraduates at two Spanish universities that employ different learning methods
(face-to-face and online). The sample comprised 396 undergraduates who complet-
ed an online instrument (with a 10-point response scale) called the Higher Educa-
tion Student Digital Competence Questionnaire (CDAES). The results reveal that
students’ level of DC upon graduation is basic-intermediate and that the dimensions
in which they are most proficient are ‘Digital Citizenship’ and ‘Innovation’. Despite
this, however, the tasks performed to justify this level are basic. The results also
indicate that students’ DC improves as they progress in their degree and that the
online method seems to be more effective in promoting this particular competency.
We can therefore conclude that tasks specially designed to improve DC are included
in teacher training degrees, particularly in the case of online courses, although we
are unable to determine which specific practices or methodologies foster better
outcomes. To clarify this, new empirical approaches that focus on these aspects are
required, along with specific improvement actions or initiatives adapted to the needs
of each individual group.
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1 Introduction

The 21st century will go down in history for being the era that saw the dawn of
the ‘Digital Society’. The fast, energetic spread of Information and Communica-
tion Technology (ICT) during this period has had a direct, progressive impact on
the way in which people all over our rapidly-changing, increasingly digitised and,
consequently, globalised world study, work, live together and interact (Basilotta et
al., 2022; Silva & Morales, 2022). In the field of education, the swift growth of
digital resources has called both the policies and infrastructure that underpin schools
into question (Colomo et al., 2023; Fernandez-Batanero et al., 2021). This in turn
has prompted a gradual transformation in several fundamental aspects of the teach-
ing-learning (T-L) process, including targets, the curriculum, paradigms, resources,
contents, techniques, assessment and, most particularly, the relationship between
teachers and their students (Cabero-Almenara et al., 2020; Gros & Silva, 2005). In
this scenario, students are no longer mere recipients of contents, but rather active,
independent subjects aware of their responsibility in terms of promoting less clas-
sical and more innovative T-L processes (Pertusa-Mirete, 2020), with the support of
educational technologies (Garcés-Prettel et al., 2014).

Consequently, the extant literature emphasises the importance of preparing stu-
dents (Romero-Tena et al., 2020), existing teachers or educational stakeholders
(Fernandez-Miravete & Prendes-Espinosa, 2022; Inamorato et al., 2023) and future
teachers (Aguilar et al., 2022; Colomo et al., 2023; Giroén-Escudero et al., 2019) to
respond to the new ‘demands of the script’ in life, at school and in the labour market
(Inamorato et al., 2023). In other words, previous studies underscore the need to train
all those involved in teaching to become more digitally competent in order to enable
them to transform and improve education (Basilotta et al., 2022). This approach has
become particularly popular since the European Commission (2007, 2018) began
arguing that ‘Digital Competence’ is a basic cross-cutting competence that citizens
in general and educational stakeholders in particular (Cabero-Almenara et al., 2021)
should develop in order to respond to the demands of an increasingly changeable and
interconnected society and education system (Romero-Garcia et al., 2020; Silva &
Morales, 2022).

1.1 Areas or dimensions of digital competence

Digital Competence (DC) encompasses knowledge, skills, attitudes and awareness
(Ferrari, 2012) that foster the ‘confident, critical and responsible use of, and engage-
ment with, digital technologies for learning, at work, and for participation in society’
(European Commission, 2018). In this sense, DC in the educational field encom-
passes a set of skills, abilities, strategies and aptitudes that foster the fruitful, efficient,
critical, responsible, safe, creative, autonomous, inclusive, ethical and effective inte-
gration of ICT and the digital media into teaching, learning, design, problem-solving,
research, assessment and interaction practices in the school environment (Rodriguez-
Garcia et al., 2019; Romero-Tena et al., 2021). In sum, DC is a multidimensional,
comprehensive competence that covers a range of different independent yet comple-
mentary areas (literacy, access to information, multimedia creation, collaboration,
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safety and ethics) (Gutiérrez-Castillo et al., 2017; Pozo-Sanchez et al., 2020) that
may be improved or developed (Fernandez-Miravete & Prendes-Espinosa, 2022) in
order to both design virtual learning environments and participate in them (Gros &
Silva, 2005).

Many different national and international standards and reference models have
arisen in this scenario (Mattar et al., 2022) with the aim of establishing the prior-
ity areas or dimensions of digital competence that should be fostered among stu-
dents and teachers (Basilotta et al., 2022; Jiménez-Hernandez et al., 2020). The most
important of these are outlined in Table 1.

These models and indicators have in turn prompted diverse studies aimed at devel-
oping instruments for assessing DC (Gabarda et al., 2020; Jiménez-Hernandez et al.,
2020), establishing six levels for measuring this construct: beginner (A1), explorer
(A2), integrator (B1), expert (B2), leader (C1) and pioneer (C2) (Romero-Tena et al.,
2020; Gutiérrez-Castillo et al., 2017). At the same time, a concerted effort has been
made to develop training programmes to improve the DC of both students and teach-
ers (Inamorato et al., 2023). However, although proficiency in the use of ICT is vital
to improving education and reducing the digital divide -one of the greatest challenges
in terms of ensuring, in accordance with that stated in the 2030 Agenda, ‘inclusive
and equitable quality education’ and promoting ‘lifelong learning opportunities for
all’ at all levels of the education system (Spanish Government, 2015, p. 28)- empiri-
cal research to date has focused mainly on DC in pre-university stages (Basilotta et
al., 2022). Given that the empirical-academic activities carried out in the university
environment constitute an ideal framework for acquiring DC (Romero-Tena et al.,
2021) and that future teachers (i.e., undergraduate trainee teachers) are, from a holis-
tic perspective, agents of change (Garcia-Correa et al., 2022) with a pivotal role (Gao
et al., 2024) in the transmission of DC (Moreno-Rodriguez et al., 2018), increasing
attention is currently being paid to determining and responding to their digital needs.

Table 1 National and international frameworks for digital competence

Framework and institution

UNESCO s ICT Competency Frame-
work for Teachers (2018)

Dimensions proposed

This standard establishes 18 competencies linking three
levels of educational use (acquire, deepen and create
knowledge) with six aspects of teaching practice: (1)
Understanding ICT in education, (2) Curriculum and as-
sessment, (3) Pedagogy, (4) Application of DC, (5) Organ-
isation and administration, and (6) Professional learning.

ISTE Standards published by the
International Society for Technology
and Education (ISTE, 2023)

The European Commission’s Euro-
pean Framework for the Digital Com-
petence of Educators (DigCompEdu)
(Redecker, 2017)

INTEF’s Common Framework of
Digital Competence for Teachers
(INTEF, 2017)

(1) ICT Functioning and Concepts, (2) Research and
Information Processing, (3) Critical Thinking, (4) Com-
munication and Collaboration, (5) Digital Citizenship, and
(6) Creativity and Innovation.

(1) Professional Engagement, (2) Digital Resources, (3)
Teaching and Learning, (4) Assessment and Feedback, (5)
Empowering Learners, and (6) Facilitating Learners’ DC.

(1) Information, (2) Communication and Collaboration,
(3) Content Creation, (4) Safety, and (5) Problem Solving.
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1.2 Digital competence among primary education undergraduate students

In the university field, most empirical studies have assessed DC using self-
reports (Pérez-Navio et al., 2021). Research carried out with Primary Education
undergraduates has found, in general, that these trainee teachers consider them-
selves to be competent for engaging in basic activities: searches, presentation
and organisation of content in different formats, security and online collaboration
with educational professionals (Gallego-Arrufat et al., 2019; Moreno-Fernandez
et al., 2021; Silva & Morales, 2022). However, studies also highlight the exis-
tence of difficulties and a low level of training in terms of using new technologies
or specific technical skills to create and manage contents, solve problems (Basi-
lotta et al., 2022; Cabero-Almenara et al., 2021) or foster innovative educational
practices (Moreno-Rodriguez et al., 2018; Rokenes & Krumsvik, 2014).

In this context, the extant literature also reports differences in digital skills in
accordance with aspects such as gender, academic year and learning format. In
the case of gender, the results are inconsistent. For example, Jiménez-Hernandez
etal. (2020) report a gender gap, with men, in general, scoring higher than women
in all areas of DC and being effective in the use and management of information
and digital security (Gallego-Arrufat et al., 2019). In contrast, Marimon-Marti
et al. (2023) found that women scored higher than men in all dimensions, par-
ticularly in ‘advanced information search’ and ‘online collaboration’ (Lopez-Bel-
monte et al., 2019; Pérez-Navio et al., 2021). Finally, Marin-Suelves et al. (2022)
found no gender differences at all. The situation in relation to academic year is
totally different, with all studies analysing this variable unanimously affirming
that undergraduates’ technological competence increases as they progress in their
degree (Marimon-Marti et al., 2023; Marin-Suelves et al., 2022; Romero-Tena et
al., 2021).

The effects of learning format (face-to-face or online) have been less widely
studied in this field. In a comparative study with a group of students who had
to migrate during the pandemic from a face-to-face format to an online one,
Romero-Tena et al. (2021) found that this abrupt change, with no previous prepa-
ration, had a considerable negative impact on participants’ competence level and
academic development, with no differences being detected between those who
had received specific training in digital material and those who had not. For their
part, Alvarez-Herrero (2020) argue that students and teachers who have been
trained in new technologies are better prepared and are more enthusiastic to cope
with the challenges of a changing field in which emerging methodologies and
technologies (gamification, blended learning, design thinking, etc.) often overlap
and are transforming life in the classroom (Gao et al., 2024). The research com-
munity has, in general, begun to advocate for the need to design training plans
that contemplate or incorporate activities designed to foster the practical, critical,
intelligent and responsible use of DC, right from the very beginning (Romero-
Tena et al., 2021; Silva & Morales, 2022; Wang et al., 2023). It is therefore
important to analyse the differences and similarities in DC among students learn-
ing in a face-to-face format and those learning online.
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1.3 General and specific aims

The general aim of the present study is to determine the level of DC among 1st
and 4th year Primary Education undergraduates at two Spanish universities that
employ different learning methods (face-to-face and online). The specific aims
are as follows:

A1. To analyse the level of DC among a sample of Spanish undergraduate students.

A2. To compare the level of DC in accordance with factors such as gender, academic
year and learning format.

2 Material and method

To achieve the aforementioned aims, the present study follows a quantitative, descrip-
tive, comparative and correlational design.

2.1 Participants

The questionnaire was completed by a representative sample of 396 students
(22.5% men and 77.5% women) aged between 18 and 41 years (M=20.81;
SD=2.33) from two public universities. The sample was recruited evenly across
the different academic years and universities (Year 1: n=117 -Ul- and n=116
-U2-; Year 4: n=79 -Ul- and n=84 -U2) (Table 2). In general, participants
claimed to spend over 5 h a week on their computers (83%), although in the case
of those on face-to-face courses, most (61.7%) claimed to spend between 5 and
20 h a week in front of a screen, whereas among those on online courses, most
(55%) claimed to spend over 20 h a week on their computers.

Table 2 Characteristics of the samples from the two universities

University 1 (Face-to-Face) University 2 (Online)

Year 1 Year 4 Year 1 Year 4
Data Population 150 100 170 130
Sample 117 79 116 84
Gender Male 24 16 23 26
Female 93 63 93 58
Age M(SD) 19.62(2.67) 22.27(1.24)  20.08(2.04) 22.13(1.41)
Study Language  Basque 117 55 - -
Catalan --- --- 116 52
English --- 24 --- 32
Studies Before No 79 61 97 73
Degree 3 5 1 1
Professional formation 35 13 18 10
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2.2 Instruments

The data collection instrument used in the present study was a self-report ques-
tionnaire comprising a battery of sociodemographic questions and a scale adapted
and validated with future Spanish teachers: the Higher Education Student Digi-
tal Competency Questionnaire (CDAES), developed by Gutiérrez-Castillo et al.
(2017) on the basis of the indicators proposed by the ISTE (2023) and the INTEF
(2017). The questionnaire comprises 44 items rated on a 10-point scale (1 =Com-
pletely incapable; 10=Completely capable) and measures students’ digital per-
formance in six dimensions encompassing a range of activities and situations
designed to test their ability to effectively use ICT: (1) Technological literacy
(effective use and application of ICT); (2) Information search and processing
(positive aptitudes for searching, analysing, managing, assessing and transmit-
ting information using ICT); (3) Critical thinking (digital capacity to define, plan,
develop, apply and assess projects); (4) Communication and collaboration (apti-
tudes for collaborating and interacting on digital platforms); (5) Digital citizen-
ship (ethical, safe and responsible use of ICT); and (6) Creativity and innovation
(use of ICT tools as an innovative resource for changing and improving existing
knowledge).

Consistently with that reported by Gutiérrez-Castillo et al. (2017), the psychomet-
ric properties for the whole instrument were adequate (a=0.96).

2.3 Procedure

The sample was recruited through lecturers teaching on the Primary Education
undergraduate degree at the two universities, who, after being informed of the
aims and procedure of the study, agreed to help disseminate the link to the Micro-
soft Forms questionnaire used to collect the data. The Microsoft Forms platform
was chosen because the Ethics Committee at the University of the Basque Coun-
try (CEISH) had identified it as the one that best guaranteed respondents’ ano-
nymity (M10_ 2023 178). Participation was voluntary and, before completing the
questionnaire, respondents signed an informed consent form.

Participants’ responses were first downloaded, debugged and processed using
Microsoft Excel, before being exported to the IBM SPSS statistical package Statis-
tics 28.

2.4 Data analysis

To guarantee that the instrument was suitable for use in academic research, its
reliability was analysed using Cronbach’s alpha (a). Next, to fulfil the study aims
and answer the research questions, descriptive analyses were carried out of the
dimensions and their indicators (means and standard deviations) and a correla-
tion analysis was performed (Pearson). After the Kolmogorov-Smirnov test had
determined that the data followed a normal distribution (p=.05), several com-
parative analyses were carried out (Student’s t for independent samples) and the
effect sizes were calculated using Cohen’s d, in accordance with the following
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criteria: d=<0.20 was considered to indicate no effect; d=0.21-0.49 a small
effect, d=0.50-0.70 a moderate effect and d=>0.80 a large effect (Cohen, 2013).

3 Results
3.1 General digital competence in each dimension and indicator

Participants obtained a general DC score of 6.91 points, indicating a low-inter-
mediate or ‘explorer’ level (Romero-Tena et al., 2020). The least developed areas
were ‘Information search and processing’, ‘Technological literacy’ and ‘Critical
thinking’. In contrast, the most developed arcas (at an ‘integrator’ level) were
‘Communication and collaboration’, ‘Digital citizenship’ and ‘Creativity and
innovation’ (Fig. 1).

Participants scored particularly highly in some basic aspects of the following sub-
dimensions or indicators: safe, legal and responsible use of information and ICT (for
example, respecting copyright) (Area-5.1: M=7.36; SD=1.64), understanding and
use of operating systems and browsers (Area-1.1: M=8.11; SD=1.88), participation
in and coordination of group activities (Area-4.4: M=7.81; SD=1.68) and creation
of original resources for expressing oneself (Area-6.2: M=7.68; SD=1.95). In con-
trast, they had difficulties performing more complex tasks, such as offering construc-
tive criticism and taking on a digital leadership role (Area-5.3: M=6.72; SD=1.88),
researching problems and configuring systems (e.g., antivirus software, hard drives,
etc.) to solve them (Area-1.3: M=5.33; SD=2.39) and configuring resources, pro-
grams and processes (e.g., software, hardware) to offer alternative solutions (Area-
3.4: M=5.13; SD=2.21).
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Fig. 1 Digital competence level in each dimension
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3.2 General digital competence in each dimension and indicator, by gender

In terms of gender, men generally scored better in all the different dimensions of DC,
although the differences were not significant (p=>0.05). Specifically, the greatest
differences (with men scoring higher) were found in ‘Critical thinking’, although the
effect size was small (d=0.37) (Fig. 2).

If we analyse the individual results for each indicator, we see that men were better
at configuring systems and resources to offer alternative solutions (Area-3.4: p=.001;
d=0.70) and at resolving problems using different ICT systems and applications
(Area-1.3: p=.001; d=0.47). They were also better at studying the possibilities and
limitations of ICT resources in order to make informed decisions (Area-3-3: p=.001;
d=0.34) and at organising, assessing, summing up and using information ethically
with the help of ICT (Area-2.2: p=.001; d=0.29), although again, the differences
were small. For their part, women scored slightly higher for understanding and using
multiple technological systems (devices, browsers, etc.) (Area-1.1), as well as for
planning customised digital activities in order to solve problems (Area-3.2), again
with fairly small differences.

3.3 General digital competence in each dimension and indicator, by academic
year

The results for DC by academic year revealed that students in year 4 of their Pri-
mary Education teacher training degree performed better in all areas, attaining an
intermediate or ‘integrator’ level, as opposed to the low-intermediate or ‘explorer’
level attained by 1st year students. Students in the last year of their degree scored
significantly higher in all dimensions and indicators (p=.001), particularly ‘Commu-
nication and collaboration’, with a medium effect size (p=.001; d=0.65). It is worth
noting, however, that both groups had the most difficulty in the ‘Critical thinking’
dimension (Table 3).
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Fig. 2 Comparison of digital competence levels by gender
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Table 3 Comparison of means and standard deviations in the different dimensions and indicators, by aca-
demic year

Variable Descriptive statistics Comparisons
Year | Year 4 Dif  tay P d
M(SD) M(SD)
1. Technological literacy 6.51(1.33) 7.33(1.29) -0.82 -6.08 * —0.63
1.1.-Using ICT systems. 7.91(1.36) 8.39(1.30) -0.48 -3.52 * —-0.36
1.2.-Selection and effective use of 6.55(1.36) 7.40(1.26) -0.85 -632 * —0.65
applications.
1.3.-Research and resolution of problems 4.90(2.35) 5.95(2.33) -1.05 -440 * —0.45
using ICT.
1.4.-Transfer of knowledge to learning with ~ 6.69(1.97) 7.56(1.62) —0.87 -4.86 * -0.48
ICT.
2. Information processing 6.69(1.28) 7.42(1.21) —-0.73 -5.68 * -0.59
2.1.-Planning of strategies. 7.49(1.68) 7.88(1.54) -0.39 -2.37 .009 -0.24
2.2.-Organisation, analysis, assessment and 5.73(2.02) 6.66(2.03) —093 —4.46 * -0.46
ethical use of information.
2.3.-Assessment and selection of digital 7.30(1.51) 7.89(1.33) —-0.59 -398 * —0.41
sources and tools.
2.4.-Data processing and communication of ~ 6.26(1.76) 7.27(1.66) -1.01 -5.76 * -0.59
results.
3. Critical thinking 6.06(1.48) 691(1.32) —-0.85 -5.87 * —-0.61
3.1.-Identification and definition of research ~ 5.88(7.85) 7.06(/.73) -1.18 —-6.42 * —0.66
problems.
3.2.-Planning of activities to carry out 7.23(1.87) 7.89(1.46) —0.66 -3.93 * -0.39
projects.
3.3.-Analysing data and making informed 6.28(1.88) 7.14(1.56) -0.86 -491 * -0.50
decisions.
3.4.-Using multiple processes to offer alterna- 4.84(2.16) 5.55(2.23) -0.71 -3.18 * -0.32
tive solutions.
4. Communication and collaboration 6.69(1.33) 7.51(1.19) -0.82 -629 * —-0.65
4.1.-Interaction and collaboration in multiple  5.90(1.50) 6.87(1.45) -0.97 -6.44 * —0.66
digital environments.
4.2.-Communication of information and ideas 7.17(1.66) 7.90(1.47) -0.73 —-4.64 * -0.47
in multiple formats.
4.3.-Development of a global awareness of 6.16(1.79) 7.06(1.72) -0.90 —-498 * -0.51
other cultures.
4.4.-Working in teams to produce original 7.53(1.76) 8.20(/.46) -0.67 —4.13 * -0.41
work or resolve problems.
5. Digital citizenship 6.90(1.63) 7.41(1.49) -051 -3.14 * —0.33

5.1.-Safe, legal and responsible use of infor- ~ 7.17(1.68) 7.64(1.56) -0.47 -2.81 0.003 -0.29
mation and ICT.

5.2.-Positive attitude to ICT. 7.01(1.93) 7.60(1.81) -0.59 -3.05 0.001 -0.32
5.3.-Leadership for digital citizenship. 6.54(1.93) 6.70(1.78) —-0.16 -2.39 0.009 -0.09
6. Innovation and creativity 6.85(1.68) 7.45(1.64) —-0.60 -3.53 * —0.36
6.1.-Generation of new ideas, products or 6.90(1.89) 7.55(1.55) -0.65 -3.77 * —-0.38
processes.

6.2.-Creation of original works to express 7.50(1.94) 7.92(1.94) -0.42 -2.14 0.016 -0.22
oneself.

6.3.-Identification of trends and possibilities.  6.15(2.03) 6.87(1.97) -0.72 -3.52 * —0.36

Note M and SD refer to the mean and standard deviation. Dif indicates differences and p and d refer to
significance and Cohen’s ‘d’. * indicates that all coefficients are significant at p<.001
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In terms of the indicators measured, as shown in Table 3, both groups scored high-
est for understanding and using different types of ICT (devices, operating systems,
etc.) (Area 1.1.) and lowest for configuring different resources (software, hardware,
etc.) to offer alternative solutions (Area 3.4.) and solving problems in diverse systems
and applications (Area 1.3). The results also revealed that inter-group differences
(with 4th year students scoring higher) were greater in those indicators referring to
the identification and definition of significant research problems and questions (Area
3.1: p=.001; d=0.66), interaction using different media (Twitter, YouTube, etc.) and
formats (video, audio, image, etc.) (Area 4.2: p=.001; d=0.47) and collaboration in
multidisciplinary teams to develop original projects using ICT (Area 4.4: p=.001;
d=0.41).

3.4 General digital competence in each dimension and indicator, by learning
format

In terms of DC level by learning format, students on the online course scored sig-
nificantly higher in all dimensions than their counterparts on the face-to-face course.
Indeed, the online group achieved an intermediate or ‘integrator’ level in all areas,
as opposed to the ‘explorer’ level attained by the face-to-face group. In general,
the dimension in which both groups scored highest was ‘Innovation and creativ-
ity’ (p=.001; d=1.01), and the dimension in which they scored lowest was ‘Critical
thinking’, although with significant differences (p=.001; d=1.18) (Table 4).

If we look carefully at the dimensions and indicators shown in Table 4, we see
that the indicator for which both groups scored highest was the use of multiple ICT
resources, with online students scoring significantly higher than their face-to-face
counterparts (Area 1.1: p=.001; d=0.75). Similar results were found also in rela-
tion to collaborating in the development of original group projects to solve prob-
lems (Area 4.4: p=.001; d=0.74) and creating original basic contents, with online
students scoring particularly highly for this indicator (Area 6.2: p=.001; d=0.70).
Nevertheless, the results also reveal a lower performance level (particularly among
face-to-face students) in identification of trends and possibilities (Area 6.3: p=.001;
d=1.01) and the use of multiple ICT tools and resources to optimise work and offer
alternative responses (Area 3:4. p=.001; d=0.94). Moreover, both groups had dif-
ficulties resolving problems using different technological systems (decompressing a
hard drive, configuring an email account, etc.) (Area 1.3: p=.001; d=1.85).

4 Discussion
The present study aimed to determine the DC level of a sample of Spanish undergrad-

uate trainee teachers on a Primary Education degree and to analyse the relationship
between DC and factors such as gender, academic year and learning format.
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Table4 Comparison of means and standard deviations in the different dimensions and indicators, by learn-
ing format

Variable Descriptive statistics Comparisons
Face-to- ~ Online Dif  tasy p d
face M(SD)
M(SD)
1. Technological literacy 6.12(1.22) 7.56(1.12) -1.44 -1220 * -1.23
1.1.-Using ICT systems. 7.63(1.35) 8.58(1.19) -095 -7.44 * -0.75

1.2.-Selection and effective use of applications. ~ 6.24(1.27) 7.55(1.17) -1.31 -10.65 * -1.07

1.3.-Research and resolution of problems using ~ 4.39(2.20) 6.26(2.21) -1.87 -840 * -0.85
ICT.

1.4.-Transfer of knowledge to learning with ICT.  6.23(1.95) 7.85(1.41) -1.62 -9.43 * -0095
2. Information processing 6.34(1.21) 7.64(1.05) -130 -11.45 * -1.15
2.1.-Planning of strategies. 6.97(1.68) 831(1.29) -134 -8.84 * -0.89

2.2.-Organisation, analysis, assessment and ethi- 5.40(2.04) 6.81(1.86) -1.41 -7.17 * -0.72
cal use of information.

2.3.-Assessment and selection of digital sources  6.95(1.48) 8.12(1.20) -1.17 -8.65 * -0.87
and tools.

2.4.-Data processing and communication of 6.02(1.74) 7.32(1.58) -130 -7.79 * -0.78
results.

3. Critical thinking 5.65(1.39) 7.15(1.15) -1.50 -11.74 * -1.18
3.1.-Identification and definition of research 5.66(1.89) 7.05(1.62) -1.39 -7.80 * -0.79
problems.

3.2.-Planning of activities to carry out projects. 6.91(1.90) 8.09(1.34) -1.18 -7.11 * -0.72
3.3.-Analysing data and making informed 5.84(1.77) 7.41(1.46) -1.57 -9.59 * -0.97
decisions.

3.4.-Using multiple processes to offer alternative 4.18(2.11) 6.07(1.90) -1.89 -938 * -0.94
solutions.

4. Communication and collaboration 6.33(1.28) 7.71(1.00) -1.38 -11.91 * -1.20
4.1.-Interaction and collaboration in multiple 5.56(1.41) 7.03(1.33) -1.47 -10.63 * -1.07
digital environments.

4.2.-Communication of information and ideas in  6.77(1.65) 8.15(1.27) -1.38 -9.30 * -0.94
multiple formats.

4.3.-Development of a global awareness of other  5.78(1.79) 7.27(1.52) -1.49 -893 * -0.90
cultures.

4.4.-Working in teams to produce original work ~ 7.22(1.76) 8.39(1.37) -1.17 -7.35 * -0.74
or resolve problems.

5. Digital citizenship 6.40(1.54) 7.81(1.31) -141 -9.77 * -0.99
5.1.-Safe, legal and responsible use of informa- ~ 6.73(1.62) 7.98(1.42) -1.25 -8.09 * -0.82
tion and ICT.

5.2.-Positive attitude to ICT. 6.53(1.99) 7.96(1.50) -1.43 -8.01 * -0.81
5.3.-Leadership for digital citizenship. 5.94(1.78) 7.49(1.65) -1.55 -8.98 * -0.90
6. Innovation and creativity 6.33(1.68) 7.85(1.32) -1.52 -10.07 * -1.01
6.1.-Generation of new ideas, products or 6.44(1.83) 7.88(1.42) -1.44 -8.78 * -0.88
processes.

6.2.-Creation of original works to express 7.03(2.10) 8.32(1.54) -1.29 -695 * -0.70
oneself.

6.3.-Identification of trends and possibilities. 5.52(1.98) 7.36(1.65) -1.84 -10.08 * -1.01

Note * indicates that all coefficients are significant at p<.001
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4.1 Digital competence in each dimension and indicator

In relation to the first aim, the results reveal that, in general, participants had a low-
intermediate (‘explorer’ or ‘integrator’ A2-B1) level in the different dimensions
assessed using the CDAES questionnaire. In other words, the results point to a lack
of training among undergraduate teacher training students. These findings are similar
to those reported by Romero-Tena et al. (2020), who, using the same instrument,
found that students on Pre-school and Primary Education teacher training degrees
had (initially and with no specific training) a basic level of technological compe-
tence. Our results are also consistent with those reported by Basilotta et al. (2022)
and de Cabero-Almenara et al. (2021), who confirmed the existence of a notable gap
between the training received and the expectations and demands of a digital society
(Marin-Suelves et al., 2022). However, they contrast with the conclusions published
by Pinto-Santos et al. (2020) and Marimoén-Marti et al. (2023), who found that stu-
dents had a high perception of their own DC.

Consistently with that observed by Silva and Morales (2022), respondents scored
highest in the ‘Communication and collaboration’ and ‘Digital citizenship’ dimen-
sions. This is also similar to that observed by Marin-Suelves et al. (2022) who, in a
sample of 230 undergraduate and postgraduate Education students, found that partici-
pants scored highest for working in interconnected teams, communicating adequately
in a variety of different formats, and having a high awareness of the importance of
digital security. Our results also coincide with the conclusions drawn by Pinto-Santos
et al. (2020) and Colomo et al. (2023), who highlighted the fact that future primary
school teachers performed well in aspects linked to the safe, legal and responsible use
of information, since they accepted as a basic principle in their teaching practice both
the ethical and legal use of online contents and a commitment to lifelong learning
in order to perfect their knowledge and keep abreast of new developments. Despite
this, however, the extant literature points out that even though trainee teachers have
a good knowledge of and are aware of these aspects (Gallego-Arrufat et al., 2019),
they lack the specific skills necessary to apply them online or foster their use among
learners (Romero-Tena et al., 2020). This may explain the lower scores obtained in
the more complex activities in this study. Particularly striking are the scores obtained
for ‘Creativity and innovation’, since the design and creation of teaching-learning
content or spaces (Marimon-Marti et al. 2023), the use of emerging technologies and
simulators (Colomo et al., 2023) and the establishment of innovative practices are
usually tasks in which students have been found in previous studies to have serious
gaps in their knowledge (Moreno-Rodriguez et al., 2018; Romero-Tena et al., 2020).

In contrast, the least developed areas were ‘Information search and processing’,
‘Technological literacy’ and, above all, ‘Critical thinking’. Although these findings
are similar to those reported by Silva and Morales (2022), they differ from those
found in a large number of other studies that observed that both information search
and (especially) technological literacy (Colomo et al., 2023) are areas in which par-
ticipants tend to score highest (Moreno-Fernandez et al., 2021; Pérez-Navio et al.,
2021). One possible explanation for this may be found in those studies that assert
that although future teachers have a good level in simple or instrumental skills as
applied to everyday life, they lack the ability to make use of more technical or spe-
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cialist knowledge (Basilotta et al., 2022). The scores obtained in ‘Critical thinking’
however, highlight the difficulty experienced by trainee teachers when asked to iden-
tify problems or come up with alternative solutions to them using a variety of ICT
resources (Giron-Escudero et al., 2019; Romero-Tena et al., 2020).

4.2 Digital competence in each dimension and indicator, by gender, academic
year and learning format

In relation to the second aim, although the training received could be improved for
both genders, academic years and learning formats, significant differences were
found in relation to these variables that are worth highlighting.

In terms of gender, men scored higher in all dimensions, although the size of
the male group was notably smaller than that of the female one and the differences
observed were not significant, except in the case of ‘Critical thinking’ (d=0.37).
These results are similar to those reported by Jiménez-Hernandez et al. (2020) and
Pinto-Santos et al. (2020), who, unlike Marin-Suelves et al. (2022) and Marimon-
Marti et al. (2022), confirmed the existence of a gender gap, observing that men were
usually more effective in activities linked to information management, digital secu-
rity, online collaboration and content creation (Gallego-Arrufat et al., 2019; Pérez-
Navio et al., 2021).

In relation to academic year, 4th year students scored higher than their 1st year
counterparts. Consistently with that reported by Gabarda et al. (2020), who com-
pared 104 students from different years, our results confirm that the ‘Technological
literacy’ (d= —0.61) and ‘Communication and collaboration’ dimensions (d=-0.65)
were the ones in which students progressed most, thereby suggesting that they are
the fields focused on most during the undergraduate degree course. The fostering of
practices that require the use of ICT in the everyday life of the classroom is directly
linked to the increase observed in students’ DC from one academic year to the next
(Romero-Garcia et al., 2020). Indeed, empirical research holds that common prac-
tices in teacher training degrees, such as online group projects, advanced searches
for resources while respecting intellectual property, and even syllabus design may
explain the gradual improvement of these skills (Marin-Suelves et al., 2022; Romero-
Tena et al., 2020).

In relation to learning format, the results indicate that the face-to-face group
scored significantly lower in all areas than their online counterparts, thereby confirm-
ing the association between DC and online teaching. Although this link has received
scarce empirical attention to date, training that includes new technologies seems to
be more effective in preparing future teachers for the digital world (Alvarez-Herrero,
2020). It is important to point out here that although one may be tempted to think
that these results are linked to aspects such as the use of electronic devices during the
T-L process itself, the use of an LMS (Learning Management System) to disseminate
resources or the change from physical to digital content format, previous studies have
found that it is in fact due to the establishment of different practices, methodologies
and challenges that test and foster students’ DC, while at the same time fostering their
contact with specific knowledge and skills linked to its different areas (Gutiérrez-
Porlan & Serrano-Sanchez, 2016; Romero-Tena et al., 2020).
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5 Conclusions

The results found in this study allow us to draw several conclusions. It is vital to
include specific training in ICT in the initial training of future teachers, regardless
of the learning format chosen, in order to promote and guarantee the development
of their DC beyond everyday use. As the European Commission points out (2018),
innovative training actions and activities are required right from the initial teacher
training, in order to ensure academic-personal training that is in keeping with the
demands of today’s digital society. Having a basic-intermediate level of DC is no
longer enough. It is therefore essential to provide, particularly in face-to-face degree
courses, progressive and adapted training designed to guarantee that, upon gradua-
tion, students will have an ‘expert’ level. To this end, although some studies advocate
prioritising the communication and collaboration (Silva & Morales, 2022) or the cre-
ation of digital content (Jiménez-Hernandez et al., 2020), the results presented here
prompt the conclusion that it is important to work on all dimensions simultaneously.
For example, we recommend to include different activities, with an ever-increasing
level of complexity, to enable trainee teachers to practically, effectively and intelli-
gently develop their DC in each different subject. This would enable aspiring teachers
to feel fully empowered and able to use ICT to guide their students in the T-L process,
engaging in all the design, creation, collaboration, resolution and assessment activi-
ties required by their future profession.

In turn, for the effective integration of ICT in schools, i.e., to guarantee the support
and improvement of educational practice, it is crucial to focus on its pedagogic func-
tion (Basilotta et al., 2022). This involves boosting the knowledge and critical think-
ing of future teachers to enable them to identify and understand the digital resources
that best adapt to the content and methodologies used in the classroom; showing
them, for example, different models, such as TPACK (Technological Pedagogical
Content Knowledge), which enable them to explore their full potential (Garcés-
Prettel et al., 2014). In addition, Gabarda et al. (2020) highlight the importance of
incorporating ICT and DC into the teacher training curriculum, in order to enable
changes to be made to both syllabuses and subjects, since the current content taught
has remained more or less unchanged over recent decades (Silva & Morales, 2022).
Nevertheless, no information has yet been gathered regarding these factors, a gap that
future studies should seek to fill in order to enable a more comprehensive description
of the situation.

The present study has certain limitations that should be taken into consideration
when attempting to replicate or generalise the results reported here. The first is linked
to the fact that DC was measured using a self-report instrument, although an effort
was made to mitigate its inherent lack of objectivity by taking into consideration
the scores for the individual indicators in each dimension. The second limitation is
related to the fact that the study was carried out in only two Spanish universities,
meaning that, although the sample was large enough to be representative of those two
institutions, it was not large enough to be representative of Spain as a whole.

This said, the results ratify the need to continue working on this issue. Futures
studies should strive to recruit larger and more heterogeneous samples, and may also
wish to use quantitative and, above all, qualitative techniques to analyse those factors
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that determine the DC of future teachers, with the aim of understanding the difficul-
ties they perceive during their professional practice. In this sense, it is important to
try to broaden our current knowledge of those educational methodologies and prac-
tices that are used and promoted in online courses and have a positive impact on DC.
This will enable us to define innovative educational strategies that are adapted to the
demands of today’s digital society and can be used in face-to-face teaching. It may
also be a good idea to conduct comparative studies focused on variables such as uni-
versity access pathways, knowledge area, type of university (public or private), and
country or context, since the international literature has begun to warn of the key role
such variables may play in DC.
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