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Abstract
The present study analyses the effect of an educational program on the digital competence (DC) level of 126 sixth-grade 
students from three schools in a mid-sized urban area of Spain, based on the DigComp framework, which defines five areas: 
information and data literacy, communication and collaboration, digital content creation, safety, and problem solving. A 
validated questionnaire was applied to analyse the students’ DC level before and after the educational program. Findings 
reveal improvements in all DC areas, except area 5. The gender variable was analysed, revealing that female students out-
performed male students after the program developed. Results suggest that more educational initiatives and further research 
are necessary to train students in digital literacy and to study the factors contributing to gender differences. In this context, 
this work provides practitioners with a set of open-access resources, experimentally validated for their effectiveness in 
enhancing students’ DC.
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Introduction

The importance of technology in education is an essential 
topic which is transforming society and has the potential to 
significantly enhance the learning process of students (Bon-
field et al., 2020). During the pandemic, technology was 
crucial in maintaining educational continuity, and this expe-
rience has underscored the need to permanently integrate 
technology into the teaching–learning process to ensure all 
students have access to quality education (Haleem et al., 

2022). That is, society demands the population be trained in 
different skills, highlighting digital skills as the most essen-
tial ones (Feijao et al., 2021; van Laar et al., 2017).

The Digital Education Action Plan (2021–2027) is a 
European Union initiative to foster high-quality, acces-
sible digital education across Europe, including two main 
strategic priorities: developing a highly effective digital 
education ecosystem and enhancing students’ digital skills 
to facilitate digital transformation (European Commision, 
2020). The current Spanish educational law (BOE, núm. 
340, de 29 de diciembre, 2020) states that the digital world 
is a ‘new habitat’ in which students learn and interact (p.6). 
Therefore, it aims to foster the development of students’ DC 
through a transversal perspective, raising awareness of the 
digital gender divide. By the end of the primary education 
stage students must have acquired a competent level of DC 
(Real Decreto 157/2022 [Royal Decree 157/2022]). In this 
framework, it is becoming essential to train students digitally 
so that they are prepared for life changes and transitions 
(Cranmer, 2014). This study was developed with sixth grade 
transitioning students as the transition from primary to sec-
ondary education is considered to be of the most important 
moments in students’ lives, and being prepared is essential 
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to adapt to the new secondary education stage (Fabuel, 
2015). In particular, the transition to secondary education is 
a crucial period to embed digital skills as students encoun-
ter more complex subjects and sophisticated learning envi-
ronments that require a higher level of digital proficiency 
(Xing & Marwala, 2017). The educational program which 
is proposed in this research entails a link between these two 
educational stages.

The present study focuses on analysing the impact of an 
educational program on the DC level of transitioning stu-
dents (students in the last year of primary education) from 
the city of Albacete, a mid-sized urban area in Castilla-La 
Mancha, Spain. Based on the DC framework for citizens 
(DigComp), a questionnaire was administered before and 
after the educational program consisting of four educational 
workshops. Each of these workshops was related to a spe-
cific area of the DC framework, providing comprehensive 
instruction and assessment of the students’ progress in terms 
of digital skills. The brevity of the intervention proposed 
makes it applicable and useful to schools.

Student Digital Competence

According to DigComp, digital competence can be defined 
as the ‘confident, critical and responsible use of, and engage-
ment with, digital technologies for learning, at work, and 
for participation in society’ (European Commission, 2019, 
p.10).

It is noteworthy that not all students have the same access 
to technology, and some of them may find barriers because 
of the lack of devices or Internet access (Acuña-Torres et al., 
2024). Although the last PISA report revealed that access to 
ICT has improved over recent years (OECD, 2015), there 
are still many gaps. According to Van Deursen and Van Dijk 
(2010), the digital divide is unequal access to technology, 
which can be limited for different reasons such as social, 
psychological or cultural ones. Ertl et al. (2020) suggest that 
it is necessary to consider not only the unequal access to 
digital resources, but also the lack of competences in the 
use of technology.

Nowadays, most students use technology in their daily 
lives as part of the digital society we are immersed in. How-
ever, following Prensky’s (2012) concept of digital wisdom, 
it is just as important to know the functions of technology as 
to know how to use them. Studies like Machete and Turpin 
(2020) find that students tend to show low levels of critical 
thinking skills in daily actions such as detecting fake news 
on the Internet. This lack of critical thinking lead students 
to unknowingly share misleading information, potentially 
impacting their lives (Buchan et al., 2024). Mena Marcos 
(2020) indicates that students obtained the lowest averages 
on Area 5 of the DigComp framework, specifically related to 
Problem Solving. Paradoxically, Godaert et al. (2022) found 

in their systematic review concerning DC that safety and 
problem-solving areas were the least studied and worked on 
with primary education students. Hence, it is increasingly 
important to promote students’ training by providing them 
with correct criteria to use technology (Fernández-Montalvo 
et al., 2017).

Gender Gap in Technology Skills in Education

Several studies emphasize the digital gender divide as one 
relevant aspect in education (Campos & Scherer, 2023; 
Niño-Cortés et al., 2023). Campos and Scherer (2023) dis-
tinguish three different levels of digital gender gaps: dis-
parities in access to technology, ICT skills and learning 
achievement.

Maon et al. (2021), in their study with secondary students, 
revealed that male students outperformed female students 
considering problem solving skills when using the Inter-
net, whereas female students outperformed male students in 
ethical knowledge variables when using digital devices. The 
same authors suggest that the total means comparing DC 
in general was higher in female students. Existing studies 
suggest that there is an existing digital gap favoring male 
students, showing that male students obtained higher scores 
in DC perception and attitudes (Niño-Cortés et al., 2023).

On the other hand, authors like Siddiq and Scherer (2019) 
suggest in their meta-analysis that female students obtain 
higher results in digital skills in primary education compared 
to male students. West et al. (2019) highlight that despite 
primary and lower secondary female students surpassing 
males in their DC level, they tend to have lower confidence 
in their digital skills, especially in more complex tasks. Had-
don et al. (2020) support this idea of a gender gap favor-
ing females, this being more pronounced in primary than 
in secondary education. However, they highlight that these 
differences appear less substantial when assessed through 
performance-based measures rather than self-report sur-
veys. Similarly, Mena Marcos (2020) reported that female 
students obtained higher scores than male students in all 
the Areas of the DigComp framework, except for problem 
solving skills (Area 5), where male students overperformed 
females. According to Perifanou and Economides (2020), 
females perform Science, Technology, Engineering, and 
Mathematic (STEM) skills at the same or even higher levels 
than males in primary education, but the gender gap starts in 
secondary education, showing a loss of interest on the part 
of females. This loss of interest can cause the gap that exists 
in the gender composition of the total number of digital spe-
cialists, where females are in minority (Ministerio para la 
Transformación Digital y de la Función Pública del Gobi-
erno de España, 2024 [Ministry for Digital Transformation 
and Public Administration of the Government of Spain]).
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Some studies find males ahead in digital problem-solving 
and self-perceived competence, while others find females 
ahead in ethical, safety-related or general digital skills. This 
disparity in results seems to point more to differences in 
confidence, motivation and context rather than any inherent 
gendered ability, which would emphasize the importance of 
adequate educational programs.

Primary to Secondary Educational Transition

The transition from primary to secondary school is an 
important transformation as students need to face different 
challenges and changes (Francés et al., 2022). Providing stu-
dents with continuity at this moment can avoid generating 
possible mistakes that determine students’ paths (Donaldson 
et al., 2023). Passey (2014) raised the question of whether 
technologies are enabled to help this transition and suggests 
that if so, bridging points should be established between 
primary and secondary education to allow for continuity and 
the evolution of learners.

According to the Spanish educational system, by the end 
of the primary education stage students must reach a specific 
level of DC, including guided searches, creation of digital 
content, use of digital platforms, knowledge of Internet risks 
or resolution skills (Real Decreto 157/2022 [Royal Decree 
157/2022]). Table 1 shows a summary of the level of per-
formance expected for sixth-grade students at the end of 
the stage:

To obtain these standard levels, it is essential to promote 
DC instruction initiatives, especially in the sixth grade 
of primary education to prepare them to meet the usual 
demands they may find at the secondary stage.

In the context of secondary education, Estrada and Ben-
nasar García (2021) found that there was a generalized lack 
of awareness about the use of ICT among students. There-
fore, applying assessment tools to analyze students’ DC 
levels presents a crucial opportunity for schools to identify 
deficiencies and develop appropriate intervention strategies 
(Calvani et al., 2012). One example is provided by Guitert 
et al. (2021), who reported on the importance of establishing 
the continuity of DC from primary to secondary education 
and developed a common framework to address this exist-
ing gap.

Digital Competence Framework

With the increasing importance of technology skills over 
the last few years, the need for a DC framework has evolved. 
Widely recognized and adopted across Europe, DigComp 
provides a standardized framework for assessing and devel-
oping DC, covering essential digital skills that are relevant 
at any age.

According to the European Commission (Vuorikari et al., 
2022), the DC framework for citizens (DigComp) involves 
five areas: information and data literacy, communication and 
collaboration, digital content creation, safety, and problem 
solving. Table 2 shows a brief explanation of these areas:

Table 1   Level of expected performance for sixth-grade primary students

Adapted from Real Decreto 157/2022 [Royal Decree 157/2022]

DC Level of performance

DC1 Performs guided internet searches and utilizes simple strategies for digital information processing maintaining a critical attitude
DC2 Creates and integrates digital content in various formats using diverse digital tools to express ideas, emotions, and knowledge, respecting 

intellectual property and copyright of reused content
DC3 Engages in school activities using virtual tools and platforms to build new knowledge, collaborate, and share content in securely super-

vised digital environments, demonstrating an open and responsible attitude
DC4 Understands the risks and, with teacher guidance, adopts preventive measures when using digital technologies to protect devices and 

personal data, beginning to develop habits for critical and sustainable technology use
DC5 Begins to develop simple, sustainable digital solutions to creatively address specific problems or proposed challenges, seeking assistance 

when necessary

Table 2   Digital competence 
framework areas

Own elaboration. Based on Vuorikari et al. (2022)

Area Description

1. Information and Data Literacy Information searches, data evaluation and managing
2. Communication and Collaboration Sharing content and collaboration through technology
3. Digital Content Creation Creating and re-elaborating digital content online
4. Safety Protecting devices, personal data and well-being
5. Problem Solving Identifying problems and solve them creatively
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The Present Study

The literature review emphasizes the importance of inte-
grating DC in education and providing students with the 
necessary skills to acquire a competent level of it. The 
present research should be considered as part of a larger 
study that involved a general assessment of DC among 
students in Castilla-La Mancha, focusing on sixth-grade 
primary school and first-year secondary school students. 
In that broader study, it was observed that the overall level 
of DC was relatively low across the student population. 
As a response to these findings, this study was conducted 
as a case study with the aim of improving students’ DC 
through an educational program designed to address the 
gaps identified in the initial diagnosis. Based on this line 
of research, the present study aims to address the following 
research objectives:

RO1. To evaluate the impact of an educational program 
on students’ DC.
RO2. To study the potential gender differences in the stu-
dents’ DC level.

Method

Participants and Design

The current study was conducted with transitioning stu-
dents from the sixth grade of primary education, aged 
between 11 and 13 years old. Due to the age of the par-
ticipants, their families were provided with an informative 
dossier about the study and the families expressed their 
agreement to participate through informed consents. The 
study was approved by the ethics committee of the Uni-
versity of Castilla-La Mancha. The participants were 126 
students (60 male and 66 females) from three different 
schools (two state schools and one private school) from 
the city of Albacete, a mid-sized urban area in Castilla-La 
Mancha, Spain. The three selected schools were of mid-
dle socio-economic status and had adequate resources to 
support the study, ensuring a stable technological infra-
structure. The availability of digital devices facilitated 

the implementation of the study. The educational program 
designed for this study was carried out by primary school 
teachers and research staff from the University of Castilla-
La Mancha.

This study is designed as a collective case study, follow-
ing Stake’s (2006) approach, since multiple schools are con-
sidered as a collective whole for the analysis to investigate 
the impact of the educational program on students. This 
approach allows for a comprehensive examination of the 
educational program’s impact, providing valuable insights 
into its effectiveness and the factors contributing to its suc-
cess or challenges.

Following this methodology, a coordinated approach was 
implemented, employing a consistent structure comprising 
of a questionnaire to measure DC and four educational work-
shops across all cases. This structure ensured comparabil-
ity and reliability in the findings derived from each school 
context. To apply the DC questionnaire and to achieve the 
research objectives proposed, the present study follows a one 
group pretest posttest quasi-experimental research design.

Figure 1 shows the design of the sessions employed. 
As can be seen, in the first session the students completed 
the pretest questionnaire to measure their initial DC level. 
Once the questionnaire was filled in, the students received 
a DC educational program composed of four educational 
workshops. Each workshop was based on a different area of 
the European Digital Competence framework for citizens; 
a more detailed explanation of these can be found below 
(workshop design section). The organisation of the work-
shops was not sequential, due to the content of the different 
areas and the way of working on them with the students. 
Area 5 (Problem Solving) was worked transversally in every 
workshop, and more specifically in Workshop 4. After the 
instruction, the students took the posttest to reassess their 
DC level and evaluate potential improvements.

As a complementary test, a student satisfaction question-
naire was also administered after the educational program 
to evaluate the students’ experience and satisfaction with the 
DC workshops and the instruction received.

Instrument

The instrument employed for this study was the Digital 
Competences Evaluation Test (ECODIES), a validated 
questionnaire proposed by Iglesias Rodríguez et al. (2023). 

Fig. 1   Session design
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This questionnaire is intended to measure the DC level of 
primary school students. The instrument has undergone an 
exhaustive validation process through expert judgement and 
different pilot tests with each of the areas. In particular, the 
questionnaire was validated with a primary-school student 
sample following a quantitative methodology and statistical 
techniques.

The questionnaire consists of 57 items divided into six 
different sections (Hernández and Iglesias, 2020). Sections 
from 1 to 6 coincide with the 5 areas of the DigComp, and 
Sect. 0 examines socio-demographical aspects. The items 
were evaluated following a 5-point Likert scale, 1 being 
totally disagree and 5 totally agree. Students completed the 
questionnaire online, in a safe environment provided by the 
University of Castilla-La Mancha, based on Limesurvey. All 
data was anonymized by assigning a unique code to each 
student, inspired by Lippe et al. (2019), which they created 
randomly themselves and allowed us to monitor their pro-
gress in both the pretest and posttest.

The assessment test was based on a validated test (Kay & 
Knaack, 2009) which was adapted for primary school stu-
dents with a more relatable vocabulary for them. Specifi-
cally, the administered test consisted of 11 questions with 
a Likert scale from 1 to 5 (1 being Not interesting and 5 
Very interesting), along with an open-ended question where 
students could express their thoughts about the workshops.

Workshop Design

As previously noted, the programs designed for this study 
were based on the European Digital Competence Frame-
work for citizens. Considering the five areas of the frame-
work, each educational workshop addressed one or two spe-
cific areas. Although Area 5 was worked on specifically in 

Workshop 4, it is worth noting that this area was worked on 
transversally in all the workshops due to its applicability.

As we were working with primary education students, 
the platform used for the educational program was a safe 
environment provided by the educational administration, 
Microsoft for students, for all compulsory stages. It is crucial 
to state that most students, despite being in the last trimes-
ter of the final year of Primary Education, had not used it 
before. Each workshop lasted 45 min, coinciding with Span-
ish school session timetables.

The workshops described below are adaptable to the sub-
jects and contents worked on by the students. Although in 
the present study a specific example is provided, the content 
of these workshops is designed to be flexible, allowing its 
implementation in various educational contexts. In fact, to 
ensure the transfer of knowledge, these materials have been 
made available online in an educational repository, enabling 
any school and teacher to access and tailor them to their 
needs with the goal of enhancing students’ DC. This adapt-
ability ensures that the workshops can be widely used to 
improve digital skills across diverse educational settings. 
Table 3 shows a summary of the workshops including their 
objectives and resources, and a more detailed explanation of 
each workshop is given below:

Workshop 1  This workshop was aimed to cover Area 2 
(Communication and Data Literacy). This area was selected 
as the focus of the first workshop in order to teach students 
how to share documents and collaborate online. By master-
ing these skills, students could effectively navigate and use 
the educational platform provided, ensuring they were well-
prepared to engage in the subsequent workshops.

Firstly, students were distributed into groups of four. 
Then, they were shown how to create and share a folder 
with their classmates, step by step, following a presentation 

Table 3   Workshop summary

Workshop DC area Objectives Resources Duration

Workshop 1 Area 2: Communication and Col-
laboration

Learning how to share files and 
folders in a close environment and 
collaborating online

Digital board for projecting a pres-
entation, tablets or computers

45 min session

Workshop 2 Area 1: Information and Data 
Literacy

Raising students'awareness of the 
importance of conducting appro-
priate Internet searches and using 
data appropriately

Digital board for projecting a pres-
entation, tablets or computers

45 min session

Workshop 3 Area 3: Digital Content Creation Learning how to create content 
responsibly by using free image 
banks and respecting copyright 
laws

Digital board for projecting a pres-
entation, tablets or computers

45 min session

Workshop 4 Areas 4 and 5: Safety and Problem 
Solving

Raising students’ awareness about 
the potential risks found on the 
Internet and learning how to use it 
responsibly

Digital board for projecting a pres-
entation, tablets or computers

45 min session
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projected on the digital board. Secondly, once they had cre-
ated the folder, they were asked to create a shared file and 
write on it at the same time, so they could see how this 
function works and learn how to collaborate together in real 
time. Finally, they were given an explanation of how to use 
the track-changes function and how to add comments to the 
shared file. Figure 2 shows an example of the presentation, 
projected step by step, so students could follow it.

Workshop 2  Workshop 2 was designed to cover Area 1 
(Information and Data Literacy) so that the students could 
search for information and identify it reliability.

Firstly, the students were asked to brainstorm with the 
search engines they know, and they were provided with 
examples of the most known ones. Then, the students were 
shown, through a presentation, how to carry out an Internet 
search safely, step by step. Some of the aspects highlighted 
were using keywords, checking the date of publication and 

Fig. 2   Workshop 1 example

Fig. 3   Workshop 2 example
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checking that the website visited is a reliable source. Fig-
ure 3 shows an example of an Internet search.

Finally, they were given a specific topic and some ques-
tions that needed to be addressed. To include a significant 
focus, the contents from the educational curriculum were 
used to conduct a targeted search. The search provided was 
based on the Sustainable Development Goals of Agenda 
2030, but it is worth noting that the workshops are easily 
adapted to any topic during the academic course.

Workshop 3  This workshop covers Area 3 (Content Crea-
tion) to assure that the students learn to create content fol-
lowing and respecting copyright laws.

To achieve the objectives, the students were divided into 
groups of four and they were shown how to create a Power-
Point presentation step by step. To assure that they respected 
copyright laws they were provided with examples of free 
image banks and shown how to cite an author when reusing 
material. The final exercise in this workshop was to create 
a presentation using the information they had saved in the 
previous workshop. To do so, the students needed to use 
images respecting copyright laws and share their final work. 
Figure 4 shows an example explaining what copyright is.

Workshop 4  Workshop 4 is designed to cover Areas 4 
(Safety) and 5 (Problem Solving), as they are highly related. 
The students need to learn how to use Internet safely and 
how to solve the specific problems that can emerge when 
using technology.

The students were shown the main potential risks they 
can encounter when using the Internet covering different 
topics such as social media, viruses or identity fraud. A pres-
entation and a brief video were shown to raise consciousness 
about them. They also were provided with some examples 
concerning possible problems they may encounter when 

using digital devices. Examples of these problems are the 
use of settings options, software or antivirus programs.

Finally, they were given a Breakout Edu, through the 
platform Genially, where they needed to answer questions 
related to the previously explained topics. Figure 5 shows 
an example of the Breakout Edu prepared for the students in 
the mentioned platform.

All the material is available at: https://​proco​mun.​intef.​
es/​ode/​view/​es_​20241​11912_​91728​56.

Results

Data Analysis

To answer the research objectives proposed for this study, 
the validated questionnaire ECODIES was employed, 
before and after the educational program. To evaluate 
the reliability and assess the significance of the results 
obtained, an inferential analysis was conducted. To answer 
RO1 a paired-sample t-test was conducted. To address 
RO2, a paired t-test was conducted to examine the dif-
ferences between the pretest and posttest results based 
on gender, and independent t-tests were also performed 
on both the pretest and posttest results to compare differ-
ences between males and females. Cohen's d was used as a 
measure of effect size. The interpretation of the results has 
been carried out using the benchmarks proposed by Cohen 
(1988), considering small (0.2), medium (0.5), and large 
(0.8) effect sizes, while the p-value was based on Fisher 
(1925), with statistical significance considered at p < 0.05.

Fig. 4   Workshop 3 example

https://procomun.intef.es/ode/view/es_2024111912_9172856
https://procomun.intef.es/ode/view/es_2024111912_9172856
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Impact of an Educational Program on Students’ DC

In order to diagnose the impact on the development of 
the participants'DC (RO1), as previously mentioned, a 
paired-samples t-test was conducted for each area and 
for the overall score, comparing the pretest and posttest 
scores. Table 4 shows, for each dimension and for the 
total score, the mean (M) and standard deviation (SD) 
comparing pretest and posttest.

The educational program had a positive and signifi-
cant impact on most areas of DC, especially on Area 1 
(Information and Data Literacy), Area 3 (Digital Con-
tent Creation), Area 4 (Safety), and the global media of 
DC. Area 2 (Communication and Collaboration) showed 
a significant improvement, but with a smaller effect size. 
Conversely, Area 5 (Problem Solving) did not show any 
significant improvement, indicating that the intervention 
did not affect this particular competence. The following 
graph (Fig. 6) clearly shows the evolution of the students 
in each area.

Gender Differences in the Students’ DC Level

In order to study possible gender differences in the students’ 
DC level (RO2), Table 5 shows the existing differences 
between male and female students. A comparison between 
pretest and posttest according to gender and each area of the 
DigComp is shown below.

Pretest results show that both the male and female stu-
dents had a similar level of DC, as there are non-significant 
differences between them, except for Area 1, where there 
was a moderate difference in favour of male students (0.69).

After the implementation of the educational workshops, 
and examining posttest results, it can be seen that female stu-
dents obtained, in general, higher marks than male students. 
The most pronounced difference was observed in Area 4 
during the posttest, favouring females (1.05). Furthermore, 
the analysis reveals moderate gender difference in Area 1 
(Information and Data Literacy) (0.84) and global scores 
(0.64), where females exhibited higher scores in the posttest. 
Area 2 also shows a moderate difference (0.70) in favour 
of females. However, Areas 3 and 5 show non-significant 
differences.

Comparing the general results of the pretest and posttest 
it can be seen that both genders were favoured by the educa-
tional workshop intervention. In general terms, it can be seen 
that female students mostly benefited from the educational 
workshops compared to male students. Figure 7 represents, 
by gender and size, the average before and after the imple-
mentation of the workshops.

During the pretest, no significant differences were found 
between the males and females in any of the analysed vari-
ables. For the global score, the analysis did not reveal any 
significant differences related to gender (t(124) = −0.2, p = 
0.9). Similarly, no statistical differences were observer for 
any of the areas. Concerning the impact of the workshops, in 

Fig. 5   Workshop 4 example

Table 4   Descriptive statistics by dimension in pretest and posttest

Dimension M SD Comparison

Pre Post Pre Post

Area 1 3.28 4.87 3.13 3.54 p <.0001, d = 0.46
Area 2 5.95 6.41 1.81 2.39 p = 0.006, d = 0.29
Area 3 4.55 5.37 1.92 2.15 p <.0001, d = 0.54
Area 4 5.61 6.49 2.18 2.57 p <.0001, d = 0.49
Area 5 2.68 2.67 2.51 2.50 p = 0.910, d = −0.01
Global 4.95 5.66 1.34 1.91 p <.0001, d = 0.59
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the global score the females showed a significant improve-
ment from the pretest to the posttest (t(113) = −4.0, p < 
0.001), with a medium effect size (d = −0.75). In contrast, 
the males did not exhibit a significant difference between 
the pretest and the posttest (t(96) = −1.0, p = 0.2), with a 
small effect size (d = −0.27). For Area 1, the effect was 

more pronounced for the females. The females’ scores sig-
nificantly increased from the pretest to the posttest (t(125) 
= −4.0, p < 0.001, with a medium effect size (d = 0.73). 
The males, however, did not show a significant difference 
between the pretest and the posttest (t(114) = −1.0, p = 
0.2, with a small effect size (d = 0.23). Concerning Area 
2, both the females and the males experienced improve-
ments, but only the females showed a significant change. 
The females improved significantly from the pretest to the 
posttest, t(112) = −3.0, p = 0.006, with a medium effect size 
(d = −0.50). The males did not show a significant differ-
ence between the pretest and the posttest, t(114) = −0.7, 
p = 0.5, with a negligible effect size (d = −0.12). In Area 3, 
males and females demonstrated significant gains, but the 
females’ improvement was slightly greater. The females’ 
scores improved from the pretest (M = 4.76) to the posttest 
(M = 5.71), t(125) = −3.0, p = 0.007, with a small effect size 
(d = −0.49). The males also improved from the pretest (M 
= 4.36) to the posttest (M = 5.26), t(114) = −2.0, p = 0.02, 
with a small effect size (d = −0.43). For Area 4, the females 
experienced a substantial improvement, whereas the males 
showed no significant change. The females improved sig-
nificantly from the pretest to the posttest (t(125) = −4.0, p < 
0.001), with a medium effect size (d = −0.71). The males did 

Fig. 6   Mean and standard error of DC in pretest and posttest

Table 5   Descriptive statistics by dimension and gender

Dimension Gender M SD

Pre Post Pre Post

Area 1 Female 2.98 5.30 1.32 1.70
Male 3.67 4.46 3.10 3.30

Area 2 Female 5.94 6.93 1.70 2.24
Male 5.97 6.23 1.94 2.34

Area 3 Female 4.76 5.71 1.91 2.00
Male 4.36 5.25 1.94 2.21

Area 4 Female 5.46 7.05 2.25 2.24
Male 5.76 6.00 2.14 2.78

Area 5 Female 2.73 2.51 2.40 2.33
Male 2.56 2.80 2.63 2.68

Global Female 4.93 6.07 1.32 1.70
Male 4.97 5.43 1.37 2.02
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not exhibit significant differences between the pretest and 
posttest (t(114) = −0.5, p = 0.6), with a negligible effect size 
(d = −0.09). Lastly, in Area 5, neither the females nor the 
males showed significant improvements. The females’ scores 
slightly decreased from the pretest to the posttest (t(125) 
= 0.5, p = 0.6), with a negligible effect size (d = 0.09). The 
males’ scores increased slightly from the pretest to the post-
test (t(114) = −0.5, p = 0.6, with a negligible effect size (d 
= −0.09). In summary, the educational program proposed 
led to significant gains in most areas of DC for females, with 
medium effect sizes in global scores, Areas 1, 2 and 4. The 
males, on the other hand, showed significant improvement 
only in Area 3, with small effect sizes or negligible gains in 
other areas. This comparison suggests that the intervention 
was more effective for females overall.

In the posttest, the difference in global DC between 
females and males approached significance, with females 
outperforming males. Although the difference was not statis-
tically significant (t(115) = 2.0, p = 0.06), the medium effect 
size (Cohen’s d = 0.75) suggests that the females showed 
a meaningful advantage over the males in this area after 
the intervention. For Area 1, the females performed better 
than the males, but the difference did not reach statistical 
significance (t(115) = 1.0, p = 0.2). However, the effect size 
(Cohen’s d = 0.73) indicates that there was still a moderate 
advantage for the females. In Area 2, the results showed no 
significant difference between the males and females (t(115) 
= 2.0, p = 0.1). However, the medium effect size (Cohen’s 

d = 0.50) suggests that the females tended to perform bet-
ter than the males. In Area 3, no significant difference was 
found between the males and the females in the posttest 
(t(115) = 1.0, p = 0.2). The small effect size (Cohen’s d = 
0.49) suggests that the females may have performed slightly 
better, but the difference was not large enough to be statis-
tically significant. In Area 4, a significant difference was 
found between the females and the males in the posttest 
(t(106) = 2.0, p = 0.03), with the females clearly outper-
forming the males. The effect size (Cohen’s d = 0.71) was 
medium, indicating a substantial advantage for the females 
in this area. In Area 5, no significant difference was observed 
between the males and females in the posttest (t(115) = −0.6, 
p = 0.5, with a negligible effect size (d = 0.09).

Table 6 presents the means of the student satisfaction 
questionnaire concerning the educational program from the 
questionnaire results. As shown, the average scores indicate 
generally positive perceptions across various aspects of the 
workshops. The highest averages are related to the role of 
instructors (M = 4.44), the way the workshops were con-
ducted (M = 4.33), the materials and resources employed (M 
= 4.28), the overall learning environment (M = 4.25) and the 
clarity of instructions (M = 4.14), reflecting strong approval 
of the educational instruction. Meanwhile, lower averages 
are observed in areas such as the applicability of what was 
learned in daily life (M = 3.60), and its connection to life 
outside of school (M = 3.95), suggesting that while partici-
pants valued the workshops, these areas need improvement 

Fig. 7   Mean and standard of DC variables by test and gender
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in order to identify the potential and use of their digital skills 
in practical contexts. Regarding the workshops, it can be 
appreciated that workshops 3 and 4 were considered to be 
the most interesting for the students with an average of 4.02 
and 4.39, respectively. Table 6 shows the scores obtained 
below.

Beyond the students’ evaluation test results, based on 
the open-ended question in the questionnaire, most of stu-
dents choose not to give more information. However, what 
is impressive is that students who answered this ques-
tion expressed high satisfaction with the experience and a 
demand for more educational workshops.

Discussion

The presented educational program was designed, as a 
consequence of the low level of DC among transitioning 
primary education students, as a tool to improve their DC 
skills. Considering the different areas of DC, the results 
show that students improved in most of the DC areas of the 
DigComp framework, except Areas 2 and 5. Of note are the 
pronounced differences observed in Area 1. In Areas 3 and 
4 moderate differences can be appreciated comparing the 
pretests and posttests. These results suggest that educational 
programs, like the one proposed in this study, can help stu-
dents to improve their DC level.

It can be seen that the most difficult area for the stu-
dents was Area 5. In fact, this is the only area in which 
the students did not make any significant improvement. 
Mena Marcos (2020) obtained similar scores, showing 
in their studies that Area 5 had the lowest averages for 
students. Different authors support these results suggest-
ing that students tend to have low levels of critical think-
ing skills (Machete & Turpin, 2020) and problem-solving 

areas are the least studied in the educational field (Godaert 
et al., 2022). Following this idea, Jonassen (2011) empha-
sizes that problem solving is not a generic skill that can 
be taught in isolation, but rather a complex skill that 
requires repeated exposure and practice across different 
domains and levels of education. Furthermore, his work 
frames technical problem solving –and, therefore, more 
aligned with DC– as a specific typology that shares simi-
larities in cognitive processes with other problem catego-
ries (Jonassen, 2007). Blanc et al. (2025) consider that 
although problem-solving ability is essential for coping 
with everyday tasks, it is still a challenge to introduce 
it in class for teachers. This fact demonstrates the need 
to implement similar educational interventions to the one 
presented in this study from early stages of primary edu-
cation, to improve this area for students and provide them 
with the necessary digital skills for secondary education. 
Furthermore, following the idea of Ertl et al. (2020) con-
cerning the new digital divide produced because of the 
lack of digital competences, implementing these kinds of 
strategies at schools and high schools could minimize that 
existing gap through education.

Regarding gender, the results of this study have demon-
strated that female students obtained major benefits from 
the educational workshops implemented, as their scores in 
the posttest on the ECODIES test employed outperformed 
the male students in most of the areas. These results cor-
roborate the idea of Mena Marcos (2020), who highlighted 
that female students outperformed male students in most 
of the areas. However, it contradicts the findings of studies 
such as Niño-Cortés et al. (2023), in which male students 
obtained a higher level of DC compared to females. It is also 
noteworthy to consider the difference between perception 
and skills, as primary education males tend to outperform 
in attitude and problem-solving skills (Maon et al., 2021; 

Table 6   Satisfaction questionnaire results

Item M

W1 W2 W3 W4

How interesting did you find the topics covered in the workshops? 3.81 3.53 4.02 4.39
Do you think what you have learned will be useful in the future? 3.85 3.71 3.91 4.13
The instructions for the workshop tasks were clear 4.12
I understood the instructions given in the workshops 4.14
I use what I learned in the workshops in my daily life 3.60
I can make connections between what I learned in the workshops and my life outside school 3.95
What I learned in the workshops is useful 3.90
How would you rate the way the workshops were conducted? 4.33
Were the materials and resources used in the workshops adequate? 4.28
Were the instructors in the workshops clear in their explanations and supportive of your questions? 

How would you evaluate their role?
4.44

Was the environment in the workshops positive and conducive to learning? 4.25
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Mena Marcos, 2020) whereas female students obtained 
higher results when considering DC levels in general (Sid-
diq & Scherer, 2019).

It is necessary to highlight that this study focuses on the 
primary education stage; therefore, the observation made 
by Perifanou and Economides (2020), which pointed out 
that female students begin to lose interest in ICT skills dur-
ing secondary education, cannot be assessed. Future studies 
could focus on this last stage. Education can act as a social 
equalizer to avoid possible emerging gender gaps, and ini-
tiatives like the educational program proposed in this study, 
aim to improve the DC level of all students and provide 
them with equal opportunities. The present proposal aligns 
with other initiatives such as the common DC framework 
for primary and secondary education developed by Guitert 
et al. (2021), helping educators to establish a solid base for 
students’ knowledge between these two educational stages.

Finally, following the question posed by Passey (2014) 
concerning the possibility of using technology as a valu-
able tool to support the transition process, the present study 
suggests that promoting educational programs could be a 
good resource to avoid gaps in this important moment in 
students’ lives. In fact, different authors have highlighted 
the need for more studies which examine students’ DC to 
obtain data for schools and educators (Calvani et al., 2012; 
Godaert et al., 2022). In this framework, diagnosing stu-
dents’ DC level could be useful for schools to develop spe-
cific educational programs, similar to the one suggested in 
this research, which help students to improve their digital 
skills and facilitate primary to secondary school transition. 
The materials designed for this study are available in an 
open repository and can be adapted to different educational 
contexts.

Limitations and Future Research

It is remarkable that the transversal perspective of introduc-
ing digital skills in the current educational system could gen-
erate limitations on students’ DC acquisition. The main aim 
of this study was to provide students with the necessary tools 
to acquire a competent level of DC to help them in the transi-
tion from primary to secondary education. The case study 
design allows the testing of the differences gained in each 
area after the implementation of the educational program, 
and it has been shown that it could be usefully employed in 
the future in other primary schools. In fact, this study aims 
to follow the transitioning students in their secondary educa-
tion in order to observe possible improvements in their CD 
level and avoid generating possible emerging gaps. From 
a digital education policy perspective, this study provides 
findings for curricular strategies that progressively integrate 
DC training, ensuring coherence across educational levels.

The results of this study suggest that DC Area 5 has not 
been improved on by students, this being the only area where 
the participants did not improve their score. This leads one 
to reflect on the workshop design, revealing the need to dedi-
cate an entire workshop to this area. As explained in the 
Discussion sections, it would be essential to develop more 
educational programs covering this specific area, as it is one 
of the most difficult ones for students.

Conclusions of this study indicate that female students 
obtained higher scores than male students in the DC test. 
The gender results of this study highlight the need for further 
similar studies, which measure both students'level of DC 
and their perception and attitudes towards it. Furthermore, 
introducing the variable of academic results could add value 
to future studies. It is noteworthy that the complementary 
satisfaction questionnaire was conducted without specifying 
gender, which prevents the establishment of a correlation 
between DC skills and attitude. For future research, taking 
this factor into account is recommended.

As future research lines, this study has provided evi-
dence-based, open-access educational materials designed to 
develop students’ DC. The educational program proposed 
is replicable in nature, and its brevity (four workshops) 
allows its implementation in different contexts. Therefore, 
we encourage future educators to conduct further studies on 
this topic. Experimental designs which allow the comparison 
with other proposals would be enriching to establish com-
mon research lines.
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