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Abstract 
During last years, different studies have highlighted the importance of improving the average 
knowledge of digital skills for European citizens to achieve an enhanced digital society. Different 
initiatives have emerged from those studies, especially in the European Union, which released the 
DigComp project to define a set of digital competences any citizen would have to acquire, in an 
appropriate level, for a suitable development in a digital society. This paper focuses on the design and 
implementation of a course on digital competences for first-year university students to enhance their 
academic development. The course is the result of the joint work of faculty from the Computer Science 
and Systems Engineering Department of the University of Zaragoza and staff from the Library of the 
aforesaid University. The proposed methodology begins with the design of a course properly aligned 
with the DigComp 2.0 framework, which is later deployed in an online fashion for eleven degrees of 
different macro-areas. Furthermore, a descriptive analysis has been carried out to evaluate the 
proposal. As main results, we emphasize that students did not have a relevant training in digital 
competences during their pre-university studies and that the contents of the course have proved to be 
useful. In addition, the degree of satisfaction of students related to the realization of the course is 
rather high. Results confirm that the Digital Competence must be an asset for early university 
students. Thus, we claim the courses as the one presented in this paper allow students to achieve an 
accurate and homogeneous level of Digital Competence, regardless the main area of their degrees. 

Keywords: Computer literacy, information literacy, technological literacy, higher education, cross-
curricular competence, learning experience. 

1 INTRODUCTION 
The image perceived by the society about the level of digital competence of youth is distorted. Young 
people can use technology but that does not mean that they have acquired the digital competences 
required for development in their personal or professional life [1]. “In fact, a substantial percentage of 
young people in European countries lack basic ICT skills” [2, p. 3]. 

Recently, European Comission has published the Europe's Digital Progress Report 2017. There, 
individuals between 16 and 74 years old have been studied concluding that, in 2016, 44% of the 
European population - and 47% of the Spanish population - had an insufficient level of digital skills [3] 
[4]. 

Related to this, European Comission, in the ‘New Skills Agenda for Europe’, launched the Digital Skills 
and Jobs Coalition ‘to develop a large digital talent pool and ensure that individuals and the labour 
force in Europe are equipped with adequate digital skills’ [5]. Thus, public authorities, business, 
education, training and labour market stakeholders are connected. The need for this coalition was 
justified by the European Comission because they stated that formal education must equip every 
citizen with an appropriate level of some cross-curricular skills and key competences such as the 
digital competence. The definition of this competence was approved by the European Parliament and 
the Council in the framework on key competences for lifelong learning as follows: 

Digital competence involves the confident and critical use of Information Society Technology 
(IST) for work, leisure and communication. It is underpinned by basic skills in ICT: the use of 
computers to retrieve, assess, store, produce, present and exchange information, and to 
communicate and participate in collaborative networks via the Internet [6]. 

Due to the complexity, importance and novelty of this competence, the European Comission decided 
to launch a new project called Digital Competence: Identification and European-wide validation of its 
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key components for all levels of learners (DIGCOMP). One of the goals of this project was to achieve 
a more accurate theoretical development of this digital competence to achieve a better comprehension 
of it and to facilitate its launch. As a result, in 2013, the Institute for Prospective Technological Studies 
(one of the institutes of the Joint Research Centre, a Directorate-General of the European 
Commission) published in [7] a framework for digital competence for all citizens. There, the different 
aspects of digital competence are described by means of five areas and twenty-one competences 
distributed in those areas. 

This project has had continuity in the denominated DIGCOMP 2.0, which is an update of the 
DIGCOMP project, and it is being carried out in two phases. The result of the first one (the update of 
the conceptual reference model) was issued during 2016 and it keeps the same areas and 
competences, while some minor changes were applied [8]. 

Moreover, during the las years some reports about Spanish and European educational objetives had 
been developed by the Spanish Ministry of Education [9] [10] [11] in the strategic framework for 
European cooperation in education and training [12]. This framework, also known as ET 2020, was 
reviewed [13] in order to decline the six priority areas into some specific topics. As far as digital 
competence is concerned, one of the concrete issues of area 1 is “Strengthening the development of 
cross-curricular skills and key competences, in line with the Reference Framework on Key 
Competences for lifelong learning, in particular, digital, entrepreneurship and language competences” 
[13, p. 32]. Likewise, another concrete issue, this in the area 3, is “Addressing the development of 
digital competences at all levels of learning, including non-formal and informal, in response to the 
digital revolution” [13, p. 33]. 

It is important to note that the European Union is making a special effort to establish digital 
competence as a facilitator for insertion in the labor market in each of the member countries as well as 
a source of wealth in the medium and long term. As an example, the so-called Digital Single Market 
aims to establish a common framework for the exchange of online services at European level. The 
European Commission explicitly states that this challenge is not only to develop these services but to 
prepare the population so that they can get the most out of them, and this is where the training in 
digital competence plays a fundamental role: 

Digital skill levels need also to be raised among employees in all economic sectors and among 
job seekers to improve their employability. Change is needed in the way education and training 
systems adapt to the digital revolution. [14] 

As far as Higher Education in Spain is concerned, in the early beginning of the establishment of the 
European Space of Higher Education, the Tuning project, between the generic instrumental 
competences, includes some technological and computational skills [15] [16] and specifies the 
relevance of these competences. At a national level, the Agencia Nacional de Calidad y Acreditación 
(National Quality and Accreditation Agency) is based on these generic competences to define the 
cross-curricular competences that it recommends incorporating into the new grades. These cross-
curricular competences include the use of computer tools and the ability to search, analyze and 
manage information. 

All the above contributed to the constitution of the UniCI2 agreement, formed by several libraries of 
Spanish universities, for training in information literacy and IT competences. In the case of the 
University of Zaragoza (UZ), professionals from the Library of the University of Zaragoza have been 
teaching since 2010 an online course, for students of first year, to transmit basic knowledge about 
information literacy competences. This course was developed taking into account the work by the IT 
chapter of the CRUE (Spanish Association of University Chancellors) along with REBIUN (Network of 
Spanish University Libraries) on information literacy and IT competences in university degrees [17]. 
Subsequently, in 2014, it was considered necessary to complete this course with IT competences, 
which is why an interdisciplinary group, with faculty of the Computer Science and Systems 
Engineering Department as well as staff of the Library of the University, was formed. The joint work of 
this group has resulted in an extended version of the online course in which the information literacy 
and IT competences are presented, covering a greater amount of aspects related to digital 
competence. 

The rest of the article is structured as follows: the methodology that has been carried out to design the 
course on information literacy and IT competences is defined below; then we present the analysis of 
the data collected during the development of the course and, finally, we sketch some conclusions. 
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2 METHODOLOGY 
There exist different resources to help both students [18] and teachers [19] achieve digital 
competence. As aforementioned, we intend to reach our goal by means of an online course. In this 
section, we put forward the methodology we adopt to design and implement the course. Firstly, we 
analyse the alignment between the methodology and the DigComp 2.0 European Framework, and 
then we explain it in detail. 

2.1 Integrating the DigComp 2.0 Reference Framework into Higher Education 
As pointed out in the Introduction, the main goal of the course focuses on bringing together the so-
called Digital Competence (following the DigComp 2.0 European Framework) into universitary 
degrees, to achieve knowledge armonization, regardless the specific knowledge field. Although some 
degrees prone to foster this Digital Competence, the DigComp 2.0 Framework clearly defines that 
those competences must be achieved by any citizen [8]. 

With that in mind, we decided to carry out an experience to create a single course (generic for any 
degree) and to evaluate the results obtained. First, we chose different degrees in which the course 
was released as a part of the content of a first-year course. Due to the wideness of the spectrum of 
degrees we can find in the University of Zaragoza, we decided to launch the course in degrees of 
different areas of knowledge, so allowing a posterior richer evaluation. The selected degrees, sorted 
by macro-areas are the following: 

• Art and Humanities: Classics, Spanish Philology, Philosophy 

• Health Sciences: Odontology 

• Social and Legal Sciences: Physical Activity and Sports Sciences, Economics, Geography, 
Journalism, Tourism 

• Engineering and Architecture: Industrial Organizational Engineering, Mechatronic Engineering 

Let us note that we implemented the course in four of the five existing macro-areas. Such 
heterogeneity allowed us to carry out a more accurate and coherent experience with regards to the 
generality and cross-curricular issues defined in the DigComp 2.0 Framework. 

One of the strengths that might help the experience succeed is the perception the student has of the 
course as something useful and integrated into the degree. The cross-curricular character of the 
competences allows its application in any other course in the same degree. For that reason, in the 
experience presented in this paper, we decided to implement an online course as part of the syllabus 
of a first-year course (in every selected degree) counting on the correspondant teachers. Thus, we 
intend to introduce the acquisition of the Digital Competence into the student curriculum in early 
stages of his/her academic lifetime, and without any major change in the degree program. Note that, in 
any case, student participation in this experience was voluntary, and in some cases the completion of 
the course did not affect the final mark of the student (this is a decision of the course teacher). 

In the following section, we detail the content of the course, as well as adaptation to the DigComp 2.0 
reference framework. 

2.2 Selecting digital competences 
Digital Competence is complex and is not only related to instrumental aspects, but also to critical 
thinking, security and confidence [20], with competences from a wide area of other fields namely, 
cognitive, socio-cultural, axiological or emotional [21]. DigComp 2.0 reference framework [8] describes 
Digital Competence by defining 21 competences grouped in 5 areas (Information and data literacy, 
Communication and collaboration, Digital content creation, Safety and Problem solving). Working on 
the whole set of competences is clearly far from the goal of a first-year course. For that reason, we 
had to choose which aspects of the Digital Competence to work on with the students. Them we 
decided to design the online course taking the elaboration of an academic essay as a common thread. 

Note that during the evolution of the concept of Digital Competence, two aspects have capted most of 
attention: the use of computer-based tools and information management. Nowadays, in order to write 
a good academic essay, regardless the content addressed, being able to correctly use computer 
programs and efficiently manage information is mandatory. Thus, we believe that the proposed course 
was rather justified. 
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With the ideas above, the online course was designed with an 8-lessons structure (in detail in Table 3) 
tackling diverse aspects of the completion of an academic essay. Table 1 presents the 21 
competences extracted from the DigComp 2.0 framework and the lessons of our course covering it, 
attempting to show its alignment with the DigComp model. 

Table 1.  Competences in DigComp 2.0 and lessons in which the online course tackle them. 

Area Digital Competence Lesson 

1. Information and 
data literacy 

1.1 Browsing, searching and filtering data, information and 
digital content 

Lesson 4 
Lesson 5 
Lesson 6 

1.2 Evaluating data, information and digital content Lesson 4 
Lesson 7 

1.3 Managing data, information and digital content Lesson 2  

2. Communication 
and collaboration 

2.1 Interacting through digital technologies  

2.2 Sharing through digital technologies Lesson 7 
Lesson 8 

2.3 Engaging in citizenship through digital technologies  

2.4 Collaborating through digital technologies  

2.5 Netiquette  

2.6 Managing digital identity  

3. Digital content 
creation 

3.1 Developing digital content Lesson 2 
Lesson 7 

3.2 Integrating and re-elaborating digital content Lesson 2 
Lesson 7 

3.3 Copyright and licences Lesson 7 
Lesson 8 

3.4 Programming  

4. Safety 4.1 Protecting devices Lesson 2 

4.2 Protecting personal data and privacy  

4.3 Protecting health and well-being  

4.4 Protecting the environment  

5. Problem 
solving 

5.1 Solving technical problems  

5.2 Identifying needs and technological responses Lesson 1 

5.3 Creatively using digital technologies  

5.4 Identifying digital competence gaps Lesson 1 

We observe that in the online course syllabus, the student works on the whole set of digital 
competences of the Area 1 of the DigComp 2.0 framework. As DigComp 2.0 clearly points out, it is 
important to stress the need to efficiently search information in digital environments, using filtering 
criteria and browsing personal strategies, in order to analize and organize information in an efficient 
manner. 
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Regarding the Area 3, Digital content creation, a clear alignment can also be noted. Creation and 
edition of digital documents are a fundamental part of the course (3.1 and 3.2 DigComp 2.0 digital 
competences), highlighting the respect for author rights (to avoid plagiarism or to cite rigorously). 

Following section explores in detail the contents of each course lesson. 

2.3 Implementation 
In order to make it easier for students to practice the selected digital competences, the course has 
been deployed using an online course management tool, such as Moodle. As we have mentioned, the 
course has been designed and developed by an interdisciplinary group from the University of 
Zaragoza, made up of faculty and library professionals. Table 2 shows the list of lessons contained in 
the course, as well as the competences they dealt with according to the Conceptual Reference Model 
DigComp 2.0 [8] of the Joint Research Centre, which is an institution of the European Union. 

Table 2.  Lessons of the course and its relationship with the competences of DigComp 2.0. 

Lesson of the Moodle course Digital competence 

Lesson 1. Before starting 5.2 and 5.4 

Lesson 2. How to do an academic work 1.3 , 3.1, 3.2 and 4.1 

Lesson 3. The Zaragoza University Library website 1.1 and 1.2 

Lesson 4. Information searching process 1.1 and 1.2 

Lesson 5. How to locate digital information on the Library website 1.1 

Lesson 6. Searching in AlcorZe 1.1 

Lesson 7. Searching for information on the Internet 1.1, 1.2, 2.2, 3.1, 3.2 
and 3.3 

Lesson 8. How to cite the information founded 2.2 and 3.3 

The course contains both theoretical content (explaining basic aspects related to digital competences 
to be acquired by the students) and practical exercises. Every lesson has been developed to allow a 
teaching methodology which permits a practical and guided personalised learning, adaptable to the 
student learning pace. In those subjects that may be more complex for the student, a collection of 
exercises presented in a statement-solution-explanation manner, supported by textual and graphical 
help content, is provided with the goal of facilitating the on-line learning. In any case, students could 
ask teachers any question by using the Moodle course’s message exchange tool. 

3 RESULTS 
As we have mentioned previously, the course has been implemented in eleven degrees at the 
University of Zaragoza. The number of first-year students enrolled in the Moodle course was 728, of 
which 125 never logged in, and from the 603 students that took the course, 469 passed it. Therefore, 
the course had a success rate of 77.8% (% of students that passed the course over the ones who 
really participated) and a turnout of 64.4% (% of students that passed the course over the total 
enrolled). Table 3 shows the success rate and turnout of each degree, sorted by success rate. It can 
be observed that both the success rate and the turnout have a very wide range of values, from 42.1% 
to 100% in the first case and from 36.4% to 93.9% in the second one. 
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Table 3.  Success rate and turnout of each degree. 

Degree Enrolled 
students 

Students 
that took the 

course 

Approved 
students 

Success 
rate Turnout 

Odontology 33 31 31 100.0% 93.9% 

Physical Activity and Sports 
Sciences 72 69 67 97.1% 93.1% 

Geography 46 37 35 94.6% 76.1% 

Classics 19 14 13 92.9% 68.4% 

Spanish Philology 86 68 58 85.3% 67.4% 

Economics 203 165 135 81.8% 66.5% 

Mechatronic Engineering 47 45 32 71.1% 68.1% 

Journalism 62 54 38 70.4% 61.3% 

Philosophy 66 46 26 56.5% 39.4% 

Tourism 72 55 26 47.3% 36.1% 

Industrial Organisational 
Engineering (EUPLA) 22 19 8 42.1% 36.4% 

Total data 728 603 469 77.8% 64.4% 

In order to evaluate the adequacy of the course with regard to the proposed objectives, different 
surveys were designed and developed which were accessible, only for the students who took the 
course, in the on-line Moodle course. Specifically, firstly, we designed an initial questionnaire with the 
goal of evaluating the a priori knowledge of students when starting the course. Secondly, we 
developed different tests to check the learning progress after every course lesson. Furthermore, we 
included a final test students must take to check their knowledge about the contents of the eight 
lessons and a satisfaction questionnaire of the whole course to take after it was completed. 

Based on the results of the tests and the questionnaire that the students answered during the course, 
we have evaluated the experience by analyzing three aspects: 1) the contents suitability, 2) the 
learning outcomes and 3) the degree of satisfaction of students who took the course. We comment on 
each aspect in the following subsections. 

3.1 Contents suitability 
We were also interested in evaluating the course contents suitability with respect to what is taught to 
students in their pre-university studies. We asked them (in the satisfaction questionnaire) if several 
competences covered by the course had been previously taught to them. In particular, they were 
asked to what extent they had been taught, before starting university, to search for information on the 
Internet, manage the files they work with, use founded information, prepare class works and work with 
images. Students had to answer these questions on a scale between 0 (nothing) and 5 (much). A 
summary of the answers is shown in Fig. 1 and the mean and the standard deviation of each question 
are shown in Table 4. In all cases the mean is below 3, indicating that the opinion of the students is 
that they have not had a relevant training in these competences in their pre-university studies. 
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Figure 1. Assessment of pre-university education. 

Table 4.  Questions about digital skills taught before starting University. 

No. Question Related 
competences 

Score 
(mean) 

Standard 
deviation 

1 
Before starting University, to what extent 
did they teach you to search for 
information on the Internet? 

1.1 2.6 1.23 

2 
Before starting University, to what extent 
did they teach you to efficiently and safely 
manage the files you work with? 

1.3, 4.1, 4.2 2.2 1.39 

3 

Before starting University, to what extent 
did they teach you when and in what way 
you can use information found in books, 
libraries, the Internet ... etc. 

2.2, 3.3 2.2 1.27 

4 
Before starting University, how much did 
they teach you how to prepare and present 
class works? 

3.1, 3.2 2.9 1.15 

5 Before starting University, how much did 
they teach you to work with digital images? 3.1, 3.2 1.8 1.46 

In the satisfaction questionnaire, students were also asked to rate the suitability of the course content, 
in terms of how the course had served them for: 

− acquiring new knowledge and skills; 
− knowing more resources for accessing to bibliographic information; 
− taking advantage of computer tools; 
− their subsequent academic training. 

Futhermore, as another way of knowing the opinion of the students, they were asked if they would 
recommend this type of training to other students. Students, as before, answered these questions on a 
scale from 0 (nothing) to 5 (much). Fig. 2 shows the obtained results. The bar chart of Fig. 2(a) is 
skewed to the left showing that the students value very positively the usefulness of the contents of the 
course. This fact is also shown in Fig. 2(b) since, in every question, at least 69% of the students 
responded with a value of 4 or 5. Besides, in every question, at most 13% of the students chose a 
value of 0, 1 or 2. 
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(a) 

 
(b) 

Figure 2. Assessment of the usefulness of the course: (a) bar charts, (b) 100% stacked bar charts. 

From these results we can conclude that the students consider, to a large extent, that the contents of 
the course are suitable for their training. 

3.2 Learning outcomes 
Before taking the course, the students answered an initial test about their previous IT skills. Once they 
took the course, they answered a final test to evaluate the knowedge adquired. In order to analyze the 
learning outcomes, we have compared the results obtained by the students in the initial and final test. 

The initial test is simple, so the starting note was high, a 7.4 and, therefore, the possible improvement 
margin was only 2.6 points. However, in the final test, a mean score of 8.4 was achieved, which 
represents an improvement of one point compared to the initial mean. 

Fig. 3 shows, for each degree, the mean score obtained by the students in the initial and final tests. 
There is an improvement in the results in all the degrees, except in the Industrial Organizational 
Engineering degree. In Table 4 we can see that this degree is also the one that obtains worse success 
rate and performance, which leads us to consider the possibility that these results can be more related 
to some problem in the implementation of the course than with course content. In any case, we can 
see in Table 4 that this is the degree in which fewer students have taken the course and that the 
sample is not sufficiently representative to derive conclusions. 

 
Figure 3. Comparison of the mean score between the initial and final tests of each degree. 

3.3 Degree of satisfaction 
The students also assessed, in the satisfaction questionary, different aspects about the course. In 
particular, they were asked about: 

− the achievement of the course goals 
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− the explanations given in the different themes 
− the tutorials included in the course 
− ease of browsing the course 
− the degree of satisfaction with the attention received during the course 

The students again valued these aspects on a scale from 0 (very bad) to 5 (very good). Fig. 4 shows 
the obtained results. Fig. 4(a) shows that the bar chart is skewed to the left, which shows that the 
degree of satisfaction of students with the course is quite high. This fact is also shown in Fig. 4(b), 
since, in every question, at least 65% of the students responded with a value of 4 or 5. Besides, in 
every question, at most 12% of the students chose a value of 0, 1 or 2. 

 
(a) 

 
(b) 

Figure 4. Assessment of the course realization: (a) bar charts, (b) 100% stacked bar charts. 

4 CONCLUSIONS 
In summary, we make a highly positive assessment of our experience, since university training in 
Digital Competence is a need stated by authors [22] [23] and requested by the students [24]. Besides, 
our course is offered at a key moment for the students, the beginning of the university studies, which 
will be an important aid in the performance of their university academic activity. In addition, this 
training, included in a first-year course, is perfectly integrated in the curriculum of the student; the 
collaboration of the university library with teachers is fundamental for the development of digital 
competence. 

The experience we have carried out has an important road ahead with relevant objectives to achieve. 
We plan to complete the contents of our online course to cover more and more digital competences of 
DigComp 2.0, always aiming to make use of technology in an efficient, responsible and secure way, 
developing technical competences and also cognitive and intellectual skills (applied to problem 
solving). In short, the ultimate goal is to prepare the university student to participate effectively in the 
current Information Society [25]. 
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