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Abstract - Technology is all around us in our daily lives,
in mobile phones, televisions, computers, and smart devices.
Teachers need to incorporate digital tools into their lessons
and perform other activities to develop digital competence.
There are three key competences that have been identified
by the European Union (2019), and we believe there is an
opportunity to address them in physics teacher education
programs. These are mathematical competence, competence
in science, technology and engineering, and digital
competence. One of the important issues is experimental
work in physics education, especially when we look at
specific subgroups of students. For example, an ongoing
challenge for teachers is to combine experimental activities
with the development of different competences. We will
address the questions, what are the essential knowledge,
skills and attitudes related to digital competence, and do
physics teachers acquire them during their studies? We
focused on the inclusion of digital competence in physics
teacher studies, and we examined the description of subjects
in the physics curriculum at several faculties in Croatia and
in Slovenia.

Keywords — digital competence, educational physics study,
study subjects

. INTRODUCTION

The education of physics teachers should provide
necessary knowledge and skills in physics, as well as the
knowledge and skills for imparting knowledge to students.
We are living in a time of rapid change, and after
completing their education, teachers should have a basis
for their work to build on through lifelong learning. The
biggest changes are the possibilities and application of
digital technology. It is necessary for physics teachers to
acquire skills to promote the development of digital
competences in students.

According to  Tibor  Navracsics  (European
Commissioner for Education, Culture, Youth and Sport,
2014-2019), there are necessary skills for coping with
daily life, such as critical thinking, media literacy and
communication skills, while the fundamental skills for
lifelong education are digital skills, literacy, mathematics
and science. The Council of the European Union issued a
recommendation on eight key competences that should be
encouraged and developed in the education system and
continue to be developed through lifelong learning. Each
competence consists of knowledge, skills and attitudes.
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Digital competence includes the confident and
responsible use of digital technologies for learning, work,
and participation in society, as well as information and
data literacy, communication, media literacy, digital
content creation, safety, intellectual property, problem
solving, and critical thinking. [1]

Following these recommendations, teachers should
improve their level of digital competence on a daily basis.
Furthermore, acquired knowledge and skills in these
subjects, and their application in teaching, can help in
assisting students with special needs.

In Chapter 2 we present methodology. In chapter 3,
available study program documents from the University of
Osijek, Rijeka, Split, Zagreb and Maribor will be
analysed. Chapter 4 will describe the possible application
of certain digital competencies in teaching physics at
school and will give an example. The conclusion of the
work will be given in the fifth chapter.

II.  METHODOLOGY

The analysis in this paper relies on publicly available
documents. Many documents in the public domain have
been written by skilled professionals and contain valuable
information [2]. According to LeCompte and Preissle,
important considerations for document analysis include:
the  position of the researcher, choice of
informant/respondents, social situations and conditions,
analytic constructs and premises used, and methods of
data collection and analysis [2].

According [1] digital knowledge: Digital literacy
requires individuals to have an understanding of how
digital technologies can facilitate communication,
creativity, and innovation, while also being conscious of
their potential limitations, effects, and risks. This involves
having knowledge of the general principles, mechanisms,
and logic underlying evolving digital technologies, as well
as the basic functions and uses of various devices,
software, and networks. Individuals should also possess
critical thinking skills to evaluate the validity, reliability,
and the impact of information and data that is accessible
via digital means, and be mindful of the legal and ethical
principles related to engaging with digital technologies.
Digital skills enable individuals to use technology to
support their social and professional goals, including
active citizenship, social inclusion, and collaboration with
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others. These skills include the ability to use, access, filter,
evaluate, create, program and share digital content, as well
as manage and protect information, data, and digital
identities. Individuals should also be able to recognize and
engage effectively with software, devices, artificial
intelligence, and robots. Attitudes towards digital
technologies should be reflective, critical, open-minded,
and forward-looking, and include an ethical, safe, and
responsible approach.

Official documents on the description of subjects
taught in physics study programs are not standardized
between universities. Certain information is not publicly
available, so an analysis of the available documents was
performed. The parts of the documents related to the
development of digital competences are general. The
assumption why they are written in such a way is that
digital technology is developing very quickly, while the
process of changes in course descriptions is much slower.

I1l.  ANALYSIS OF STUDY PROGRAMS IN CROATIA AND
SLOVENIA

We analyzed the available documents of study
programs for physics teachers in five universities in
Croatia and in one in Slovenia: the University of Osijek,
the University of Rijeka, the University of Split, the
University of Zagreb and the University of Maribor.
Students at these institutions can choose elective courses
in which they acquire additional digital competences, but
they will not be covered in this paper, since all students
are not required to take those courses.

A. University of Osijek

At the University of Osijek, students can enroll in an
undergraduate course in physics and after three years, a
graduate course, to become a teacher of physics and
computer science. Course descriptions for undergraduate
studies can be found at [3] and for graduate studies at [4].
The graduate study of physics and information science has
more subjects in the area of information science, and
students are provided instruction in digital competences.

In the first semester of undergraduate study, students
take Basics of Information Science, and Text Processing
and Spreadsheets, in which they acquire knowledge about
programming tools that will help them to continue their
studies and professional development. In the second
semester, they take Basics of Programming 1, in which
they learn basic concepts of programming and software
development. In the third semester, they take
Programming Basics 2, a continuation of the course from
the previous semester, and Practicum in Physics Basics 1,
in which, in addition to acquiring experimental skills, they
process the results using a computer. In the fourth
semester, they take Practicum in the Basics of Physics 2, a
continuation of the course from the previous semester,
except that the experiments are in a different area of
physics. In the fifth semester, the descriptions of
compulsory courses do not explicitly state the
development of digital competences. In the sixth semester,
they take the Computer Physics course, with the goal of
developing skills solving physical problems numerically
in Python.
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In the first semester of graduate study, students take
the Practicum in Experimental Teaching of Physics 1, in
which they acquire skills in conducting experiments
adapted for teaching in primary and secondary schools
using different devices and computers. In Statistical Data
Processing Using Computers, they expand their
knowledge of statistics. In the second semester they take
the Practical Course in Experimental Teaching of Physics
Il, a continuation of the course from the previous
semester. In the third semester, they take Computer
Science Teaching Methodology, in which they acquire
digital competences for computer science teaching, and
Project Management, in which they acquire and apply
digital competences for the creation and implementation
of projects. In the fourth semester, there is a Practicum in
Computer Science Teaching Methodology, in which the
acquisition of digital competences is focused on computer
science teaching, but it can also be applied to physics
teaching with modification.

B. University of Rijeka

At the University of Rijeka, students can enroll in an
undergraduate course in physics, and after completing
three years, they can take a graduate course to become a
teacher of physics and computer science or a course to
become a teacher of physics and mathematics. Course
descriptions for undergraduate studies can be found at [5]
and for graduate studies at [6] and [7]. In our analysis of
graduate studies, we will concentrate on joint courses. The
graduate study of physics and information science
provides students with formal knowledge in the field of
digital competences.

In the first semester of undergraduate studies, students
take Programming. In the second semester they take
Experimental Data Processing in Physics, in which they
acquire and apply digital competences. In the third
semester, they take Physical Practicum I, in which they
acquire  experimental  skills, and apply digital
competences. In the fourth semester they take Physical
Practicum Il, a continuation of the course from the
previous semester. In the fifth semester they take Physical
Practicum Ill, a continuation of the course from the
previous semesters. In the sixth semester, they take
Physical Practicum V.

In the first semester of graduate study, students take

the courses Methodical Practical Demonstration
Experiments in Physics, Didactics 2, and General
Pedagogy, in which they acquire advanced digital
competences. In the second semester, they take

Methodological Practicum of Laboratory Experiments in
Physics, in which they learn to use and analyze
educational films in physics classes; the titles of the
exercises are written, but there is no information on how
they are carried out. In the third semester they take
Physics Teaching Methodology I, in which they learn
information and communication technology (ICT) in
physics teaching. In the fourth semester, Methodical
Practice in Physics provides competences for connecting
professional knowledge in physics with pedagogical
knowledge and modern teaching technologies (ICT).
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C. University of Split

At the University of Split, prospective students in the
Faculty of Science and Mathematics can enroll in the
undergraduate study of physics and undergraduate study
of physics and mathematics (teaching). After completing
the first cycle, they can enroll in graduate studies in
physics (teaching), physics and information sciences
(teaching), and physics and mathematics (teaching). In our
analysis, we concentrated on the physics major because
there was not enough publicly available information on
the physics and mathematics majors (for teachers). At the
graduate level in physics and information science (for
teachers), students acquire more digital competences
through formal education. We focused on the common
subjects that all majors share. Unlike other universities,
the subject descriptions at the University of Split explicitly
state what percentage of e-learning is represented in which
subject. This analysis does not pay much attention to it
because there is no explanation of what it entails. E-
learning can be merely a different form of work that does
not necessarily result in the development of digital
competences.

In the first semester, both majors offer textual and
graphic programs for physicists, in which the main goal is
to enable students to use Gnuplot and LaTeX in order to
successfully continue their educations [8]. Physics
students attend the course Programming in the Profession,
in which the goal is to learn the basics of programming
that they will need in their further education and work [9].
In the undergraduate teacher training program in physics
and mathematics, this subject is offered in the fifth
semester. In the second semester, students take the course
Programming Tools in Physics, with the goal of learning
different programming tools that can be applied to
concrete examples [10]. In the third semester, the
compulsory courses do not explicitly mention the
development of digital skills [11]. In the fourth semester,
students apply digital skills in the course Practicum in
General Physics Il, which is a continuation of the course
from the previous semester [12]. In the fifth semester, they
take a continuation of the course Practicum in General
Physics 11l [13] and apply the acquired digital
competences in the course Mathematical Methods of
Physics Il [14]. In the sixth semester, they also have a
continuation of the General Physics Practical IV course
[15].

In the first semester of graduate studies in all majors,
none of the courses explicitly states that they develop
digital skills. There are courses in the physics and
information science teaching program where digital skills
are developed, but these are related to the narrower field
of information science. In the second semester, all
students attend the Physics Teaching Methodology course
in which they acquire digital competences [16]. In the
third semester, certain subjects are compulsory in some
programs, while in others they are optional. These include
E-learning Systems [17] and Physics Teaching
Methodology Il [18]. In the fourth semester, the courses
are partly conducted in schools and, depending on the
mentors in the classrooms, students acquire and develop
digital skills. They are not described in detail in the
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subject descriptions because many factors affect the
amount and type of digital competences [19] [20].

D. University of Zagreb

At the University of Zagreb, Faculty of Science and
Mathematics, students can enroll in four combinations of
majors for physics teachers. These are Teaching Physics,
Teaching Physics and Information Science, Teaching
Physics and Chemistry, and Teaching Physics and
Mathematics. Each major lasts five years. The description
of the course for Teaching Physics and Mathematics is not
publicly available, so we omitted it from this article. The
Physics and Information Science Teaching Major has
more information science subjects, which is self-
explanatory, and thus students acquire and develop more
digital competences through their formal education. In the
first three years of study in all majors, there is a greater
emphasis on general subjects in physics, while in the last
two years, knowledge and skills are acquired in pedagogy,
psychology, didactics, and physics methodology. We will
concentrate on subjects that all majors have in common to
gain insight into what competences a physics teacher
acquires. Certain subjects require writing a seminar paper
or a similar work in which general critical thinking and the
use of digital technology for creation and presentation are
encouraged. Some courses mention e-learning, which is a
form of teaching that is carried out and does not
necessarily have to be for the development of
competences, which is why it is not emphasized in our
study.

In the first semester of the Physics major and the
Physics and Information Science major, students take the
course Word Processing and Spread Sheets, in which they
learn the basics of LaTeX, MS Word and Excel in order to
successfully continue their studies and future work at
school [21]. The Physics and Chemistry teaching major
does not have such a course. In the second semester,
students in the programs of Pedagogy of Physics and
Chemistry take the subject Computers and Operating
Systems, in which they theoretically and practically learn
about computers and programs [22]. The Physics and
Information Science Teaching major offers a more
specialized course called Fundamentals of Programming.
All three majors offer the subject Fundamentals of Physics
Measurements, in which they use the computer programs
Excel, Statistica and Qplot to apply acquired theoretical
knowledge to processing experimental data, as well as the
results of student work [23].

In the third semester of the teacher's course in Physics
and Information Science, students take professional
subjects in the field of information science in which
digital competences are developed. The Physics major
offers the subject Computing Lab 1, in which students
improve practical competences, connecting physics with
information technology [24]. The teaching department of
physics and the teaching department of Physics and
Chemistry offer Physics Lab 1, in which students develop
experimental skills in conducting experiments in physics,
as well as digital competences. Students use programs for
statistical analysis and to display numerical and graphical
results. In the fourth semester, there are no explicitly
stated outcomes of the development of digital
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competences in the physics and chemistry teachers’
course, but the Physics and Information Science teachers’
program offers professional courses in the field of
information science. The Department of Physics offers
Computing Lab 2, [25] and Physics Lab 2, which continue
the subjects from the previous semester, including
exercises from other areas of physics [26].

In the fifth semester, students majoring in Physics and
Information Science have professional courses in
information science, as well as Physics Lab 1, which
develops their digital competences. Physics Lab 1 is the
same subject taken by students of the teachers’ course in
Physics in the third semester. For the teaching major of
Physics and Chemistry, the outcomes that would develop
digital skills in the fifth semester are not explicitly stated.
In the fifth semester, physics students take Physics Lab 3
in which they apply their acquired digital knowledge and
skills [27]. In the sixth semester, students majoring in
Physics take Physics Lab 4, but unfortunately there is no
publicly available course description. The Fundamentals
of Electronics course mentions the outcome related to the
use of computers and different sensors in physics
experiments [28]. Physics and chemistry teaching students
and physics and information science teaching students
take the subject Physics Lab 2, which was previously
described.

In the seventh semester, all teaching majors have
Laboratory in Physics Education 1, in which they learn to
perform experiments properly and use digital technology
[29]. In the eighth semester, all teaching majors take
Laboratory in Physics Education 2, which is a
continuation of the course from the previous semester,
except that there are exercises from other areas of physics
[30]. The Physics and Information Science teaching major
offers Fundamentals of Electronics, which was previously
described. It also offers Computers in Education, which
develops digital competences according to the stated
outcomes [31]. In the ninth semester, all teaching majors
take the subject Teaching Practice in Physics 1, in which
students go to practice at schools; the description of the
subject is very general, so digital competences cannot be
explicitly read [32]. Physics teachers take another subject,
Laboratory in Physics Education 3, in which they acquire
additional digital competences [33]. In the tenth semester,
all majors take the Course Teaching Practice in Physics 2,
a continuation of the course from the previous semester
[34].

E. University of Maribor

At the University of Maribor, prospective students
can choose different combinations of teaching majors. In
this paper, we will deal with the subjects that students of
the teaching major in physics must pass. The entire study
program lasts five years. In almost every study subject,
teaching methods include the use of information
technology, so this will not be emphasized in the text
because it is not explained for each subject how it is used.

In the first semester, students attend Computational
Physics, about the construction and operation of
computers, and learn the knowledge and skills they need
for further education and work [35]. Also, students take
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Mechanics, in which they have laboratory exercises
where they learn and acquire digital competences [36]. In
the second semester, students attend Physics Experiments
1, where they analyze data using a computer and use
computer simulations in class [37]. In the third semester,
they attend the continuation of the course from the
previous semester, Physics Experiments 2, in which they
continue to develop their digital competences [38]. In the
fourth semester, Physics Experiments 3 continues, in
which they continue to develop their digital competences
[39]. In Thermodynamics, students acquire the skills to
use modern computer software for quantitative
calculations and plotting dependencies among variables
with varying parameters [40].

In the fifth semester, students attend Physics
Experiments 4, in which they continue to develop digital
competences [41]. In Didactics of Physics 1 with
Practicum, they acquire digital competences with an
emphasis on quality in teaching [42]. In the sixth
semester, students in Didactics of Astronomy connect
astronomy and digital technology, thereby developing
their digital competences [43]. In the seventh semester,
they take Didactics of Physics 2 with Practicum, a
continuation of the course from the fifth semester, and
learn and apply digital technology in other areas [44]. In
Measurements in Physics, they process data and use
digital ~ technology, further  developing digital
competences [45]. In the eighth semester, they attend
Astronomical Observations, in which they use
astronomical computer programs and digitally process
data, improving their digital skills [46]. In the ninth
semester, they take subjects in which they use digital
technology, but it is not explicitly written in what way. In
the tenth semester, students write a graduation thesis and
take electives that they choose according to their own
preferences.

In the table 1. we present the results of the study
program analysis, where the number of shaded squares
represents the number of courses in that semester with
explicitly written digital competences in their course
descriptions. Elective courses were not taken into
consideration.

TABLE I.

PRESENTATION OF THE NUMBER OF COURSES THAT USE
DIGITAL TECHNOLOGIES

Split

Zagreb H Maribor

IV. THE FUTURE OF THE APPLICATION OF DIGITAL
COMPETENCES IN PHYSICS TEACHING

By properly including and using digital technologies in
physics classes, students' digital competences can be
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improved. The example chosen for this paper is the
introduction of total resistance when resistors are
connected in series. [47]

First, the teacher connects two resistors in series and
measures the voltage across those two resistors and the
current, then connects three resistors and measures the
current and voltage (Figure 1.). If the school equipment
allows, it would be even better if the students connect the
circuits themselves. When the students have seen a certain
regularity, the computer can be included in the
experiment. The two previously described circuits are
reconnected, but now a computer is used (Figure 2). Phet's
simulation can be used to further improve students' digital
competences by repeating the entire process (Figure 3.)
[48]. Also, additional combinations can be made in the
simulation.

Figure 1. The image on the left shows two resistors connected in
series. The picture on the right shows three resistors connected in series.
The voltage and current in the circuit are measured using an ammeter
and a voltmeter.

Figure 2. The image on the left shows two resistors connected in
series. The picture on the right shows three resistors connected in series.
This experimental setup includes sensors that are connected to a
computer.

Figure 3. The picture shows the circuit simulated in Phet's simulation
[48]

Physics teaching should rely on experiments carried
out by the teacher in cooperation with the students. The
experiment as a starting point for the study of any teaching
material can be modernized by using computers, and
sometimes simulations. Research [49] shows that half of
Croatian secondary school teachers do not have adequate
digital competences and that the attitudes and educational
values, computer anxiety, self-efficacy etc. are related to
the perceived Croatian secondary school teachers'
intention to use e-learning technologies in their teaching
after the COVID-19 pandemic.

V. CONCLUSION

During their formal education, students of the physical
sciences acquire digital competences that they can apply
in their future work as teachers. Because of recent rapid
changes in the digital sciences, it is very important that
teachers continue with further education in order to better
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attain and transfer digital competences to students. Further
research is needed in order to gain insight into the quality
of the acquired digital competences needed in today’s
schools. Future research should try to incorporate study
programs from many nations in order to acquire a more
thorough grasp of digital skills across various educational
systems. Even if the present examination of the
descriptions of the available physics study programs
yielded useful insights, including interviews with the
course instructors and polling the students could provide
other viewpoaints.
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