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INTRODUCTION

In the modern world, societies that want to live in peace and affluence must adapt to the demands
of the age in which they live. It has taken centuries. In fact, societies that meet the demands of the
industrial revolution lead the world in science and technology, especially in economics, while societies
that cannot adapt to these developments lag. Industry and urbanization gained momentum in the period
that began with the use of water and steam instead of human labor in production. The industrial
revolution improved production possibilities, and this led to changes and needs in consumption. The
emerging new needs have led to new technologies, and new technologies have led to the further
development of industry and industrial revolutions (Yener, 2022). Especially with Industry 4.0
(Schwab, 2016), artificial intelligence and robotic technologies have been widely used in production.
This situation pushes societies toward innovation and development.

The concept of digital competency is one of the priority agenda items in developed countries
(Homaki et al., 2016; Pettersson, 2018). With the fourth industrial revolution, digital competencies have
been identified as a basic competency (Choi, 2018). These competencies are effectively involved in
accessing, evaluating, producing, and sharing information using digital technologies. In today’s world,
individuals who are not at the desired level of digital competence have problems adapting to society.
Moreover, societies with low levels of digital literacy lag with regard to economic competition and
other social aspects (Bejakovic & Mrnjavac, 2020). Digital competencies are essential for success and
social development in today’s rapidly evolving world. Thus, the development of digital skills by
individuals is vital for the future of societies.

Digital literacy and digital competence are often used synonymously (Godhe, 2019; Pettersson,
2018; Sanchez-Caballé et al., 2020). Digital literacy includes individuals’ ability to acquire, evaluate,
use, and share information in digital environments (Fraillon et al., 2019). Digital literacies can be
categorized as digital literacies, media literacies, and information literacies (Coiro et al., 2014; Fraillon
et al., 2019). On the other hand, digital competency is often associated with education and includes
individuals’ ability to learn, work, communicate, entertain, and perform other activities throughout life
using digital technologies effectively. Digital competence is not only about IT skills but also about the
ability to use, manage, and solve problems with technology effectively (Falloon, 2020; Temte, 2013).
To summarize, digital literacy encompasses the processes individuals use to access, understand, and
evaluate information in digital environments, while digital competence involves the effective use and
management of technology in a broader context (European Commission, 2013; Fraillon et al., 2019).

There are many projects, initiatives, and protocols to develop digital competencies. Some
examples include the European Digital Skills Framework (DigComp, DigComp 2.0, and DigComp 2.1),
the Digital Skills Framework for Educators (DigCompEdu) (European Commission, 2013; 2017), and
the UNESCO Information and Communication Technologies Skills Framework for Educators
(UNESCO, 2018). Additionally, specific projects such as Microsoft’s "Microsoft Education" program,
which provides access to technology in education; Intel’s "Intel Teach" program, developed to support
the use of technology in education; and Google’s "Google for Education" program, where Google
provides digital competency training for educators, are among other examples of digital competency
initiatives.

The European Commission (2017) launched a "Digital Education Action Plan™ to support using
technology and developing digital competency in education. It contains measures to help EU Member
States meet education challenges in the digital age. Figure 1 shows digital education in schools in
Europe.
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Figure 1. Digital Education at Schools in Europe (Eurydice, 2019)

Most European education systems recognize digital competencies as a basic requirement in their
teacher qualification frameworks. Countries such as Spain, Croatia, and Lithuania have developed
specific frameworks for teacher digital competencies. Estonia and Ireland have frameworks for only
basic competencies. The teaching qualification frameworks in the Czech Republic, Portugal, Bosnia and
Herzegovina, and Switzerland do not yet cover digital competencies (Eurydice, 2019).

The development of digital competency in the education system is a crucial issue for the future of
society (Redecker et al., 2017). Educational programs and technology-enhanced learning methods
develop these skills and competencies (Sang et al., 2010). IT education is believed to have an important
place in developing these competencies. This is because the information technologies course allows
students to learn using technological tools and devices. An IT course aims to increase students’ skills
and knowledge in the use of technology (Ertmer & Ottenbreit-Leftwich, 2010). IT courses also enable
students to adapt to the evolving technological world’s demands and use technology creatively (Ertmer
& Ottenbreit-Leftwich, 2010; Sang et al., 2010). IT courses emphasize that digital competencies are not
limited to technical skills but include digital citizenship, ethics, security, and privacy (Fraillon et al.,
2014; Ribble et al., 2004; Ohler, 2011).

Examining the literature reveals that there are several research on digital competence. The studies
are often aimed at determining the level of digital competence (Barri, 2020; Cote & Milliner, 2018;
Kuzminska, 2018). Spiteri and Chang Rundgren (2017) conducted a study in Malta, and the results
showed that teachers’ digital competence was low. Contrary to this study, another study by Karakus and
Ocak (2019) concluded that pre-service teachers’ digital competencies were high. In another study, it
was found that digital competencies were at medium levels (Dias-Trindade & Moreira, 2020). On the
other hand, some studies have examined the concept of digital competencies according to variables such
as gender and seniority (Goswami & Dutta, 2015; Karakus & Ocak, 2019; Keskin & Yazar, 2015;
Keskin, 2016). However, experimental studies on digital competencies are limited (Cebi & Reisoglu,
2019).

Teachers play a critical role in the development of digital competencies (Cavanaugh et al., 2011;
Ertmer & Ottenbreit-Leftwich, 2010). Teachers need to model the use of technology for students and
teach them according to the demands of the digital age. Research shows that teachers’ strengths in
technology are used to increase students’ motivation, sense of self-efficacy, and digital competencies
(Ertmer & Ottenbreit-Leftwich, 2010). Therefore, developing teachers’ digital competence and using
technology in teacher education programs will contribute to developing students’ technological
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competence (Pettersson, 2018). This study investigated the effect of information technologies in science
education (ITSE), structured by science courses, on the digital competence of pre-service teachers.
Since the course content was structured according to the science course, this study differs from many
studies in the literature. The aim of this study is to determine the effect of IT courses taken by university
students on their digital competencies. In this context, the difference between the digital competence
scores of the students before and after the IT course was examined.

METHOD

Research Design

The study used one of the weak experimental designs, the one-group pre-test-post-test design. It
tests the significant difference between the pre-test and post-test scores of one group (Fraenkel et al.,
2012). This method involves applying an independent variable to a random group and administering
pre-test and post-test measures before the experiment (Karasar, 2013).

Table 1. Research model

Group Pre-Test Procedures Post-test
G Tl.l X T1.2
Digital Competencies ITSE Procedures Digital
Scale Competencies Scale

The study’s dependent variable is the students’ Digital Competencies Scale scores. The
independent variable is the ITSE implemented for 14 weeks.

Study Group

The research study group comprised 24 pre-service teachers who took the ITSE course in the
Department of Science Education at the Faculty of Education. Nineteen were women and five were
men. Students’ demographics are shown in Table 2.

Table 2. Demographic information about the study group

f %

| have already taken an information Y S 19 79.2
technologies course No 5 20.8
| know something about digital Yes 16 66.7
competency No 8 33.3

Anatolian high school 19 79.2
Graduated school type Science high school 2 8.3

Vocational high school 3 125

Yes 16 66.7
I have a computer

No 8 33.3

Yes 21 87.5
I have internet access

No 3 125

Very little 5 20.8
Interest levels in technology Middle 11 45.8

Too much 8 33.4
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Table 2 shows that they had previous experience with an IT course (f=19; 79.2%). Most of them
have heard of terms such as digital and technological competency (f=16; 66.7%). Anatolian high
schools are an exception regarding the type of school graduates (f=19; 79.2%). All pre-service teachers
have smartphones. 87.5% have Internet access, and 66.7% have a computer.

Data Collection Tools
Personal Information Form

Researchers developed the “Personal Information Form” to collect study group personal
information. The form includes questions such as gender, school of graduation, etc.

Digital Competences Scale

The Digital Competences Scale was developed by Lopez-Meneses et al. (2013). It is based on the
Basic Digital Competencies of University Students 2.0 (COBADI®) scale and the European Commission’s
Digital Competence (DigCom) framework (Adanir & Giilbahar, 2022). The original scale consisted of 4
factors and 31 items. Adanir and Giilbahar (2022) adapted the scale into Turkish. The adapted scale consisted
of five factors and 29 items. Factor 1 was named "digital content development”, factor 2 “information and
data literacy", factor 3 "communication", factor 4 "virtual tools and social communication at the university",
and factor 5 "problem solving". Cronbach's alpha was calculated to be .907).

Data Collection and Analysis

Research data were collected through electronic forms in the fall semester of 2022-2023. Descriptive
analysis and paired sample t-tests were used. A descriptive statistical analysis was conducted to obtain a
picture of the data. The paired sample t-test was used to determine the effect of the experimental procedure.
All statistical analyses used a 0.05 significance level.

Procedures

The research was conducted in the fall semester of 2022—-2023 in the ITSE course. The researcher
conducted this course. The course "Information Technologies in Science Education™ is 3 hours per
week. The duration of the experimental procedures was 14 weeks. The pre-test was conducted in the
first week, and the post-test in the last week. The experimental implementation was conducted in a
computer lab with 30 desktop computers connected to the Internet and a projector. All research
activities occurred in this lab. In the first week, the students received information about the research to
conduct, the content and scope of the study, and the issues to consider during the study. Then, the pre-
tests were done online.

The course is structured to maximize the benefits for pre-service teachers. The course includes
Microsoft Word, Microsoft PowerPoint, and Microsoft Excel programs that pre-service teachers
frequently use in their education and professional lives. The basic features of these programs have been
explained to pre-service teachers. All examples and applications were designed to cover science
education. The last 30 minutes of the lessons were dedicated to Web 2.0 applications that would be
useful in professional life. The Web 2.0 applications introduced are: 1. Kahoot, 2. Canva, 3. Tinkercad,
4. Mindmeister, 5. Onedrive, 6. Padlet, 7. Wordart, Classdojo, 8., 9. Wix, 10. Aurasma, 11. Scratch, and
12. Google Forms. All pre-service teachers had the opportunity to create sample applications.

In the 14th week, the experimental procedures were completed by conducting post-tests.

RESULTS

In this study, the data were tested for normality before analysis. The analysis was performed for
the whole scale and its sub-factors. Table 3 shows the results of the descriptive statistics for the pre-test
and post-test scores of the experimental group.
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Table 3. Descriptive analysis results of the students’ scores on the Digital Competences Scale

Factors N Min Max X Sd S-wW
Digital Content Development 24 10 23 15.04 3.90 0.06
Information and Data Literacy 24 19 36 28 5.33 0.26
Contact 24 4 11 7 2.10 0.06
The University’s Virtual Tools and Social 24 6 15 10.33 2.35 0.41

.~ Communication

& Problem Solving 24 4 12 7.92 1.86 0.17

o

o Total 24 52 90 68.04 11.04 0.24
Digital Content Development 24 11 26 19 3.96 0.32
Information and Data Literacy 24 10 40 31.67 5.16 0.56
Contact 24 6 11 7.46 1.69 0.05

§ The University’s Virtual Tools and Social 24 4 15 10.54 2.87 0.11

£ Communication

& Problem Solving 24 5 11 7.92 161 0.29
Total 24 56 94 77.58 9.92 0.46

The pre-test and post-test scores are both within acceptable normalcy ranges (Table 3). As a
result, a paired sample t-test was performed to evaluate whether there was a significant link between the
experimental group's pre-test and post-test results. These findings are shown in Table 4.

Tablo 4. t-test results of pre-test and post-test mean scores on the digital competences scale

Factors N X Sd df t p
ioi Pre-test 24 15.0 3.9
Digital Content Development 23 3.872 <0.001
Post-test 24 19.0 3.9
i i Pre-test 24 28.0 5.3
Information and Data Literacy 23 3177 0.00
Post-test 24 31.6 5.1
Pre-test 24 7.0 2.1
Contact 23 -2.676 0.01
Post-test 24 8.4 1.6
i itv’ ; Pre-test 24 10.3 2.3
The_ University s ertual Tools and 23 -0.426 067
Social Communication Post-test 24 105 28
) Pre-test 24 7.9 1.8
Problem Solving 23 0.000 1.00
Post-test 24 7.9 1.6
Pre-test 24 68.0 11
Total 23 -5.000 <0.001
Post-test 24 77.5 9.9

(p<0.05)

Table 3 shows that there is a significant difference in favour of the post-test between the averages
of the experimental group's pre-test and post-test total scores (t(23)=-5.000; p<0.05). The mean score of
the students before the experimental procedures were calculated as X = 68; after the experimental
procedures, it was calculated as X = 77.5. This result can be considered that the course positively
impacted students’ digital competency.

Considering the factors, t-test results for the digital content development (t(23)=-3.872; p<0.05),
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information and data literacy (t(23)=-3.177; p<0.05), and contact (t(23)=-2.676) show that there is a
significant difference between the pre-test and post-test mean scores in favor of the post-test. However,
no significant difference was found between the pre-test and post-test mean scores in the problem
solving (t(23)=-0.000; p>0.05) and virtual tools, and social communication of the university (t(23)=-
0.426; p<0.05).

DISCUSSION

Digital competencies are recognized as essential competencies for teachers. It has been observed
that teachers’ classroom practices and professional approaches change depending on their level of
digital competence (Moltudal et al., 2019). Teachers’ digital competence levels significantly influence
students’ digital competence development (Krumsvik, 2008; Ovcharuk, 2020). Although digital
competencies are still a new concept, they are considered a basic skill for future generations (Toker et
al., 2021). In fact, many developed countries have defined digital competencies as one of the basic
competencies for the future (Sefton-Green et al., 2009).

As can be seen, the findings of research on digital competencies are highly disparate. In some
studies, the level of digital competence of individuals is high (Benali et al., 2018; Sciumbata, 2020). In
some, it is medium (Cebi & Reisoglu, 2020; Dias-Trindade & Moreira, 2020), and in some, it is low
(Komsu, 2017; Spiteri & Chang Rundgren, 2017). This may be due to the differences in methodology,
sample groups, and geographical locations of the studies. Furthermore, studies are generally seen as
survey models (Ghomi & Redecker, 2019; Sciumbata, 2020).

Teachers have a critical role in transferring digital competencies to future generations. For this
reason, improving teachers’ digital competency skills is essential for the well-being of societies. This
study implemented a 14-week training program to increase pre-service teachers’ digital competencies.
The training program significantly improved the students’ average digital competency scores. Studies
with similar results can be found in the literature. A study by Cebi and Reisoglu (2019) investigated the
effect of a digital competence training program. As part of the study, pre-service teachers’ pre- and
post-training situations in computer education, instructional technology, and other fields were also
compared. The study found generally positive results.

Studies on digital competencies have been conducted with students (Calatayud et al., 2018;
Escario et al., 2017) and teachers (Ghomi & Redecker, 2019; Kozuh et al., 2021). A study of students at
the University of Zaragoza found a 1-point increase between the pre-test and post-test (Escario et al.,
2017). Kozuh et al. (2021) found similar results in a study with 500 Serbian primary and secondary
teachers. In his research, Ergiil (2019) applied a digital competence learning module integrated into the
field of statistics. The study results showed that the module positively affected the students.

The factors were analyzed separately, following the research objectives. While digital content
development, information, and data literacy increased significantly, virtual tools and university social
communication and problem-solving factors did not significantly increase. Ramirez-Montoya et al.
(2017) state that practices related to increasing digital competence improve information and data
literacy. Cebi and Reisoglu (2019) state that competency training is effective in creating digital content.
Serbec et al.’s (2016) study in Macedonia found similar results in problem-solving factors. In another
study, the mean scores were quite low before experimental problem solving, knowledge, and content-
creation procedures. After the training, all the mean values were higher than those at the beginning of
the course (Calatayud et al., 2018). In contrast to this study, another study found a significant
improvement in problem solving (Cebi & Reisoglu, 2019).

A review of the literature reveals that there is a limited amount of experimental research on the digital
competencies of teachers or pre-service teachers. The researchers state that there is a need for experimental
studies on developing the digital competencies of pre-service teachers (Ramirez-Montoya et al., 2017;
Rokenes & Krumsvik, 2016). These studies can be a guide for teachers in the development of their digital
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competencies appropriately and effectively. Furthermore, increasing the number of experimental studies on
teachers’ digital competencies is also essential for the education system to keep pace with technological
developments.

CONCLUSION

The purpose of the study was to investigate the impact of an information technology course
structured for science education on digital competencies. The study used a one-group, pretest-posttest
experimental design, and the sample consisted of 24 pre-service teachers who had taken the course.

The results of the study indicated that the IT course had a significant impact on the development
of digital competencies among pre-service teachers. When considering the different sub-factors of
digital competencies, significance was found in favor of the post-test in all factors except problem
solving. This indicates that the course was effective in the development of digital competencies among
pre-service teachers in areas such as communication, collaboration, and digital content creation.

The mean scores of the post-test indicated that the pre-service teachers had a high level of digital
competencies, indicating that the course had a strong positive impact. It is noteworthy that there are few
experimental studies in this area, indicating the need for further research on the effectiveness of similar
courses in improving pre-service teachers' digital competencies.

Limitations and Future Research

This study has been done with 24 participants. Other studies can be done with larger groups,
including experimental and control groups, and comparing the results. More comprehensive evaluations
can be conducted by including qualitative research. Digital literacy activities for pre-service teachers
can be developed. The current study can be replicated in a variety of settings, and the results can be
subject to comparison. A variety of experimental studies can be carried out to increase the digital
literacy of pre-service teachers.
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