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Abstract: - The level of students’ professional education can be increased through motivation. This study aims
to determine the role of digital technologies in increasing students’ involvement in the educational process. The
aim of the work was achieved by conducting a pedagogical experiment before and after training, a general
theoretical method of observation, and a sociological survey. The efficiency ratio, the comparison coefficient,
and the standard deviation coefficient were also calculated. The results showed that the highest level of
motivation was achieved due to the perception of the general learning process (29%), and the development of
creative skills (25%). It was established that digital technologies had a greater influence on knowledge of laws
and methods of practical application of theoretical information (0.96). High results are associated with a variety
of interactive technologies that were used during training. It was found that motivation in training influenced
the in-depth study of the topic (1.6), and the search for new digital technologies for training (1.2). The use of
non-standard approaches in education (1.5), structuring of material when doing homework (1.1), and
participation in university knowledge contests (1.8) also had an impact. The academic novelty of the work
consists in increasing the interest of future teachers in the educational process due to the combination of various
digital technologies, which are aimed at the development of theoretical and practical skills, as well as creative
thinking. The practical significance is the creation of new learning mechanisms (development of creative
thinking using Emaze, and Storyjumper applications) for the development of student motivation using digital
technologies. The prospects for further research may be related to the comparison of the achieved level of
motivation among students and schoolchildren because of using the developed approaches to learning.
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1 Introduction

The search for approaches to the development of the
educational process is related to setting goals to
increase the effectiveness of education, the
development of state programs, and the expansion
of professional knowledge. The improvement of
new approaches can relate to the use of digital
technologies, which ensure the improvement of the
organization of training, and the delivery of high-
quality educational material. It also affects the use
of non-standard approaches to the educational
process, [1]. Such advantages contribute to ensuring
students’ learning motivation, which will later be
reflected in their performance level. The identified
advantages of digital technologies emphasize the
relevance of the issue under research.

Digital technologies represent a system that is
based on methods of coding and information
transmission, which contributes to the universality
of assignments in the shortest possible time, [2].
Digital technologies are common tools in education,
which can be represented by various multimedia,
interactive programs. Digital technologies have
influenced a change in approaches to learning,
which has contributed to greater access to a variety
of information, [3]. Digital technologies also
influence greater independence of learning, thereby
expanding existing knowledge. Digital technologies
have advantages in working with a group of
students, which contributes to the expansion of
independence, and creative activity to achieve the
necessary educational goals. This approach to
learning allows for logical, consistent presentation
of information. Digital technologies help to provide
visualization of educational material, to ensure
interactivity of perception, [4]. The
multidisciplinary nature of digital technologies
allows for the study of a topic with an orientation to
different subjects, which contributes to the
combination of various aspects of learning, and the
expansion of knowledge. Students’ learning
motivation may be related to teachers’ monitoring
of current trends in education, which is associated
with the development of professional competencies,
[5]. According to other studies, [6], [7], the interest
in learning is also formed because of providing
virtual practical and laboratory assignments.
Learning occurs because of providing a visual
display of educational processes, conducting
experiments, and using unlimited approaches to
explaining complex concepts. The research
cognitive digital technologies should be used for a
better perception of information, which will
contribute to productive information assimilation,

(8].
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The use of Digital Twin is currently a common
approach to learning, which enhances active student
participation. The approach of using digital dual
technologies provides the possibility of visualizing

the physical classroom, tracking students’
performance, and their interaction with the
surrounding environment, [9]. Dual digital

technologies facilitate individualized learning of a
particular aspect of a topic through visual elements,
[10]. Virtual technologies (e-books, video materials)
facilitate the learning process. This approach makes
it possible to ensure the use of various educational
scenarios, which allows for the interactive
completion of assignments. Digital Twin facilitates
the creation of virtual classrooms, which allows for
the simulation of various situations for learning
topics of different complexity levels, [11], [12]. This
is because with the help of interactive technologies
it is possible to ensure the conduct of complex
experiments and monitor the quality of learning the
material and the performance of classes, [13].

The study of the theoretical material determined
the gaps in ensuring the organized use of digital
technologies in the educational process. The aim of
the work is related to the study of the role of digital
technologies in increasing students’ involvement in
the educational process.

The research objectives were to:

- Develop a structural model of education, which
includes the possibility of using digital technologies
in the educational process;

- Determine the element of training that had the
greatest impact on the development of motivation;

- Determine the overall effectiveness of training, as
well as directions of students’ educational activities
that were developed during training.

2 Literature Review

Digital technologies are important for improving the
quality of education, which has a positive effect on
students and teachers. Digital learning developed at
the fastest pace during the pandemic. However,
learning problems may be related to weak training
of teachers and, the use of necessary software. The
problems can be related to infrastructure and
administrative support, [14]. The use of digital
technologies in education enables solving complex
problems, which is associated with the development
of thinking, creativity, and communication skills.
Digital technologies contribute to the search for new
tools for structuring the educational process. This
approach also has the effect of increasing the level
of accessibility for the perception of the material,
[15]. Digital technologies are important tools that
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contribute to improving the quality of education.
The use of 3D interfaces is reflected in the
possibility of using software games, and simulated
computer laboratories. This facilitates the
visualization of learning, which improves the
practical acquisition of relevant knowledge, [16].
Digital learning management systems have become
quite common over the past 30 years. The
convenience of students’ perception of information
with the help of digital systems can affect the
creation of additional problems for teachers.
Problems may manifest themselves in understanding
the specifics of their application for the educational
process. The Canvas program provides tests to
assess students’” knowledge, [17]. Educational
programs for mobile devices enhance students’
interest in the perception of materials. The Delphi
application created automated knowledge tests for
checking actual knowledge due to the clarity of the
presentation. This program also verifies the value of
digital applications for use in the educational
process, [18].

Digital materials can influence the creation of a
learning environment using tablets and interactive
whiteboards. Multimedia applications contribute to
the improvement of students’ performance and
affect the results of testing. Interactive tests and
creative programs contribute to the greatest
motivation in learning. Digital technologies ensure
an individual style in learning, [19]. The
involvement of digital technologies in education can
contribute to the solution of existing problems
related to the structuring of various information.
Neural networks (CNN, RNN, and LSTN) are
effective methods of information recognition,
affecting the ability to solve complex problems. The
perception of information depends on the quality of
structured information and the existing level of
students’ knowledge, [20]. E-learning promotes the
development of educational environments using
information technologies and digital resources. The
process improves the learning experience, thereby
improving students’ performance. This may be
related to the use of online platforms, software,
video conferences, and mobile training programs.
The process contributes to the improvement of
educational content and enhances students’
motivation. A high level of learning can be achieved
by investing in technological infrastructure. Digital
technologies enable online exams, remote control,
interactive quizzes, and online discussions, [21].

The new educational needs can be met using
digital technologies. Metaverse facilitates the
creation of a realistic three-dimensional virtual
space that allows students to interact with various
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digital objects. This contributes to the expansion of
opportunities for the perception of educational
material, conducting experiments at different
educational levels, [22]. Digital technologies can
provide an individual approach to learning, which
facilitates adaptation to the learning of students with
different educational levels, and development of
abilities.  Digital  technologies provide an
understanding of university design. The selection of
the most favorable technologies can be implemented
with the help of thematic analysis. This approach
allows for a positive perception of the course of
study, which affects the understanding of practical
skills, [23]. Digital technologies contribute to the
conduct of relevant research in the learning process.
The use of digital technologies promotes the
formation of computational thinking, which affects
overall development. Computational thinking allows
for a flexible approach to information perception,
[24].

The results of the study showed that the articles
considered the general possibilities of using digital
technologies for education. Gaps in the research are
related to the lack of data on the development of
learning programs using digital technologies to
enhance student motivation.

3 Methods

3.1 Research Design
The first level of research was to develop a
structural model of learning for the study of
Computer Technologies. During training, it was
planned to ensure the use of digital technologies that
promote motivation in the educational process. The
choice of digital technologies provided for the
possibility of their use for individual learning, and
group online interaction. Ease of use was also
considered. The choice of digital technologies for
learning (Twiddla, Storyjumper, Emaze) involved
the initial study of their functionality, and the study
of advantages and disadvantages for the possibility
of application in the educational process. Digital
technologies for learning were selected because of
observation, which allowed the use of the Twiddla
application and a multimedia board to study the
theoretical material. The Storyjumper application
was used for the development of practical skills;
digital applications Emaze and Storyjumper were
used for the development of creative thinking. The
training lasted 4 months from February to May
2023.

The second stage of the study involved the
determination of how a separate stage of study
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affected the level of students’ motivation. The
stages of training provided for orientation to the
study of theoretical and practical material, the
development of creative skills, as well as the general
perception of the learning process. The results of
students' interest in learning information were
compared before the beginning of training and after
4 months of training. The results of students’
interest in learning were obtained by using the
sociological survey. Students had to decide which
stage of study was the most motivating in the
perception of educational information. The students
considered the approach to the study of a separate
stage, the applied digital technologies, and the
extraordinary presentation of the material. The level
of memorization of information at each stage of the
research and the possibility of its practical use were
also considered.

The third stage of the research involved an
experimental verification of the knowledge that
students acquired because of enhanced learning
motivation. The knowledge test was provided for
the presentation of the initial results and the results
obtained after training. It was planned to determine
the presence of comprehensive knowledge about
methods and ways of applying theoretical material
during the knowledge test. It was also planned to
determine knowledge of laws and methods of
practical application of theoretical information. The
knowledge test involved determining students’
overall performance during 4 months of study and
because of the exam.

The third stage of training also provided for
determining how students’ motivation affected the
educational process. The results were obtained by
monitoring students’ progress, as well as through
conducting a sociological survey among students. A
psychological social survey determined the level of
students’ motivation to ensure further education
using digital technologies. The results were obtained
using a sociological survey.

3.2 Sampling

The study involved a total of 193 students who were
studying to become Computer Science teachers to
achieve the aim of the research. The sample was
represented by students from Ternopil Volodymyr
Hnatiuk National Pedagogical University. The
sample was limited to students in 2"-3 years of
study, as first-year students did not have specialized
knowledge of the subject. The lack of knowledge
could affect the quality of the educational projects.
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3.3 Methods

The structural model of learning was developed by
using the general theoretical method of observation,
which involved the study of existing methods, [5],
[25], [26]. The observation method was used to
study the advantages and disadvantages of possible
approaches to training, which made it possible to
develop the author’s training model.

The information from students was collected
through a sociological survey. This made it possible
to obtain results regarding the learning element that
had the greatest impact on the development of
students’ motivation. A sociological survey
conducted among students determined how
motivation reflected on the student’s involvement in
the learning process. The method also contributed to
determining the level of student’s motivation to
continue the learning process using digital
technologies. The sociological survey was chosen
for the study because it enables obtaining data
among an unlimited number of people. The
sociological survey was conducted using Google
Forms, which contributed to the correctness of the
results. The sociological survey was intended to
provide data from respondents on three
questionnaires (Appendix A). Questionnaires for a
sociological survey involved answers to one
question with a different number of answer options.
The questions of the questionnaire were closed-
ended, which did not involve specifying detailed
answers and were developed directly by the authors
of the article.

To test knowledge, it was planned to calculate
the efficiency ratio, which involved comparing the
results before and after the study. The performance
during the study period and the performance
obtained as a result of the exam were included in the
calculation. The calculation formula was developed
by the authors of the article, which excluded
orientation to existing calculations.

Kp—Kc
=-2= 1

o D
K, — the obtained performance for a separate
indicator of knowledge; k. — the level of complexity
of information perception; Y k, - overall
effectiveness of the knowledge test;

The calculated efficiency ratio will be reached
at a high level if the value is equal to 0.9 - 1.0. The
medium level ranges between 0.7 and 0.89; the low
level is below 0.7.

Calculations of the comparison coefficient were
used to study the areas of activity that were most
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influenced by students’ motivation. The comparison
coefficient was also developed by the authors to
provide correct numerical values as the basis for
further analysis:

p=7t- 6y

Xb

x, — a conditional indicator that reflects the level of
students’ motivation in expanding the relevant
activities after training; x;, — a conditional indicator
that reflects the level of students’ motivation in
expanding the relevant activities before training.

3.4 Data Analysis

Comparison of the obtained calculations of the
coefficient of standard deviation with statistics is
important in the research. It allows for more
accurate confirmation of the obtained data.
Statistical calculations were performed to determine
the comparison of the acquired knowledge before
and after the study. They were also used to compare
the areas of activity that were developed in students
due to their learning motivation. The coefficient of
standard deviation was also used to compare the
results of a psychological social survey to determine
the level of students’ motivation. Statistical
calculation made it possible to evaluate and confirm
the validity of the obtained data, [27].

S = Z?:l(xi_xmean)z (3)
n-1

n — the number of indicators that were used for
comparison; x; — an indicator of a separate value;
Xmean — Mean value of the indicators.

3.5 Ethical Criteria

Ethical norms were observed due to the use of the
Guidelines for Research Ethics, [28]. This ensured
the same conditions for all students who participated
in the study. Following ethical norms, it was also
planned to ensure the correctness of the presentation
of the results, which excluded their falsification.

4 Results

Digital technologies can have a variety of uses in
the learning process, which varies depending on the
level of teachers’ professional qualifications and the
capabilities of educational institutions. A structural
model of training was developed to ensure the
training of future teachers (Figure 1).
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The study of the theoretical material, and the
principles of differentiation of the educational
material involved the assimilation of the main
concepts of the subject, and the possibility of using
the subject of Computer Science to study other
subjects. The study of the theoretical material was
based on the use of an interactive multimedia board,
which made it possible to provide a detailed
visualization of the material. The online digital tool
Twiddla was used to learn the theoretical material.
Twiddla enables working in a team, which
contributes to the discussion of the studied topic,
and its deepening. The study of theoretical material
also involved the creation of independent lessons by
students to present a separate topic with the help of
Twiddla. The use of the Twiddla digital application
promoted the development of Digital Twin, which
influenced the possibility of discussing theoretical
material between students. The results were
achieved through modeling a particular topic for
presentation in class.

The practical skills based on in-depth study of
the material were developed using interactive
graphics, which included the display of educational
animation elements. During the practical classes, it
was planned to imprint the theoretical material by
completing the tests. The development of electronic
textbooks was also provided for the practical use of
the acquired knowledge. The use of the Storyjumper
digital application contributed to the creation of
electronic textbooks, which could be used later to
teach students. At this stage of education, the
development of electronic textbooks involved the
search for mechanisms to improve information
presentation approaches.

The development of creative thinking based on
the acquired skills involved in the creation of
individual projects. During training, it was planned
to create a curriculum, and create a fragment of an
electronic textbook by the created program. The
creation of educational programs involved the use of
the Emaze digital application, which facilitated the
visualization of information. At the same time,
students had to ensure the use of creative
approaches to presenting the material. Using Emaze
facilitated content creation with existing prompt
options. The digital application Storyjumper was
used to create a fragment of electronic textbooks.

After training among students, it was
determined how it affected the level of motivation.
The initial level of students’ motivation was
compared with the motivation level after
training (4 months) (Table 1).
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Development of practical
skills based on in-depth
study of the material
(Storyjumper)

-
Study of theoretical material
and principles of
differentiation of educational
material (Twiddla)

—

Development of creative
thinking based on acquired
skills (Emaze, Storyjumper)

Level of
students'

Q)tivation

Fig. 1: Structural model of learning using digital technologies

Table 1. Determining the stage of the study that had
the greatest impact on the motivation level

Percentage Percentage
Learning stage value before value after
training training

Study_ of theoretical ) 220
material
Study of practical 0 0
material 16% 24%
Deve_lopmgnt of 30% 25%
creative skills
General _perceptlon of 13% 29%
the learning process
It didn’t affect 41% -

It was established that the students achieved a
higher motivation level after training. This was
reflected in the study of theoretical and practical
material, the level of development of creative skills,
and the general perception of the learning process.
The results are related to the fact that training was
delivered in a non-standard format, which involved
the use of digital technologies. This made it possible
to ensure a creative process of assimilation of
information. A high level of motivation was
reflected in the expansion of cognitive abilities, and
the development of self-improvement. A high level
of motivation contributed to the achievement of
high educational goals, and the use of non-standard
methods for completing educational assignments.
The wuse of digital technologies ensured the
completion of assignments in a non-standard form,
and the use of a diagnostic format for displaying
information. A higher motivation level is also
associated with increased student success. A lower
motivation level was observed among students
before the training, which was reflected in the lack
of awareness of the need to acquire new knowledge.
It also affected the student’s responsibility to study
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information. This was reflected in the lack of
motivation in the performance of educational
assignments, and assimilation of information.

It was planned to conduct an experimental test of
knowledge during training, which was reflected in the
consideration of the motivational criterion (Table 2).

Table 2. Experimental testing of students’

knowledge
The parameter for which Before After
the performance was training | training S
determined
Availability of complex
knowledge about
methods and techniques 0.73 0.94 0.051
of learning theoretical
material
Knowledge of laws and
methods of = practical | o) |\ 595 | 0067
application of theoretical
information

Experimental testing of knowledge showed that
students achieved a high level of theoretical and
practical knowledge after training. Learning with
the help of digital technologies provided the
possibility of using the learned information to create
a programme of classes, and e-books. The process
influenced the application of creative skills to use
various forms and methods in education. This
approach to education contributed to students’
understanding of educational processes, which
influenced the search for the most favorable
approaches to completing the assignments. Students
acquired the ability to use basic computer
technologies, which was reflected in the completion
of practical assignments. High results are also
associated with the development of analysis skills,
which made it possible to arrange information. This
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assignments.

digital  technologies to  complete  certain
y 1,8 (16%)
0,
18 ¢ L6 2A%) 1 55005
14 1,2 (22%) .
1 1,1(18%)
11 -/
08 -
06 |
0,4 i .S:0,08
02 —
0 p
In-depth study Use of non-  Finding new Structuring the Participation in
of the topic standard digital material while  university
approaches to technologiesto  studying knowledge
resolving develop homework contests
practical issues practical skills

Fig. 2: Areas of student activity that were developed under the influence of motivational approaches

The results showed that after training,
knowledge of laws and methods of practical
application of theoretical information was achieved
at a higher level than having theoretical knowledge.
This is due to the use of digital technologies, which
ensured the development of practical skills. The
level of theoretical knowledge was higher than the
level of practical knowledge before the training,
which indicates poor organization of the educational
process.

The last stage of the research provided for
determining the directions of students’ activities
during their studies, which were affected by the
development of motivational approaches. The
results were obtained by calculating the comparison
coefficient (Figure 2).

It was established that the use of digital
technologies during education contributed to a more
in-depth study of the topic by students. This ensured
the search for new lessons with the help of digital
technologies, which resulted in a more detailed
study of a particular topic. The students also began
to take the initiative in finding new digital
technologies for the development of practical skills,
which made it possible to improve existing
knowledge. The search for digital technologies
made it possible to expand the idea of further
pedagogical activity and develop new approaches to
the presentation of material. The use of non-
standard approaches to completing practical
assignments was based on the development of
creative skills, which enhanced students’ interest.
This helped to complete assignments of various
complexity, which was reflected in the deepening of
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professional knowledge. Some students also found
an approach to creative homework preparation, as
digital technologies expand educational
opportunities. This had a positive effect on lectures
and practical classes. The use of digital technologies
was reflected in students’ participation in university
knowledge contests. The acquired knowledge made
it possible to achieve high performance and
participation in regional knowledge contests. The
knowledge contests are based on the use of students’
creative skills, as they require not only software
knowledge but also creativity in solving problems.

A psychological social survey was also conducted to
check the level of students’ motivation to continue
their studies using digital technologies (Figure 3).

A psychological and social survey of students
established that most of them are interested in
continuing their studies using digital technologies.
This is due to a new approach to studying subjects,
which motivates them to search for new
information, which affects professional
development. It also allows them to persevere in
learning and influences the development of a
creative approach, which is manifested in a non-
standard approach to solving problems, and the
continuation of research activity. Students develop
independence in studying the subject, which affects
their participation in extracurricular activities
(participation in professional competitions, and
knowledge contests). A medium level of satisfaction
in education is related to the need to use a greater
variety of technologies in education. A neutral level
of motivation was found among a small number of
students, which is explained by the lack of
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attendance in all classes. The results of the
comparison of the coefficient of standard deviation
showed a difference in values, which does not
confirm the correlation of the results. This is due to
the advantages of a high level of student motivation
and insignificant values of the medium and neutral
levels.

100 91%
80 +
. 60 {7
S
40 1 = 5=1.816
207 ™ o 2%
o L -' - |
\S
& & & @
TV S
¥

Fig. 3: The level of students’ motivation in
continuing their studies using digital technologies

5 Discussion
The obtained results showed that digital
technologies contribute to greater effectiveness in
learning, which correlates with research, [29], where
the positive role of interactive technologies is also
identified. Digital technologies contribute to
providing more personalized and adapted learning,
which affects greater efficiency and interest of
students in learning. This is because they allow for
the creation of educational materials, online courses,
and training manuals. Digital technologies facilitate
a flexible and modular approach to learning,
allowing adaptation of the materials to students’
needs, [29]. However, the aspects of the
personalized influence of digital technologies in
education were not established in the conducted
research. Emphasis is placed on the possibility of in-
depth development of students’ professional skills.
The virtual classroom platform has the effect of
increasing the level of students’ interest in learning,
as the process is related to the possibility of
ensuring the use of new methods and technologies
of education. This contributes to students’ self-
efficacy, development of their abilities, and
communication skills. The results are related to the
structuring of modules, and the use of specialized
software, [30]. Digital platforms are one of the
common elements of education in vocational
colleges. Also, such an approach to education
allows one to achieve high academic results and
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affects the possibility of ensuring self-regulated
learning. Digital technologies contribute to faster
assimilation of information, which provides the
possibility of developing various skills, [31]. Digital
technologies contribute to the creation of new
opportunities for the transformation of learning,
which  improves professional skills. Digital
technologies help to ensure the development of
critical thinking, creative skKills, interdisciplinary
communications, flexibility, and initiative. These
technologies allow for in-depth study of educational
material by students, which affects the growth of
professional competence, [32]. Virtual distance
learning processes are not identified in our research.
However, this study established those digital
technologies contributed to the enhancement of
students’ motivation. This was manifested in the in-
depth study of the topic, and the use of non-standard
approaches to completing practical assignments. It
also helped in the search for new digital
technologies for the development of practical skills,
structuring material when doing homework, and
participation in university knowledge contests. The
learning process provided for the study of
theoretical material, the expansion of practical
skills, as well as the development of creative skills.
The success of learning with the help of digital
technologies is achieved due to several factors.
Teachers should show interest in finding non-
standard approaches to presenting information, and
promote the search for new information for display.
The introduction of such an approach in education
has a positive effect on student motivation, which
affects the search for approaches for professional
development, [33]. Digital technologies contribute
to the development of communication among
students with the help of video services, which
improves information perception. The existing
education system is aimed at expanding basic
knowledge, which contributes to its adaptation
during the creation of educational projects. This
approach affects the implementation of tools for the
productive transfer of knowledge and skills.
Involvement of the game principle of learning,
visualization of information improves the perception
of materials, [34], [35]. The combination of
pedagogical knowledge and information
technologies has a positive meaning for the
motivation of students and their active participation
in education. Students mastered pedagogical and
technological thinking, which influenced increasing
overall efficiency, [36]. The development of
students' motivation based on interactive tools
occurs because of information visualization and the
possibility of immersion in the subject. The
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ARCloud application has advantages in education,
as it involves preliminary analysis, design,
development, and implementation of training
programs. The application also provides for the
assessment  of students' knowledge using
multimodal tools, [37], [38]. In contrast to the
presented works, which indicate the general
importance of digital technologies, our article used
specialized online tools that contributed to the
acquisition of professional knowledge and the
formation of students' motivation (Twiddla,
Storyjumper, Emaze).

Digital technologies provide online classes,
which facilitate the interaction of students and
teachers. It also has an impact on the development
of students' independence, which allows the
development of students' personal capabilities, and
interactive motivation. This makes it possible to
provide more opportunities for the development of
digital education and is also reflected in the increase
in the level of knowledge of students, [39], [40].
The analysis of studies established that the research
is aimed at determining the positive and negative
aspects of the introduction of digital technologies in
the educational process. In the presented study, the
results are related to the development of a learning
model, in which the emphasis is placed on the
training of future teachers, which shapes the
strengths of our research. The model developed by
the authors provided for the use of digital
technologies aimed at studying theoretical material,
developing practical skills, and creative thinking.
The advantage of our study is also the use of
applications Twiddla, Storyjumper, and Emaze,
which contributed to effective training. In addition
to the determined students’ effectiveness during
training, it was also determined how digital
technologies affected the activity of students in
training.

5.1 Research Limitations

The study provided for the development of a
training model for future teachers studying in the 2™
and 3 years. However, the results show a limited
value of indicators, which excludes the possibility of
involving schoolchildren in the educational process
and conducting additional research. However, it is
practically impossible to do this within the scope of
this research, which requires the search for
additional mechanisms for the implementation of
training and comparison of different efficiency
approaches. This may affect the overall correctness
of the results and indirect analysis of the obtained
results.
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5.2 Recommendations

This study is aimed at identifying the positive role
of digital technologies in education, but they are
more focused on the general analysis of digital
technologies, excluding their diversity. Therefore,
we believe that it is necessary to elaborate learning
models that will contribute to the development of
individual professional skills, which will later allow
their use during their lessons. The training options
provide for interactivity, which enables obtaining a
high level of knowledge both during offline classes
and online. This will ensure the training of teachers
who have not only in-depth knowledge of computer
technologies but also can use a creative approach to
teaching. The use of digital technologies also
involves the preliminary development of the lesson
with the filling of appropriate educational materials.
The teacher needs to decide how the training will
take place, and what approach to choose for
presenting the material. Also, from the proposed
options of tasks, choose the most appropriate ones
for the studied material using a digital application,
which will ensure the correct verification of
students' knowledge.

6 Conclusions

The authors achieved the aim of the article, as the
positive role of digital technologies in increasing
student involvement in the educational process was
established. The primary development of the
structural model of education ensured the use of
digital technologies, which were aimed at
developing the professional qualifications of future
Computer Science teachers. The study of the
theoretical material and the principles of
differentiation of the educational material involved
the use of a multimedia board and the online tool
Twiddla. The process was aimed at the perception
of educational information with the help of graphic
material. The development of practical skills was
based on an in-depth study of the material as a result
of using the Storyjumper application. The Emaze
and Storyjumper applications were used for the
development of creative thinking. This ensured the
creation of separate projects based on the acquired
knowledge.

After 4 months of training, it was established
that the general perception of the learning process
(29%) had the greatest impact on the development
of students’ motivation. The training was aimed at
the use of various digital technologies to learn
different approaches to the perception of
information. The development of creative skills also

Volume 21, 2024



WSEAS TRANSACTIONS on INFORMATION SCIENCE and APPLICATIONS

DOI: 10.37394/23209.2024.21.8

contributed to the students’ satisfaction, which is
related to the variety of assignments to be
completed, and the lack of patterns. The study of
practical material also enhanced students’ interest in
learning and raised the level of completed
assignments compared to the results before the
study.

It was established after the training that the
knowledge of laws and methods of practical
application of theoretical information was achieved
at a higher level. Students were able to achieve a
high level of developed practical skills, as digital
technologies allowed for the development of various
directions. This contributed to the improved
knowledge of theoretical material, the creation of
training programs, fragments of e-books. The
majority of students (91%) became motivated to
continue their studies using digital technologies.

The results showed that students, with the help
of developed motivation for learning, were able to
achieve in-depth study of the topic. It also
influenced the search for new digital technologies
for the development of practical skills, which forms
the academic novelty of the work. This contributed
to a detailed study of a separate topic, and an
understanding of the principles of using theoretical
information in practice. The greatest effectiveness
was achieved as a result of participation in
university knowledge contests but among a smaller
number of students.

The practical significance of the work is in the
possibility of using new digital technologies for the
training of future Computer Science teachers. The
prospects for further research may be related to the
comparison of various mechanisms of enhancing
students’ motivation and its influence on the
positive development of professional skills.

References:

[1] Garcia-Castilla, F. J., De-Juanas Oliva, A.,
Virseda-Sanz, E., Paez Gallego, .
Educational potential of e-social work: Social
work training in Spain, European Journal of
Social Work, Vol. 22, No. 6, 2019, pp. 897—
907.

[2] Valdivia-Yabar, S. V., Lopez, C. H. Digital
Uses of Students and College Success,
Journal of Higher Education Theory and
Practice, Vol. 22, No. 18, 2022, pp. 223-238.

[3] Goémez-Trigueros, I. M. Digital skills and

ethical knowledge of teachers with TPACK in
higher education, Contemporary Educational
Technology, Vol. 15, No. 2, 2023, paper
ep406.

E-ISSN: 2224-3402

86

[4]

[5]

[6]

[7]

[8]

9]

[10]

[11]

[12]

Oksana Karabin, Viktoriia Bielova,
Tetiana Hladun, Lesia Makarenko,
Andrii Bozhkov

Barana, A., Marchisio, M. A Model for the
analysis of the interactions in a digital
learning environment during mathematical
activities, Communications in Computer and
Information Science, 1624 CCIS, 2022, pp.
429-448.

Jamil, M. R. M., Hashim, A. T. M., Othman,
M. S., Ahmad, A. M., Noh, N. M., Kamal, M.
F. M. Digital pedagogy policy in technical
and vocational education and training (TVET)
in Malaysia: Fuzzy Delphi approach, Journal
of Technical Education and Training, Vol. 15,
No. 2, 2023, pp. 1-10.

Lin, H.-C., Hwang, G.-J., Chou, K.-R., Tsali,
C.-K. Fostering complex professional skills
with interactive simulation technology: A
virtual  reality-based  flipped  learning
approach, British Journal of Educational
Technology, Vol. 54, No. 2, 2023, pp. 622—
641, https://doi.org/10.1111/bjet.13268.
Marin-Rodriguez, W. J., Andrade-Girén, D.
C., Zuaniga-Rojas, M., Zudiga-Rojas, M.,
Susanibar-Ramirez, E. T., Calvo-Rivera, I. P.,
Ausejo-Sanchez, J. L., Caro-Soto, F. G.
Artificial intelligence and augmented reality
in higher education: A systematic review,
Data and Metadata, Vol. 2, 2023, paper 121,
https://doi.org/10.56294/dm2023121.

Topal, A. D., Stiner, M. Information searching
and commitment strategies of maritime
faculty students on the web, Information
Development, Vol. 37, No. 3, 2021, pp. 431-
443.

Chen, J., Fu, Z., Liu, H., Wang, J.
Effectiveness of virtual reality on learning
engagement: A meta-analysis, International
Journal of Web-Based Learning and Teaching
Technologies, Vol. 19, No. 1, 2023, pp. 1-14,
https://doi.org/10.4018/1JWLTT.334849.
Marchisio, M., Rabellino, S., Roman, F.,
Sacchet, M. Valuable features of hybrid
teaching in a higher education context,
Communications in Computer and
Information Science, 1639 CCIS, 2022, pp.
16-21.

Gunawan, S., Shieh, C.-J. Enhancing business
students’ self-efficacy and learning outcomes:
A multiple intelligence and technology
approach, Contemporary Educational
Technology, Vol.15, No.4, 2023, paper ep470,
https://doi.org/10.30935/cedtech/13647.
Camilleri, M. A., Camilleri, A. C. The
acceptance of learning management systems
and video conferencing technologies: Lessons
learned from COVID-19, Technology,

Volume 21, 2024


https://doi.org/10.1111/bjet.13268
https://doi.org/10.56294/dm2023121
https://doi.org/10.4018/IJWLTT.334849
https://doi.org/10.30935/cedtech/13647

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

DOI: 10.37394/23209.2024.21.8

Knowledge and Learning, Vol. 27, No. 4,
2022, pp. 1311-1333,
https://doi.org/10.1007/s10758-021-09561-y.
Champa, R. A., Rochsantiningsih, D.,
Kristiana, D. ICT-adaptation in Indonesia
EFL teaching evaluated using SAMR model,
Asian EFL Journal, Vol. 27, No. 52, 2020, pp.
185-197.

Cangondo, G., Pombo, N., Souza-Pereira, L.,
Ouhbi, S., Silva, B. Computer science
education in Angola: the key challenges,
IEEE Global Engineering  Education
Conference, No. 2022-March, 2022, pp. 139—
147.

Marchisio, M., Barana, A., Conte, A., Fissore,
C., Floris, F., Brancaccio, A., Pardini, C. The
role of an advanced computing environment
in teaching and learning mathematics through
problem posing and solving, The 15th
International Scientific Conference eLearning
and Software for Education, Bucharest, 2019,
pp. 11-18, https://doi.org/10.12753/2066-
026X-19-070.

Tiwari, R. G., Agarwal, A. K., Husain, M.
Integration of virtual reality in the e-learning
environment, Augmented and Virtual Reality
in Industry 5.0, De Gruyter, 2023, pp. 253-
274, https://doi.org/10.1515/9783110790146-
013.

Chen, W., Sanderson, N. C., Nichshyk, A.,
Bong, W. K., Kessel, S. Usability of learning
management systems for instructors — the case
of canvas, Lecture Notes in Computer Science
(including subseries Lecture Notes in
Artificial Intelligence and Lecture Notes in
Bioinformatics), 12784 LNCS, 2021, pp. 210-
223.

Lépez, J. E., de la Guardia, J. J. R. D,
Moreno, E. M. O. Design and content validity
of a rubric to measure the educational value of
applications for mobile devices, Revista de
Educacion a Distancia, Vol. 23, No. 72, 2023,
pp. 2.

Deveci Topal, A., Kolburan Geger, A., Coban
Budak, E. An analysis of the utility of digital
materials for high school students with
intellectual disability and their effects on
academic success, Universal Access in the
Information Society, Vol. 22, No. 1, 2023, pp.
95-110, https://doi.org/10.1007/s10209-021-
00840-0.

Venugopal, A., Kapil, A. K. Comparative
Analysis of Convolutional and Long Term
Short Memory Architectures in  Machine
Learning, Goar, V., Kuri, M., Kumar, R.,

E-ISSN: 2224-3402

87

WSEAS TRANSACTIONS on INFORMATION SCIENCE and APPLICATIONS

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Oksana Karabin, Viktoriia Bielova,
Tetiana Hladun, Lesia Makarenko,
Andrii Bozhkov

Senjyu, T. (Eds.), Information
Communication Technology and Computing.
Lecture Notes in Networks and Systems,
Springer, 2023, pp. 628,
https://doi.org/10.1007/978-981-19-9888-1 4.
Amane, M., Aissaoui, K., Berrada, M. New
perspective of learning objects in e-learning
system, International Journal of Information
and Learning Technology, Vol. 40, No. 3,
2023, pp. 269-279.

Lépez-Belmonte, J., Pozo-Sanchez, S,
Moreno-Guerrero, A.-J., Lampropoulos, G.
Metaverse in Education: a systematic review,
Revista de Educacion a Distancia, Vol. 23,
No. 73, 2023, pp. 2.

Sanderson, N. C., Kessel, S., Chen, W. What
do faculty members know about universal
design and digital accessibility? A qualitative
study in computer science and engineering
disciplines, Universal Access in the
Information Society, Vol. 21, 2022, pp. 351-

365, https://doi.org/10.1007/s10209-022-
00875-x.
Menolli, A., Neto, J. C. Computational

thinking in computer science teacher training
courses in Brazil: A survey and a research
roadmap, Education and Information
Technologies, Vol. 27, 2022, pp. 2099-2135,
https://doi.org/10.1007/s10639-021-10667-0.
Marchisio, M., Rabellino, S., Sacchet, M.
Start@unito as open educational practice in
higher education, Journal of E-Learning and
Knowledge Society, Vol. 16, No. 4, 2020, pp.
46-55.

Kulik, A., Chukhray, A., Chernenko, M.,
Leshchenko, O. Diagnostic support of an
intelligent tutor system for teaching skills to
solve algebraic equations, Radioelectronic
and Computer Systems, Vol. 2021, No. 3,
2021, pp. 160-168.

Barabash O., Weigang G. Mathematical
Modeling of the Summarizing Index for the
Biosystems Status as a Tool to Control the
Functioning of the Environmental
Management System at Business Entities.
Mathematical Modeling and Simulation of
Systems (MODS'2020). Vol. 1265, 2021, pp.
56—66, http://dx.doi.org/10.1007/978-3-030-
58124-4 6.

Guidelines for Research Ethics in Science and
Technology, National Committee for Research
Ethics, 2016, [Online].
https://www.forskningsetikk.no/en/guidelines/
science-and-technology/quidelines-for-

Volume 21, 2024


https://doi.org/10.1007/s10758-021-09561-y
https://doi.org/10.12753/2066-026X-19-070
https://doi.org/10.12753/2066-026X-19-070
https://doi.org/10.1515/9783110790146-013
https://doi.org/10.1515/9783110790146-013
https://doi.org/10.1007/s10209-021-00840-0
https://doi.org/10.1007/s10209-021-00840-0
https://doi.org/10.1007/978-981-19-9888-1_4
https://doi.org/10.1007/s10209-022-00875-x
https://doi.org/10.1007/s10209-022-00875-x
https://doi.org/10.1007/s10639-021-10667-0
http://dx.doi.org/10.1007/978-3-030-58124-4_6
http://dx.doi.org/10.1007/978-3-030-58124-4_6
https://www.forskningsetikk.no/en/guidelines/science-and-technology/guidelines-for-research-ethics-in-science-and-technology/
https://www.forskningsetikk.no/en/guidelines/science-and-technology/guidelines-for-research-ethics-in-science-and-technology/

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

WSEAS TRANSACTIONS on INFORMATION SCIENCE and APPLICATIONS

DOI: 10.37394/23209.2024.21.8

research-ethics-in-science-and-technology/
(Accessed Date: October 10, 2023).

Amane, M., Aissaoui, K., Berrada, M.
Shaping Students’ Learning for a Specific
Learning  Environment,  Motahhir, S,
Bossoufi, B. (Eds.) Digital Technologies and
Applications. ICDTA 2023. Lecture Notes in
Networks and Systems, Springer, 2023, pp.
668, https://doi.org/10.1007/978-3-031-
29857-8 38.

Venugopal, A., Madanan, M. Online teaching
strategies for IT education, Lecture Notes in
Networks and Systems, Vol. 392, 2022, pp. 55—
63.

Bembenutty, H. Self-regulated learning and
technology among teacher candidates, New
Directions for Teaching and Learning, Vol.
2023, No. 174, 2023, pp. 33-40.

Muktiarni, M., Rahayu, N. ., Wardani, A. K.
Digitalization and transformation in technical
and vocational education, Progress in
Education, Vol. 76, 2023, pp. 225-241.
Tzafilkou, K., Perifanou, M., Economides, A.
A. Factors affecting teachers’ transfer of ICT
training:  Considering  usefulness  and
satisfaction in a PLS-SEM transfer training
model, Journal of Adult and Continuing
Education, Vol. 29, No. 1, 2023, pp. 86-105.
Kulik, A. S., Chukhray, A. G., Havrylenko, O.
V. Information technology for creating
intelligent computer programs for training in
algorithmic tasks. part 1. Mathematical
Foundations, System Research and Information
Technologies, Vol. 2022, No. 4, 2022, pp. 27—
41.

Humeniuk, T., Prosandieieva, L., Voronova,
V., Nedzvetska, O., Chernihovets, T.,
Solomatova, V. The Effectiveness of

Gamification Elements for the Development
of Future Culturologists’ Digital Competence
Journal of Curriculum and Teachingthis, Vol.
11, No. 6, 2022, pp. 113-125.
Orozco-Rodriguez, C., Vera-Soria, G., Vera-
Soria, F. Effect of PK, TK, and TPK on the
efficacy of teaching practice in Covid-19
times, Revista Iberoamericana de Tecnologias
del Aprendizaje, Vol.18, No.4, 2023, pp.354-
364,
https://doi.org/10.1109/RITA.2023.3323950.
Hashim, S., Hamzah, N., Ismail, A., Hassan,
M. A., Jumaat, N. F., Zulkifli, N. N. The
design and development of augmented reality
(AR) applications in cloud computing
learning topics. AIP Conference Proceedings,

E-ISSN: 2224-3402

88

[38]

[39]

[40]

Oksana Karabin, Viktoriia Bielova,
Tetiana Hladun, Lesia Makarenko,
Andrii Bozhkov

Vol. 2827, No. 1, 2023, paper 030045.
https://doi.org/10.1063/5.0168655.

Huang, Y., Pan, L., Wang, Y., Yan, Z., Chen,
Y., Hao, X., Xia, T. Exploring the user
acceptance of online interactive mechanisms
for live-streamed, Teaching in Higher
Education Institutions Sustainability
(Switzerland), Vol. 15, No. 18, 2023, paper
13529. https://doi.org/10.3390/su151813529.

Akimov, N., Kurmanov, N., Uskelenova, A.,
Aidargaliyeva, N., Mukhiyayeva, D.,
Rakhimova, S., Raimbekov, B., Utegenova, Z.

Components of education 4.0 in open
innovation competence frameworks:
Systematic  review, Journal of Open
Innovation:  Technology, Market, and

Complexity, Vol.9, No.2, 2023, paper 100037,
https://doi.org/10.1016/j.joitmc.2023.100037.
latsyshyn, A. V., latsyshyn, A. V., Kovach, V.
0., Zinovieva, l., Artemchuk, V. O., Popov,
0. 0., Cholyshkina, O., Radchenko, O.,
Radchenko, O., Turevych, A. Application of
Open and Specialized Geoinformation
Systems for Computer Modelling Studying by
Students and PhD Students. Proceedings of
the 16th International Conference on ICT in
Education,  Research  and Industrial
Applications. Integration, Harmonization, and
Knowledge Transfer. Volume Il: Workshops.
Kharkiv, 2021, pp. 893-908, [Online].
https://ceur-ws.org/Vol-2732/20200893.pdf
(Accessed Date: October 11, 2023).

Volume 21, 2024


https://www.forskningsetikk.no/en/guidelines/science-and-technology/guidelines-for-research-ethics-in-science-and-technology/
https://www.forskningsetikk.no/en/guidelines/science-and-technology/guidelines-for-research-ethics-in-science-and-technology/
https://doi.org/10.1007/978-3-031-29857-8_38
https://doi.org/10.1007/978-3-031-29857-8_38
https://doi.org/10.1109/RITA.2023.3323950
https://doi.org/10.1063/5.0168655
https://doi.org/10.3390/su151813529
https://doi.org/10.1016/j.joitmc.2023.100037
https://ceur-ws.org/Vol-2732/20200893.pdf

WSEAS TRANSACTIONS on INFORMATION SCIENCE and APPLICATIONS

DOI: 10.37394/23209.2024.21.8

APPENDIX

Appendix A

Questionnaire No. 1 for a Sociological Survey
Respondents should give preference to one of the
stages of education that contributed to the
development of the highest level of student
motivation. Pre- and post-training data collection
was planned. Answer options include:

- study of theoretical material;

- study of practical material;

- development of creative skills;

- general perception of the learning process;

- did not affect.

Questionnaire No. 2 for a Sociological Survey
Respondents need to determine the areas of activity
in education that were formed under the influence of
the development of motivational approaches.
Respondents should indicate the presence or
absence of the level of motivation to expand the
areas of professional activity before and after
training. Answer options include:

- in-depth study of the topic;

- use of non-standard approaches to completing
practical assignments;

- Search for new digital technologies for the
development of practical skills;

- structuring the material when doing homework;

- participation in university knowledge contests.

Questionnaire No. 1 for a Sociological Survey
Respondents need to determine their level of
motivation to continue their studies using digital
technologies:

- high level of motivation;

- medium level of motivation;

- low level of motivation;

- neutral level of motivation.
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